
-R124 599 TACTICAL MOTION ANALYZER (TNA)(U) NAVAL POSTGRADUATE 1/2
SCHOOL MONTEREY CA J W NCCORKLE OCT 82

UNCLASSIFIED F/G 15/7 N

smmomhmohmosi
mohhhEmhhhmhhE
smhhhhhmhohhE
iEEmhohmhhhohhE
mhhhhmhhEohhhI
EohhhEEohhhhhE



Ii .

I6

1111us 1111 1.2.0j~~

ii i5. lul. MICROCOPY RESOLUTION TEST CHART

.. ATIONAL BUREAU OF STANDARDS-1963-A

,

............................. . .... ... .,.---..



NAVAL POSTGRADUATE SCHOOL
Monterey, California

DTIC

SELECTE
FEB 1 8 I

THESIS A

TACTICAL MOTION ANALYZER (TMA)

by

Jack Woodward McCorkle Jr.

October, 1982

_Thesis Advisor: Alvin F. Andrus

Approved for public release, distribution unlimited
C-,

.'..
8 J

• " -- 83 02 Cl.



SKCUMTV CLASS PICATIGS 00 TWOS PA41S (Ono Dae 8*664__________________

REPORT DOCUMENTATION PAGE SZM OPITIGFR
F. RNwOIT NUUNKM [a 6WACCSSION me 3. 111CIPIESYS CATALOG mumean

4. TITLE (40d1 SM6011080 S. TyP9 or REPORT a PERIOD COVERED

Master's Thesis
Tactical Motion Analyzer (TMA) October, 1982

AI. 091pam"1@1 e* R. 08000T MUNGER

7. AuTM@R0eQ a. CONTRACT 06GamW.SRe

Jack Woodward McCorkle, Jr.

9. pallovesmos 001110621aHong NAn AaamaODss 5

Naval Postgraduate School ~Tl
Monterey, California 93940

I I. COWIMLLIMG OFFICX RMS AMAI ADDRESS IS. REPORT OATS

Naval Postgraduate School October 1982
Monterey, California 93940 IF u~la PAGES

14. WOITORING AGENCY MAN8 a A1300aSidinft "~.~ eM Cmsnmdwimd anise) is. SECUfITY CLASS,.e tot s I Opeewj

Sk. OEUkASSI
9 ICAIO/ 5WNGAW

14. 01ST1111UYION STATSMIHT (61 ffi Aspeesi

Approved for public release, distribution unlimited

I?. OIS1RIOUTION I ATEIMY (of 014, 8680011 9014011 iA Week* i. *VII M 0iel10sm Reps)

III. SUPPLEMENTARY NOTES

19. 99Y WOODS (dae -- s ....... side 1,10160641 4101 #~#bIFW Op0 MadMab)

Wargaming, Microcomputer Wargames, Motion Analyzer, Gaming

AGSTRACI MCansonU o ds do ess l i avoesssin adIs~mfr Ap Weeft m~

This thesis is a two player, microcomputer controlled, tactical
motion analyzer (TMA) of Unit movements. TMA is designed to be
used in either a manual or computer driven wargame. Written in
the computer language Pascal, implementation is designed for the
APPLE II computer. The program is contained on two, 5 inch fl~oppy

disketes. Specific unit characteristics are entered into the

database by the users. Users may then analyze unit movements
usinz time-steD simulation. Data transfer between comouters is

00 I 14n3 aoriam@ OP I Mov4so is amseLoe

1 colr CLAIIFCATION OP THIS Past ~ 370001u~i



Tdone by the users physically exchanging diskettes. The game may
be replayed or saved and continued at any time. The program
logic and data manipulation are discussed in detail within the

text of the thesis.

00D Forva 1473 2
S/4 0,1% .014-6601 SICU01YW CLAMPnV6*YUN OF ,WI P&Glebol Doe Em..u.Ea



Approved for public release, distribution unlimited

Tactical Motion Analyzer (TMA)

by

Jack Woodward McCorkle Jr.
Lieutenant, United States Navy

B.S., United States Naval Academy, 1975

'S Submitted in partial fulfillment of the
requirements for the degree of

MASTER OF SCIENCE IN OPERATIONS RESEARCH

from the

NAVAL POSTGRADUATE SCHOOL
October, 1982

Author:

Approved by: ,___
Thesis Advisor

I-

.... ,-- Second Reader

Chairman, epartmenio of Operations Research

.A
Dean of Information and Policy Sciences

3

'a. ". . .3-- -
a a- -



ABSTRACT

This thesis is a two player, microcomputer controlled,

tactical motion analyzer (TMA) of unit movements. TMA is

designed to be used in either a manual or computer driven

wargame. Written in the computer language Pascal, implemen-

tation is designed for the APPLE II computer. The program is

contained on two, 5 inch floppy diskettes. Specific unit

characteristics are entered into the database by the users.

Users may then analyze unit movements using time-step simulation.

Data transfer between computers is done by the users physically

exchanging diskettes. The game may be replayed or saved

" , and continued at any time. The program logic and data mani-

pulation are discussed in detail within the text of the

thesis.
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I. INTRODUCTION

The purpose of' this thesis is to provide a user friendly,

two player, microcomputer controlled, tactical motion analyzer

(TMA) of' unit movements.

Since their advent, computers have been used by the

military and civilian contractors alike in an attempt to

simulate war environments. This was first done by the

vacuum-tube computers to solve firing solutions for anti-

aircraft guns, and later by high speed, mainframe computers

to simulate complete battles and even war scenarios. Only

recently has the technology been available to do similar

applications on microcomputers. Specifically, memory chip

density advances have to be the most significant contribution

in this field.

The hardware to do large scale wargaming has been

available for several years, but it is only now that software

development is approaching the sophistication level so that

non-computer enthusiasts can sit down at a terminal and

successfully interact with a computer wargame. It is with

this in mind that this thesis was written. A primary goal

of TMA is to design human factors and ease of use into a

game as it is written. This subject is discussed in depth

in chapter III.

4 Although TMA is a complete program, there are many

unexplored areas that could enhance it. Chapter VIII lists

some suggestions for future expansion.



In order to use the TMA program, the following equipm~ent

is required: the TMA diskettes (two for each player), two

Apple II computers, two disk drives and a monitor for each

machine.

* Prospective users of this program may include anyone

interested in observing relative unit motion while interacting

with a microcomputer. Since this program is an interactive,

two person game, these individuals will be able to test

strategies for maneuvering their units. Through playing the

game and becoming familiar with some surface vessel tactics,

it is hoped that this program will be of some educational

benefit to U.S. Navy line officers.



II. GOAL OF THE TMA PROGRAM

A. WARGAMES IN GENERAL

The author has had some limited experience with U.S.

Navy funded, commercially produced, interactive computer

wargames. This experience is restricted to the Warfare

Environment Simulator (WES). WES is a real-time man-

interface discrete time step simulation for analytical

wargaming applications in support of a broad range of

research and development objectives. WES was produced by

System Development Corporation (SDC) located in San Diego,

California. WES appears to do what it's suppose to do,

however, it also has some very difficult characteristics.

Specifically, it is difficult to use. A variety of special

commands and code words must be learned before playing the

game. These aie many in number and nonstandard compared to

military nomenclature. In many cases numerous man-hours

must be spent in becoming familiar with these terms which

are most often germane only to the present system.

Many computer wargames are designed for implementation

on large, fast and expensive mainframe computers. This

very description implies a limitation for its users. Due to

the high initial costs and maintenance expenses, general

user availability is less than optimal. Additionally,

software "experts" must be on hand to answer questions and

help train system users. This makes the wargame expensive

to run and maintain.

10
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Another problem that is not restricted to military

wargames, but to sophisticated software in general is lack

of good documentation! Granted that software engineers who

develop, design, write and test programs are gifted individuals,

their ability to write user instructions for the layman is

suspect. After spending months and sometimes years developing

software packages it is understandable that these same people

may lose perspective. There are two extremes to the documen-

tation dilemma; too technical or too general. It seems as

if the too technical examples were written by the software

engineers while the authors of the too general documentation

never really understood what the program was supposed to do.

Price notwithstanding, ease of use or user friendliness

may be the major factor influencing acceptance of micro-

computers and computer generated software in the future.

Several articles have appeared in recent magazine issues of

BYTE (Ref. 1] and PERSONAL COMPUTING (Ref. 2] dedicated to

the subject of human factors design engineering in hardware

and software systems. Basically they both say that as the

general public begins to accept microcomputers into their

daily routines, the transition to a computerized society

will be made smoother by the software designers. They must

design their programs with the general public in mind.

Civilian contractors who supply wargames to the military have

a head start on the rest of the computer software industry,

but there is still a long way to go.
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Another possible advantage in using microcomputecs for

wargaming is reducing the intimidation the user feels while

sitting in a large computer center time sharing with a

mainframe computer. Anxiety and trepidation on the behalf

of the user may be kept to a minimum by using micros that

incorporate user friendly software.

Two major disadvantages associated with using micro-

computers for large scale wargaming are:

1. The lack of standardization in the microcomputer

industry.

2. The inability of today's microcomputers to handle

very large databases with the speed necessary to use

them in "real time" applications.

Until an industry-wide standard is adopted purchasers

of systems must ask themselves if what they're buying will

be compatable with what they already have or what they may

buy in the future.

The second disadvantage is not as serious as the lack of

standardization since technological breakthroughs often

occur. Today's 8-bit and 16-bit microprocessors will surely

give way to tomorrow's 32 and 64-bit microprocessors. This

increased size chip will allow vast amounts of online

computer memory to be available for instant recall, thereby

allowing increased database size and retrieval speed.

12
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B. TMA IN GENERAL

The TMA program is a small scale attempt to correct many

of the above listed deficiencies. The microcomputer has

become a very powerful computing tool. This is due primarily

to technological increases in the areas of silicon chip

memory densities and larger, more sophisticated microprocessors

with faster cycle times. The microcomputer's lower cost and

high reliability make it possible to increase overall

availability of computer wargames as well as computers in

general.

The major goal of the TMA program is to demonstrate some

user friendly software implementation techniques while

exploring the capabilities of microcomputers in wargaming.

In addition to being informative and instructive in nature,

this program is intended to be painless to use and fun to

watch. This is made possible by:

1. Programming the game in the computer language Pascal.

2. Using the high resolution graphics capability of the

Apple II computer.

Pascal was chosen as a programming language over BASIC

and FORTRAN because of its highly structured nature. This

structuring allows, if not requires, modular design and makes

it very legible and comprehensible for large programs. Changes

and modifications can be made several times faster than in

unstructured languages. Also, Ada, which is soon to be

required of all contractors who want to do business with

,71 the U.S. Department of Defense, can be thought of as an

13



enhancement of Pascal. Pascal comes in many versions. The

version used for TMA is Apple Pascal which incorporates UCSD

Pascal and Apple extensions for graphics, sound, and paddles.

Of these extensions TMA uses graphics and sound.

The high resolution graphics capability of the Apple II

computer makes it possible to produce an aesthetically pleasing

graphical presentation of the actual events as they happen

during the simulation. This could be expanded upon by having

a high resolution color monitor instead of a green or black

and white screen. Visual representation prompts faster feed-

back from the user. He can quickly scan and understand each

tactical situation as it occurs. The more computer graphics

are used to represent what is actually happening, the more

useful the wargame will be to the user.

14



III. THE PROGRAM

TMA is an acronym standing for Tactical Motion Analyzer.

The main program is comprised of three separate subprograms;

the database, the motion analyzer and a fast-time replay of

the motion analyzer.

The database subprogram is designed to be interactive in

nature. Menus are used throughout the program that offer the

user a selection of specific choices that may be made. Once

an appropriate choice is made, that segment of the program

becomes active. If the user makes a mistake or changes his

mind about a selection, the program will allow the user to

regress to the previous level. When an input is required

the computer will prompt the user. If an unexpected input is

received the computer will beep, the input will be erased from

the screen and the user will again be prompted for input.

This will not prevent erroneous input from getting into the

database, but will .prevent the user from entering a number

if a letter is expected and vise versa.

The database portion of the program allows the user to

develop and save various parameters of specific units. These

parameters are entered by the user and then saved as a file

on the game diskette. This information is then available

throughout the program using random access. There is a

default database on the TMA1 diskette consisting of ten units

15



(specifically surface vessels). The user can use the default

database or devise his own. Each game diskette has room for

at least ten separate user database files. Input required by

the database for each unit is as follows:

1. Class
2. Name
3. Hull number
4. Initial Course
5. Initial Speed
6. Position (X-Y coordinates)
7. Maximum unit speed
8. Number of surface-to-surface missiles (SSM) on board
9. SSM speed

10. Number of surface-to-air (SAM) missles on board
11. SAM speed

Course and speed are the only parameters which may be

altered before each move.

Each user database must have a different name. When the

diskette becomes full, the program will let the user know by

printing an appropriate message on the screen. More room can

be made available on the diskette by removing an unnecessary

datafile.

The database subprogram is completely selfcontained.

While the user is interacting with this section of the program,

no data is transferred between computers.

The second subprogram of TMA deals with the mathematical

manipulation and graphical display of the program. All

calculations in TMA are deterministic. Motion for each unit

is computed from three inputs provided by the user; course,

speed and time. Course and speed are maintained in the

database. A time increment is entered before every time-step.

: 16



Geometry and trigonometry are used to derive all unit

motion. The calculations are first computed for the user's

* side, then the program automatically communicates with the

opponent's program and retrieves the necessary data to plot

the updated positions of his units. A history of all position

changes are saved on the diskette for later use by the program.

* Communication between computers is handled by the user. The

program will stop at the appropriate time and request the

players to exchange program diskettes. This exchange allows

each player to view the moves made by the opponent. If for

some reason this exchange is not made, the program will

continue to run, however, only the moves made locally will

be displayed.

Between moves the user can study each unit's situation.

The user has the following options:

1. Draw a circle of a specified range.
2. Compute the range and bearing between units.
3. Determine closest point of approach (CPA) between units.
4. Calculate intercepts between units.
5. Move individual units around the screen.
6. Advance to the next time-step.

A more specific description and explanation of how to use

the program follows in the Appendix in the form of a user's

manual.

The graphical representation of TMA is oriented in U.S.

Navy standard. North is 360 or 000 degrees and corresponds

to the top of the screen. East is 090 degrees and is the

right side of the screen as the user views it. Bearings

4increase to the right (clockwise). The graphic screen of the

17

."



Apple computer is not square but is actually a rectangle that

measures 280 dots along the X-axis (horizontally) and 192

dots along the Y-axis (vertically). This rectangular display

has some inherent disadvantages. The disadvantage most

noticable to the user will be that circles drawn on the display

will appear as ellipses. Also, identical distances drawn along

both axes will show on the screen as having different length.

The graphics screen of TMA, as viewed by the user, will

consist of a 100 by 100 mile square grid. Each dot will

represent one mile. The lower left-hand corner will be the

origin. The horizontal and vertical axes correspond to the

X and Y axes, respectively. These square coordinates will

be linearly transformed, within the mechanics of' the program,

into the rectangular grid that the Apple computer uses. All

numerical output to the user will again be transformed to the

more familiar 100 by 100 grid.

This method of' graphic display was chosen by the author

to ensure a one-to-one correspondence between the user's

grid coordinates and that of' the machine. In retrospect,

this may not be as important as originally envisioned.

Consequently, this phenomenon is one that may be corrected

by changes to the program code.

Calculations are performed using real numbers, which on

the Apple Computer have precision to seven decimal digits.

However, displaying these positions on the screen require

rounding off each position to its integer equivalent. The

18
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impact of this induced rounding error is varied depending on

what scale the user is viewing the screen. For example, the

initial scale is 1 dot per mile. In this scale the round

off error may account for a screen positioning error of up

to one mile.

The final section of TMA is the fast-time replay subprogram.

When Rerun is invoked by the user, the screen will clear and

display the game situation as it was before the first move of

the game. During this phase of the program all user options

are active just as before. However, when the user elects to

advance to the next time step, instead of computing new positions,

the computer will read the next set of coordinates from it's

history file and display them on the screen. This gives the

user the ability to observe a lengthy series of moves condensed

into a relatively short time. This is an ideal time for the

user to critique his own tactical decisions and to observe

those of his opponent. The Rerun subprogram is completely

selfcontained, that is, no interaction takes place between

computers. Each terminal is a stand alone system at this

time requiring no exchanging of diskettes.

19

................: L



".'_]

IV. MOTION ANALYZER

A. INITIALIZATION

TMA is a large program as microcomputers go. The text

version is over 3000 lines of Pascal code. The compiled

length equates to about 40,000 bytes. This does not include

the library routines that are used for graphics and trigono-

metric functions, nor memory that is set aside for variables.

Although the Apple II is a 64,000 byte machine, it cannot

store the Pascal language, TMA, and the library routines in

memory at the same time. Pascal, however, is such a flexible

language that it allows the programmer to divide programs into

smaller segments that are only loaded into memory when

needed. Only the 'main' program need reside in memory at

all time.

The 'main' program is loaded into memory automatically

when the machine is turned on, provided the TMA diskettes

are in the disk drives. The 'main' program has two important

functions:

1. The declaration of all global variables used in TMA.

2. The job of 'program director'.

Many variables used in TMA are global. The record which

contains all database information, datafile names, and flag

names are needed in various segments throughout TMA. In

order to pass the values of these variables between program

segments, they must be declared in the main program.

Unfortunately, each global variable consume precious memory.

20



The main program acts as program director by checking the

status of each flag variable. Throughout the program various

flags are set. These flags are boolean variables that have

values of 'true' or 'false'. These flags are changed as the

user progresses through the program. When the user leaves a

segment, TMA always returns to the main program to check the

flags. The main program determines which segment is tc be

loaded into memory based on present flag status. This loading

and unloading of segments into the memory is virtually

invisible to the user. However, program response time is slowed

by frequent access to the disk drives.

Once the main program is loaded, execution begins. TMA

reads a file on the TMA1 diskette called SYSTEM.MISCINFO.

This file contains the screen control characters for each

computer. Using SYSTEM.MISCINFO allows the programmer to

perform general video functions that are terminal independent.

These functions include clearing the screen and positioning

the cursor.

An initialization segment (TMAINIT) is loaded next.

TMAINIT sets certain variables, arrays, and all flags to

their initial values. This segment also asks the user if he

wants to resume an old game. If the user responds affirma-

tively, the proper flag is set and the program transfers to

the RESUME segment. The RESUME segment reads data from the

last move of a previous game from five different disk files

on the diskette TMA2. These five disk files are then removed

21



from the diskette. If the user opts to begin a new game, the

motion analyzer subprogram is invoked by selecting the MOTION

ANALYSIS PROGRAM option. This subprogram is the bulk of TMA.

B. MOTION ANALYSIS

1. Segment procedure MATHFUNC

The procedure MATHFUNC marks the actual beginning of

the MOTION ANALYSIS PROGRAM. This procedure has several

related functions.

MATHFUNC first asks the user the name of the diskfile

containing the database for the game. The user enters the

filename, and the program locates and reads that diskfile.

Should the user misspell or make a mistake typing the filename,

the program will continue to prompt the user until a correct

filename is entered. The program, having read the desired

datafile, computes each target's initial position and displays

7them on the monitor. This gives the user an opportunity to

visually check the information in the database. The user

must press the escape key (ESC) on the keyboard to continue.

At this point, the user has two options. The user may elect

to continue the game, or return to the database segment to

make changes to the database. The database segment is

discussed in detail in chapter 5.

If the user decides to continue then several events

occur. TMA opens two historical datafiles on TMA1 (ORNGOLD.DATA

and BLUEOLD.DATA). These datafiles maintain unit positioning

data for use during the RERUN segment of TMA. Specifically,

22
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each file contains an X and Y coordinate for each unit and the

time increment for each game move. One additional disk file

is initialized also (BLUENOW.DATA). This file, on TMA2,

maintains the present positioning data for the user's units.

At this time TMA ceases to be a self-contained program

and the user is informed that data transfer between players is

necessary. Instructions are displayed on the monitor and the

user need only follow them. These instructions request the

user to remove the TMA2 diskette from drive #2 and exchange

it with his opponent's TMA2 diskette, then place this TMA2

diskette in drive #2. As mentioned above, a datafile

(BLUENOW.DATA) is maintained on TMA2 that contains current

positioning data. When these diskettes are exchanged, current

positioning data is also exchanged. Both sides now have

current positioning data for themselves and their opponents.

The MATHFUNC segment terminates, sets the proper flags, and

transfers program control back to the main program.

2. Segment procedure MOTION

The main program transfers control of TMA over to the

procedure MOTION. This procedure performs the actual motion

analysis requested by the user. The user has the following

options:

1. Advance to next time-step.
2. Draw range circle around a specified unit.
3. Compute range between units.
4. Determine CPA between units.
5. Determine Course/Speed of units.
6. Check/Change movements of a unit.
7. Compute intercept between units.

23



8. Clear the display.
9. Downscale display.

10. Upscale display.
11. Recenter the display on a specified unit.
12. Toggle between text and graphic page.
13. Terminate the game.

3. Segment procedure ADVANCE

The Advance option transfers control of TMA to the

ADVANCE procedure. Based on a time step entered by the user,

the program calculates new X, Y-coordinates for all units.

SThe following formulae are used:

X' = X + (SPEED/60 x TIME x 2.8 x SIN(COURSE))

Y' = Y + (SPEED/60 x TIME x 1.92 x COS(COURSE))

X', Y' represent the new X and Y positions respectively.

SPEED is the unit's speed in nautical miles per hour, the 60

converts it to minutes. TIME is the time-step entered by the

user in minutes. The numbers 2.8 and 1.92 are the number of

graphical dots per nautical mile in each plane X, Y. The

trigonometric functions SIN and COS determine the X and Y

components of the unit's velocity.

Before the actual computations are performed, however,

the user is given the option of viewing and changing the

present course and speed of each unit. This way minor changes

may be made to the database without returning to the database

procedure.

A pictoral representation of units before and after

they advance is shown in figures 1 and 2 on the following

page. Figure 1 shows three units as they may appear before

being advanced. Figure 2 shows the units after they have

24



Figure 1: Monitor beffore advance
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advanced. Both the before and after positions will be

displayed until the user clears the screen or changes scale.

After the new X and Y coordinates are calculated, they

are saved on the diskette TMA2. Once again the user goes

through the diskette exchanging procedure with his opponent.

These coordinates are then saved in the historical datafiles

on the diskette TMA1.

The ADVANCE procedure then transfers control back to

the MOTION procedure. The new unit positions are displayed

and the user may again select from the various options.

4. Segment procedure CIRCLE

This procedure allows the user to draw circles of a

specified range around any unit. The TMA program prompts

the user for the circle's origin and a radius in nautical

miles. Due to the graphical limitations of the APPLE II

computer, these circles must be drawn one dot at a time.

The circles will always appear elliptical vice circular.

This is because of the difference in the number of dots per

mile along the horizontal axis and the vertical axis. Figure

3 shows the display after a circle is drawn around unit number

one. After the circle is completed, control of TMA is returned

to MOTION.

5. Procedure RANGE

Procedure RANGE is incorporated into the MOTION segment

procedure since it is relatively small. RANGE calculates the

distance between any two units. The program prompts the user
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for the unit numbers desired, target 1 and 2. A line is

drawn between the units, and the range is displayed in nautical

miles. Range is calculated using the square root of the sum

of the squares.

DIST = SQRT(((X2-XI/2.8)A2 + ((Y2-Y1/1.92)A2)

whore,

X1, Y1 is the present position of target 1. X2,

*: Y2 is the present position of target 2. The factors 2.8 and

1.92 transform the units from dots per nautical mile to

nautical miles. The term 'A21 means raised to the second

power. SQRT implies take the square root.

Figure 4 shows the display after the range between

..it zero and unit one has been calculated. After displaying

the calculated range between targets, program control is

returned to the MOTION segment.

6. Segment procedure CPA

The CPA procedure calculates the closest point of

approach between two designated units. Computations are based

on present course and speed.

CPA derives all information, course and speed, from

the two most recent unit positions. Obviously, if no advances

have been made, course and speed can not be determined. CPA

will inform the user that not enough data exists to calculate

CPA.

Assuming at least one time-step advance has been made,

CPA is calculated as follows:
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Figure 3: Monitor with circle displayed

Figure 4: Monitor w~itragdipye
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The two most recent positions of all units are main-

tained in a global array throughout TMA. Based on these

positions the course of any unit can be calculated using the

arctangent function.

COURSE = ARCTANGENT((DX/2.8)/(DY/1.92))

DX is the distance moved in the X direction and DY is

the distance moved in the Y direction. Once again these

distances are translated from dots per nautical mile to nautical

miles. A problem occurs when DY is zero or close to zero.

By checking this first the program can avoid 'division by

zero' errors. If DY is zero the course must be either 090

or 270 degrees. Again this can be determined by the sign of

DX. If DX is positive, for example, the unit is traveling

270 degrees. Unit speed is calculated in a two stage process.

Distance is calculated first using the same method described

in RANGE above. Speed is derived from this distance divided

by the length of time of the last time-step.

Knowing the course and speed of the units the program

uses the X and Y components of velocity to compute the time

of minimum distance. This is the time of CPA. Once CPA time

is known, the relative future positions of each unit is cal-

culated and displayed. Figure 5 shows the screen after TMA

has calculated CPA between unit zero and unit one. The end

point of the displayed lines is the relative unit positions at

CPA. Finally, the program informs the user of the number of

minu'es until CPA, and the range and bearing between units at

CPA.

Control is then returned to the MOTION segment.
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Figure 5: Monitor showing CPA

Figure 6: Monitor showing unit movement
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7. Procedure INTERROGATE

This procedure determines the course and speed of any

unit. As in CPA above, this procedure uses the two most

recent positions of the target to determine its course and

speed. The program will inform the user that it does not

have enough data. If the user attempts to invoke this pro-

cedure after at least one time-step advance, then the unit's

course and speed are calculated exactly as described above in

CPA. After the course and speed has been determined and

displayed, program control is returned to MOTION.

8. Segment procedure MOVEMENT

The MOVEMENT procedure moves individual units around

the grid before actually making the changes permanent in the

database. Three types of movement are possible for the

player's units and one type for the opponent's units:

-* 1. Movement using course, speed and time.
2. Move your unit to any X,Y coordinate.
3. Move your unit a bearing and distance.
4. Move your opponents units based on their present course

and speed.

Option one prompts the user for the unit number,

desired course, speed and time. The future position is

calculated using SIN and COS functions, and then displayed on

the monitor. Option two prompts the user for a unit number

and an XC and Y coordinate, which is then displayed on the

monitor. Option three prompts the user for a unit number,

bearing and distance. This is transformed into an X and Y

coordinate, then displayed on the monitor. Option four is
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not directly visible to the user, nonetheless, it is there.

If the user wishes to move an opponent's unit, option four is

automatically invoked. Option four transfers control to

segment procedure MOVE2.

All movements allow the user the option trace-on

or trace-off. Trace on draws a line from the old position

to the new position. Trace off will not. After making a

move the program asks the user if it should incorporate the

move into the database for the next time-step. If the user

answers affirmatively, the new course and speed for the unit

moved will be entered.

Figure 6 shows three different movements of unit

number one. Note that two movements are with the trace-on

and one is with the trace-off. All unit movements will

remain visible on the monitor until the user clears the

screen.

The MOVEMENT segment can only be terminated by the

user. Once terminated, program control is returned to MOTION.

9. Segment procedure MOVE2

This segment is invoked only when the user wants to

move an opponent's unit. Since the user has no control

over the course and speed of these units, all movements are

based on the individual unit's actual course and speed. Course

* and speed are computed exactly as discussed above in segment

procedure CPA. Once again at least one time-step advance

must have been made to compute the unit's course and soeed.

Assuming the data is available, the user is asked for a
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time-step increment to see the unit's future position. The

only other option allowed is the trace-on or trace-off. This

also works exactly as described above in the MOVEMENT segment.

Completion on the MOVE2 segment returns control of

the program to the MOVEMENT segment.

10. Segment procedure INTERCEPT

This procedure computes the course and speed required

to intercept any unit from any user's unit. Three inputs

are required by the user. Input one is the unit to be inter-

cepted. The second input is the unit number of the intercepting

unit. Note, this unit must be maneuverable by the user. The

final input is the desired time of intercept (minutes). Once

again at least one time-step advance must be made to compute

an intercept. The time supplied by the user will determine

the point of interception, assuming the data is available to

compute course and speed of the unit to be intercepted. An

intercept course is computed and speed is calculated based on

the present position of the intercepting unit and the point

and time of interception. This course and speed is displayed

on the monitor and the user is asked if he wants to make this

course and speed change to the database for the intercepting

unit.

When completed, control is returned to the MOTION

segment.

11. THESISO library segment

The downscale and upscale options are contained in

the SYSTEM.LIBRARY file on diskette TMA1. These options allow
."

the user to change the scale of the display at any time.
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The left arrow key (---) controls the downscale

function. This function clears the display and then redisplays

all units at a scale one half the previous value. For example,

if the scale is 10 dots per nautical mile, it becomes 20 dots

*I per nautical mile after a downscale.

* The right arrow key (-) controls the upscale function.

It is the exact inverse of the downscale function. If the scale

is 10 dots per nautical mile, it becomes 5 dots per nautical

mile after an upscale.

Neither downscale nor upscale have any affect on the

actual positions of the unit's coordinates used for calculations.

These positions are kept in global arrays that are used

throughout the program. The present scale is displayed at

the top of the screen at all times. The scale shows the

relative horizontal distance of ten miles. The user should

note that the same vertical distance appears shorter because

the number of dots per nautical mile is less. Automatic

scaling is not available, the scale will not change unless

the user exercises his options.

12. Segment procedure RECENTER

This procedure belongs in the THESISO library, however,

was made into its own segment because of memory constraints.

RECENTER, as its name implies, recenters the display. The

space bar activates this procedure. The user may recenter

the display on any unit. This becomes very important as the

4 game advances and the targets move.
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Along the top of the display, next to the scale, are

the center coordinates. These coordinates are initially

(50,50) which is the center of the screen. As the user

recenters, the top of the display always indicates the current

screen center.

After recentering, the control of the program returns

to MOTION.

13. Toggle the display

The APPLE II computer has two separate screens, the

text screen and graphics screen. The TMA program tries to do

a good job of anticipating the users needs by switching

between text and graphics. However, the user has the option

of switching between text and graphics on his own by using the

escape (ESC) key.

14. Terminating TMA

The final option available to the user is to terminate

the program. TMA displays the same menu as was shown at the

beginning of the game. If the user selects the TERMINATE

PROGRAM option, the user is asked if he wants to save the

game. This option should be selected if the user wishes to

return later to finish the game. This option creates five

different datafiles on diskette TMA2 for future use. When

-Sthe user wishes to continue the game, answer affirmatively to

that question and assure that TMA2 is in drive #2. The program

will load the appropriate data, initialize the proper variables

* and return the user to the MOTION segment procedure as if

* he had never left.
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V. THE DATABASE

The database subprogram is invoked by selecting the

'BUILD OR MODIFY DATABASE' option at the start of the game.

The database uses random access disk files to build and main-

tain a record of specific unit parameters. Modifications to

an existing database are quickly made due to the random

access structure.

Initially, the program asks the user to enter a file name

for the database. After the file name is entered, two

possibilities exist:

1. The file name already exists on the game diskette.

2. The file name does not exist on the diskette.

If the name is presently on the game diskette, the program

will read that file into the computer. That information will

then be available for viewing and editing. If the file name is

*not on the diskette, the program will ask the user if he

wants to start a new file. A 'no' response will cause the

computer to again ask the user for a file name. A 'yes'

response will prompt the program to ask how many records

are needed for the new datafile. If the number of records is

not known, a best guess is required. The number of records is

necessary to define disk space for random access. However,

if the user decides to extend the number of records the program

will automatically extend the size of the datafile. The program
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will notify the user should the diskette become too full to

extend the datafile. To save disk space it is generally

better to initially under estimate the number of records than

to over estimate.

At this point the user will choose from the following

options:

1. View the present database.
2. Change the present database.
3. Build a new game database.

The option chosen will determine how 'deep' into the database

the user will go. Options one or two allow the user access

only to the upper level of the database. Option three allows

access to both the upper and lower levels. The upper level

consists of the following:

1. Class:
2. Hull number:
3. Maximum speed:
4. Number SAM:
5. SAM speed:
6. Number SSM:
7. SSS speed:

This option is recommended when the user is entering unit

data, but is not ready to start a game.

- The lower level consists of the following:

1. Name:
2. Course:
3. Speed:
4. X Coordinate:
5. Y Coordinate:

This option is recommended when the user is ready to start the

game. These inputs determine the initial starting position

and speed for each unit.
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After choosing which level of the database to enter, the

program clears the screen and displays a prompt line along

the top. This prompt line affords the user the following

options:

1. Help
2. View
3. Change
4. Next
5. File
6. Return
7. Quit

The Help option explains each option. The View option displays

each record for the users inspection. No changes may be made.

The Change option displays each record and prompts the user

for input. Changes are made respective to the level the user

is in. The Next option displays the next record in the file.

The File option saves the present database to the diskette

and asks the user for another filename. The Return option

allows the user to change levels within the database. Quit

saves the present database to diskette and terminates the

database session of TMA.

" *Data entry into the database has been designed to be as

. painless as possible. The program displays the present con-

tents of each field, when changes are required, on the top

half of the screen. The user is prompted on the bottom half of

the screen for input, one field at a time. If a restriction

exists on the range of that input, that range is displayed as

well. Any field may be left unchanged by either retyping

that data or by using the RETURN key. The return key will

.8
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automatically duplicate the present data into the changed

database for that field.

Each record in the database is numbered by the computer.

These numbers begin at zero and continue sequentially to

N - 1, where N is the number of records in the database.

Any record in the database may be viewed or changed at any

time by entering that record number. Random access will

minimize the time required to make minor changes to one or

a few specific records.

There exists on the TMA1 diskette two predefined databases,

BLUEMASTER and BLUEGAME or ORANGEMASTER and ORANGEGAME

depending on which side the user happens to be. These databases

contain ten ships with characteristics from JANE'S FIGHTING

SHIPS. They are provided for the user to use as he wishes.

The user may modify these files or use them as they are in

lieu of building his own database. It is recommended the

user view these database files to get an idea of the type of

7.o input expected by the program.
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VI. THE RERUN OPTION

The RERUN subprogram is invoked by selecting the 'RERUN

MOTION ANALYSIS PROGRAM' option at either the start of the

game or after terminating a game. This option allows the

user to view a fast-time replay of the most recent session.

As mentione: in a previous chapter, all unit positioning

data is saved in datafiles during the game on diskette TMA1.

The RERUN subprogram resets these datafiles and sequentially

displays the unit positions. All TMA motion analysis options

as described in chapter IV are available in RERUN.

There is one difference between the RERUN and MOTION

ANALYSIS subprograms. That difference is in the segment

procedure ADVANCE. The RERUN version is a reconstruction of

past events. When the advance option is selected, the user

is not given an opportunity to examine or change the inputs

to the database (unit course and speed). The ADVANCE segment

only reads the next positioning data from the diskette files

and displays it on the monitor. As always the user can

analyze all unit motion. TMA will terminate when all

available data has been displayed.

Having a RERUN option gives the user a capability to

repeatedly view and review all the moves of a previous

session. It is worth noting that during this subprogram

TMA is self-contained. No interaction between players is

necessary since all positioning data is stored on the diskette.
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VII. THE USER'S MANUAL

* The following is a step by step instruction guide to

facilitate the running the TMA by an unexperienced user.

A. EQUIPMENT NEEDED

1. Two game diskettes marked TMA1 and TMA2 for each player.

2. Two APPLE II computers with 64,000 bytes of RAM (random

access memory).

3. Two disk drives and one monitor per computer.

B. OPTIONAL EQUIPMENT

1. Videx 80 column board with soft-switch installed in

APPLE's slot #3.

2. Color monitor.

C. GETTING STARTED

1. Turn on the monitor.

2. Insert TMA1 into disk drive #1 and TMA2 into drive #2.

Remember to close the doors!

3. Turn on the APPLE. The power switch is located on the

left side of the APPLE in the back.

4. The TMA program is automatically loaded.

D. TROUBLESHOOTING POSSIBLE PROBLEMS

1. No power--Ensure all hardware is properly connected.

If the user is unfamiliar with the equipment, seek

out an experienced user.

2. TMA does not load.

a. Check that the diskettes TMA1 and TMA2 are in the

correct disk drives.
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b. Ensure that the APPLE II is configured as listed

above.

c. Attempt the startup procedures on the second

APPLE. If not successful, the diskettes may be

defective, use the backup diskettes.

d. Seek assistance from an experienced user.

At this point, if the user has been successful, TMA is

loaded and ready to run. Chapters 4, 5, and 6 explain in

detail how TMA works and what inputs are required from the

user. TMA is menu driven and designed to be user friendly.

The author hopes the users enjoy it.
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VIII. AREAS FOR FUTURE ENHANCEMENTS

TMA is a small scale model of what a microcomputer,

interactive wargame can do. As such there is much room for

program enhancement. One reason the author chose Pascal as

the program language is the readability of the code. It

* should be relatively easy for a user familiar with Pascal to

make changes to the program.

The design of TMA has significantly changed from initial

logic to final product. The incorporation of various changes

has resulted in a program that is far from optimal. The

present design of TMA uses all the segments and library

routines that Apple Pascal can handle. Therefore, any changes

other than very small ones, will require the user to somehow

condense the present code.

The present inefficiency of the program is illustrated

by the following example. The procedures that compute a

unit's course and speed are repeated in four different segment

procedures. If this were incorporated into a library it would

only be written once and could be removed from each segment.

There are several occurances of similar situations.

Another method of streamlining the program is by chaining

programs together. The built-in library function CHAINSTUFF

provides the necessary machinery to chain together as many

programs as can fit on a diskette. To use CRAINSTUFF on TMA
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would require the reduction of libraries or segments presently

used by at least one. With chaining the author can create

many separate programs that appear to the user as a single

large program. A user may wish to supplement TMA with some

additional motion analyzing options. Additions such as this

may easily be appended to the present program. If lack of

-*" memory becomes a problem some of the above enhancements will

be required also.

A final area that could be enhanced is the individual

algorithms themselves. The algorithms were written for

clearity not efficiency. Many of the procedures and functions

of TMA could be changed to conserve memory.
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("WO

PROW 1MIY; (THESIS)

USES
TLUTEPMICS,T~4ScU,GETCRT,THESISS;

P123.141592654;

TYPE
SHIPwRECORD

CLASS: STRItSI;
NAME: STRINGIS];
IILLNO: STRINGC8J;
scoSm: INTEGER;
SSPEED: INTEGER;
XPOS.: INTEGER;
YPOS: INTEGER;
MAXSSPD: INTEGER;
WN4m: INTEGER;

SAMM: INTEGER:
NSM: INTEGER;
SSISP: INTEGER
DID;

'JAR CH: CHA;
TT,LFLAGRG LA0C NTI E,LASTW .BUILDNGDBALE: M00EAN;
fLFA6,RWIATAGI .TFLAG2,TFLAG3.TFAG.TFAG.TFLAG6,TFLAG7: BOOLEft.
STPFL,W~FLA.INITFLAG.MUTFLAG4LDFAASSLAS E , I .CASE2: BOMEa4,
CASE6A.flDAMEJOPFLG B05MAN
OKSET: SETOFCHAR;
DTAFILE. FILE OF SHIP,
SLUIST,8LUlEf,MNIST,M4WE: FILE OF REM.;

a ATTlIE: FILE OF INTEGER;
4WCSHIP,TIIIE,OWEe"IE. IGJ,KTMGW,DELTAT ,RECNIM: INTEGER;
FILDWME: STRING1 151;
GCJSWSD: PACKCED ARRAY I.. I6 OF REAL.-
DYOLDO(Y: PACKED ARAY 1..2, 1.. 1 1 OF REAL,

(11MMAWII.TEXTI)

(IUIs:RESM.TEXTU)
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(1I15:CIRCL.TEXTI)

(16115:A~~.TER)

* (1$IU5:WEMEA.T(TW)

(1II:MOVE2.TEX11)
* ... (1I5:REZB4TER.TEXT1)

(ISI05:TINI.TXM)

* BEGIN C TM)
(ISR GETVRTN)

GETCRTINFO;
O9CALLED):=FAl.SE;
TAINIT;
REPET

IF OLDFLAG TDIe RESUME; Cread in old positions
IF INITFLAG THEN 1HAINIT;,
IF CASES Mie HATI~HC;
IF (CASEWAM * (NOT RCTRRLAG) AND (NOTf BLLA) THEN ?AT4F3d;
IF CASE1 TH04 RECENfTER;
IF CASE2 110N DATABASE;
IF (CONTINUE) NO (NOT E3FLAG THEN NOTIG4;
IF (BLFLAG) AM (Nff RCTIFLAG) THB4 SOTMtIIE;
IF (TFLAGI) AM0 (NOT LFM *0 (NOT RCTRFLA6) THE. MOMENT;

9 IF I9RAG TENIMUM;
IF (TFLA62) *0 (NOTf &FLAG) AND (NOT RCTRRAG Tie. MlOTION;

*IF TFLA63 THEN CP;
IF TFLA64 THE. NOTIONd;
IF (TFLAGS AM (NO RRLAG) TiEN ADUAWCE
IF (TFLAGS) AW (WRLA6) THB4 CIRCLE;
IF (TFL4B6) AND (NOT .FLA THEd PIOTION;
IF TFLA67 THEN CIRCLE;
IF RCTRFLAG THEd RECENTER;
IF QUITFLM6 TiEd TWINIT-.

UNTIL STOMFIAG

SEGMENT PROCEDURE TMA!N!T;
VAR *LA6,GFLAGI: ON;

LiE11: SErOFOWR;
PROCESRM PRESTART:-
BEGIN

GOTOW(,11).:CRT(ERASEOS);
NR!TELN;

4 IWITEIN( MBIORY AVILABLE IN 'OADS: ',NEWI);
WR!TELN;
WRIITELt4(' MOTIOd *OLYSIS PR0OGt1PTIONS ')
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WITELN;
WRITELN(' DO YOU WISH TO REM AN MOM (Y/V?'
WRITELNWITELN;
WRITE(' ') l.A6I:=ETCMPA(CKWT4IC1( 13) 1);
Clr(EMSEDS); CRT(ERSEOS);
IF GFLA61 IN C'Y'5'y'] THEN4 OLDFLA6:=TRtE;

ED; ( PBESTART)

* PROCEDURE START;
BEGIN

GoTaXY(a,V);CRT(ERASE0S),

WRITELN(' MOM1 dX*ILAILE IN WORDS: '.?6*IL);

WITELN(' MOTION NKYSIS PROGWI WTIONS: )

WRITELN(' I Notion Analysis Prorm');
NRITELN(' I Rerun Notion Analysis Program');
NRITELN(' 2 Build or Modify Data Base');
WRIT&N(' 3 Terminate Progra');

* NRITELN;

CRT(EVGEOS) tRT(EWSS
END;(START)

PROCEDUR E TRtAGS;
BEGIN

CCNTINIE:*FALSE;C trf to motion from math)
D9CLLE:F~.SE;( set to true if database was called)
INITFLA6:uMSE; ( calls tmainit seg.procedure )
OLDFLA6:=FALSE; ( set to true if player wishes to resume old gme
OLDMf:FALSE; ( set to true if this is a resuption of an old game)
SLFLA:FASE; ( trf to bottoml me
fl*A:FASE: ( trf to rerun
lIIF.AG:=FAl.SE; ( trf to inove2 from movement
TFLAGI:=MASE; ( trf to oement from motion
TRFiLG:=FAl.SE; ( trf to motion from moment
TFLAG:zWASE.- ( trf to coa from motion )
TFLA64.-FALSE; ( trf to notion from coa )
TFLA:*FALSE; ( trf to advance from motion
TFLA6:fASE; ( trf to motion from advance

*TFLA7'FMSE; ( trf to circle from motion I
ICIVTFA:FLSE; Ccalls intercept routine
CASE:F&SE; CcallIs mathfunc seg.procedareI
MAEMFuKSE; Ccalls mathfwic seg.proceire

*CASE:FALSE; ( calls rerun seg. procedure
CAME:=FLSE: * C calls database seg.procedure
W*FFl.A:fSE:( flIag for gralmode)
RCTRPLA:FAL8E;( Calls Mecnter routineI
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QUTRA.u=MSE;( calls tmafanit seg.poceiro)
STOFFA:PALSE; ( tominates tu

DID;

K PROEDI INITF161
VPA I,J: INTEGER;

FOR Imul TO 8 DO BEGIN
FR hut TO 7 00 8E61N

SHIPF6[I,J]:FALSE;
E;

Be;
9'IIPF!GCI,11:u TRU.E;
SHIPFIG4,11Its TRME;

SFO I J.1 TO O HFGC,]a RE

SHPFIG,3]:s TRE;
SHIPF17,51: TRE;

FOR 1:=2 TO 4 DO BE61N
SHIPFI6[I,21u TIRUE;

SHIPFIGC,61:u TRUE;

*~E1 . TMA(lINIT)

TIME:=$;
XCTR:uQ,
YCTRz96;

SCALE:ul;
IF NOT OSCALLED THEM SETFLAGS;
INITFIG;
PRSTART;
INITFLAGuFALSE;
IF OLOWA THEN EXIM(DINIT);
START;
CASE SM OGF

'6' : CAME:=TRtE;
'1' :CASEI:uTRLE;
'2' :CASE2:zTRUE:-

4 DO; (CMS
IF SLAG u'3' liEN STOPFLA:*TRUIE,
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ED; (11INIT)
SEGMENT PROCEDURE RESUE;

Oi,BOLDGOIOOLD: FILE OF REAL;
MISC: FILE OF INTEGER;
J: INTEGER;

PROCEDURE NO9;
BEGIN

I4RITELNC( M&9E TO RESMl ANt OLD(WIE - DATA NOT i"ILABLE )

W4RITELM;
WITELN( MWESIETHE CORCT DISK ISIN DRI
FOR J - I TO 4M DO;
INITFLA:sTRIE;
OLFA:uFASE;
EXIT(RESMf~

ED;

BEGIN

* RESET(01, 'I5:OLDI.DATA');
IF (IORESIT 0 I) TIM4 1106

WH4ILE NOT EOF(900 00 BEGIN
incYI,J:230r; GET(H3C;
O(Y[2,J].-*NW'; G11(300;

* . oJ~c~~= S~'; IET(M0;
* - GSPD(Jh- 3W ; GET(EOO;

J:=iJ. ;
ED;:
FAUE:skl-1;
cLOSE(304.P'GE;

RESET(BOLD, '0:OLD2.DATA');
IF (IORESILT () 6) THEN M196;

WHILE NOT EOF(DOLD) DO BEGIN
OLDUYI,JJ:4OLD; OET(StLD);
aLDl(2,J:6OLD; GET(BOLD);

DO;
CLOSE(NOLD.PUMB;

RESET(ONOI, '45:OLD3.DATA');
4 IF (IOREStLT () ) THEN MSG;
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MHILE NOT EOF(OOD 00 BEGIN
~(Y[,JJu~fr; ET(ONDW;

OXY2,J]:uO; GET(OOO;
J:=J+l;

fMOX4GE:J-1;
CLOSE(ONO4,PtWG;

(1SI-*)
RESET(OOLD, 'I:CLD4.DATA');
IF (IORESLT 0 8) THEN MSG;

WHILE NOT EOF(OOLD) DO BEGIN
Ot.DOVYI,J]:uOCLDA; GET(OOLD);
OLDG(Y2,J]:m4GLDA; GEThJL);
J -=J+ 1;

CLOSE(OOLD,P~U6E);

RESET(NISC, 'I!:ULD5.DATA');
IF (ICBESU.T 0 0) THEN M86;

TIME:mH1SC^; GET(MISC);

BLE .MS^ GETC(HISO);
O~tAw:xNI9cA;
CLOSE(HISCpuR6E):
FOITE(OHNIST, 'H:OQRGOLLATA');
9LFA6.-TRUE:
CE1TIUE:mTRUE;
WJFLAG:FALSE.:
OLDGAE :zTRUE;
SCALE :u 1;

* YCTR:=96;
* REWIRE(OLLIMIST, '#4:SLUEOLD.DATA');

INIlTRLE; TEXT:FALSE;

SEOW PROCEM~R DATABASE;
( PROMiW TO USE RADO ACCESS DISK FILES

( A TEINL-INDEPWU SMREB COMRG.)

* O.ASLD. II;tWfM~lD IS:IILNOLDM6:ScCISELE*3:.SSPVLD02:,
VO3 fw;YPOSLw3.SC04lLS2

FIICG YES: B001111;
BEGIN

YES:u GETH(I'Y','y','N','n'1) IN t'Y','YvI;
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VAR SUSSRIL: BOOLEAN;
BEGIN

BOTM(Y(8,6); CRT(EWSEMS; OUT((Y(8,2);
NRITELt(' 'IM DATABASE MAIN MENU ')
WITELN;
IWIITELN(' (A) View database )
WRITELN(' (B) Change database')
WITELN(' (C) Build nh w database'1);
I4RITEL.N(' (0) Quit')

* NRITELN:.

GOTOM8(.8); CRT(ESM;
IF CH IN t'C','c'] THEM
9IJILD1NGW~RUE

ELSE
BUILDING:FALSE;

END, ( Mnu)

PROCEDW ZERORECQVR REC: SHIP);
BEGIN

WITH REC 00
BEGIN

SCORRSE:mf;
SSWE:@;

YPOS:4@;
PRXSVSPO:4;

END:
END;

PROCEtM VALIDTEAR REC: SHIP),

( TRIES TO DETECT AN ZERO AN UNINITIALIZED RECOM
(NO CIWIGE IF ALL FIELDS ARE '&AID.)

PROCEDURE CHECK(VAR Sj STRING; IW(LEN: INTEGER);
LBIEL 1;
'JAR I: INTEGER-.
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* BEGIN
IF LENGTH(S) )% THEND S14 OTO I;
FOR 1:-1 TO LEt(S) DO

IF NOT (S(11I IN I .'')10 GOTO 1;
EXIT(CHECIO ( STRIN6 IS OK

1: ZEROEC(RE); EXIT(ALIATED
ED,; CHECK

BEGIN CVALIDATE)
WITH REC 00

BEGIN
CHEC(t1LASS,CLASSMO

* cHlEClKO4ULNO,HILNOLDO

DO; ('VALIDATE)

PROCEDURE SHCDEC(REC: SHIP);
BEGIN

GOTM(1(G2); CRT(ERSEOS);
WITH REC DO

IF NOT BUILDING THEN
BEGIN

WITELN('Class: 'cLASS);
I'IITELN('I'viJ no.: MiLLNO).*
WITELN('Nax speed: MXSSPD);

WRITELN('PM Speed: /,~Sm):

- - NRITELN(ISS Speed: ',S9SPD);
END

ELSE
BEGIN

WRITELN( 'C2 ass: 'CLASS);
NRITELN('Nam: NM)
WITELN('HubI no.: ,HLLLNO);
WRIITE.N('Course: f,SCOURSE);
IITELN('SpWe: ',SSPEED);
WITELN( 'X Coordinate / ,XPOS);
I4RITELN( 'Y Coordinate ',YPOS);
WRITELN( 'Max speed: / MSSPO);
W RITELN('U SAM1: s
WRITELN(SA Speed: I~SM);

-. ITELt('l SOM: 'NSSO;
WRITELN('SSI Speed: /,39050);

ENN:

PROCEDURE CHANBEREC('R REC: SHIP ;SSPOLDI,MNSPD24?SLLENWI24.3CORSELEN,

52



XPOSLEN,YPOSLEH :INTEGER);
SE61N
IF BUILDING THEN

BEGIN
G0TC(U,1!D; CRT(ERSEOS);
PROMPTAT(5, '(Pruss return for no change)');

aE
BEGIN
GGM((S12); CRT(ERSEOS);
PROPTAT(2'(Press return for no change)')

WIM, REC DO
IF NOT BUILDING THEN
BEGIN

G0TW(l(,I4) ;NRITELIM' ALL NUMERICAL INPUT AM INTEGER' )

* WRIE('Class: 9): GETSTING(CASS,CLASSLB0 WRITELN;
WRITE('IuaI no. *'); GETSTRING(NULLNO.HILLNGLD; NRITELN;
WRITE('Nax speed: ')oETINTEGER(t~xSSPDSSPDLBO ;NRITELN;

* NRITE(I SAM: G) ETINTESER(NSMNM4SLLOO :lIITELN;
1'IITE('AM Speed: ')OETINTEGER(SAMSPD,NSPDLEN) ;!RITELN;
WRITE('I SS3-: '); GETINTEGER(NS9NMSLL0O;WITELN;
WRITE('SSH Speed: 1); GET NTEGER(S319,SPD L0OU;WITELN;

* - END

* aE
BEGIN

90TG(YS,17) ;9WITEU(' ALL NUERICAL INPUT ARE INTEGERS!!'
WR!TE'Nus 9); GTINWNAEWLEN; I4RITELN;
I4RITE('Course. (8-3d8)')
REPEAT
GETINTEGER(SUEIScCUSELDO
UirIL (SCOURSE (a 361) NO) (SCORSE )z 6);NRITELN;
WITE('Speed: (U-Muaspd) )

REPEAT
GETINTEGERSSPEEDSSPOW9O;
UNTIL (SSWE )= 9) AN0 (SSPEED (z tSSPO ) ;WRITELN;
WITE('X Coordinate: (0-118) 9
REPEAT
GETIt4TEGER(OS 1XASM O
ti4TIL( XPOS )=@) *40 (XPOS (a130) :NRITELN;
WRITE('Y Coordinate: (1-IN8)
REPEAT
GET! T0E(YPOS,YMOSB

*1 W4TIL(YPOS )=4) *40 (YPOS (a 160) ;WRITELN;
END;

DO; (OwaEC)

PROCEDURE "IELE;
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VA UESSFUL: BOOLEAN;
IREc,?mxREC: INTEGER:.

BEGIN
BUILDING.-FALSE;

LOE(CATAILE,LOWO; (IN CASE IT'S ALREADY OB
(ISI-31)
REPEAT

WOK(S, 1): CRT(ERSEOS);
GOTO)C(0,2) ;
WITELN(' fIA Master datafile is : OLUONER'
WITELN(' 711 Got datafile is : BLUEMI ');
WRITEU(' For new database use different name. )
PRWl1AT(.'File Nam: '); REAINN(FILBWID
RESE(ATAILEFILDMf; TRY TO OPEN AN4 OLD FILE)
SUCESSFIL m (IOREStLTW):
IF NOT SUCESSFUL THEN (START A NEN FILE?)

BEGIN
PROIPATl,'Start a new file ?
IF YES TIO

BEGIN
R841ITE(DATAILE,FILDMI;
PROIPAT(12,'Reserve how many records ? )
REAOLNQMRC) ;
SEEKWATAFILE,MWXEC);
ZERORC(ATILE^);
(ISI-I)
P T(ATAFILE;
(16141)
IF (IOREStI.TOI) OR EDF(DATAFIL THEN

BEGIN
PRWPAT(14,'Not enough rom. Press return )

REAOLN;
SUM~SSFUL:=FALSE:

ED
ELSE

BEGIN
(INITIALIZE CONTETS OF FILE)

FOR IREC:4@ TO MXREC DO
BEGIN

SME(DATAFILE,IREC);,
KIT (DTAILE);

ED;
M.OSE(CTAFILE,LOOO; ( LO~l( IT IN PLACE)
RESET(DATAFILEFILMM E;
SUCESSFIL :a (INRSUL.T 0 );

ED:
D;

END;
WUIL SIJCESSFI;
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REDO:-I;
L490*WE:FM.SE;

DO;

PDROM OWEE;
BEGIN

REPEAT
PRM9AT(2,'Change which record ?
REALNREOIIH;

LINTIL IORESLT0;

SEEK(fATAFILEREOW.I9
GEMT(ATILE;
IF EOF(DATAFILE TlH4 C DaING FILE )ZEROMEC(ATAFILEA)
VALIDTE(DATAFILE^);

cIWIGREC(ATAFILEA ;

SMl(DATAILE,REOUO);

Pff(DTAFILE);

IF (IORESU.TOO)OR EO(ATAIW M10

GOrw(Y1s,21);
I'IITELN(CR(7),'WM TO EXTENO, FILE, NO DATA WRITTEN');
WRITELN('Use Filer K(runch cand to make space after file.');

ISCIMNGEOTRUE;

PROCEDURE VIEW;
BEGIN

("1-4)
REPEAT

PRWfAT(2, 'View which record
REAOUN(REOUO:

WINTIL IOREST4;
(MI**
SME(DATAFILEREOUO;

IF EOF(ATAILE) THEN
BEGIN

I'IITE('Record ',REDtt9~' not in Mie.'):

55



DO
ELSE

BEGIN
VALIOATE(DATAFILE);

* - SMSC(DTAFILEA);
90;

* LASTOWGE:UFALSE;

VIENOR E NET RECORDO

RECLH:REOMH 1;
SM(DTAFILE,EOUD;

BET(DATAFIWE;
IF EGF(ATFIL THEN

BEGIN
* . ZEREC(DATAILEA);

IF NOT LASTOIGE 1104
BEGIN

GOTSM0(,41);
WRITE('Record ',REOLI,' not in file.');

BE;
BE;

XGOT(Y(,I); WITE('Record ntum 'r~ a~
VA.ICATE(DATAFILE)
SlMfC(UTAFILE^);
IF LASTCIW4GE THEN

BEGIN

XPOSLEN7YPOSLEN);
SEEX(DATAFItE,REOO;
(USI-*
P J(DATAFIWE;

IF (IORESU.TOO) OR EOF(DTAFILE THEN
BEGIN
GOTOXVY,21);

* ~ ~WITELcIR(7),'1iAILE TO EXTEND FILE, 4O DATA W4RITTEN');
IRITELN('Use FilIgo X(runch cinand to ale space if ter filIe.');

ND;

PROCEDURE INSTRUCTIGIS;

CH 01AR;
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BEGIN

EWRITELN(' MM THA DATABSE EDITOR ');
"RITLN;
WRITO.N(' This module of the progrm allos you (the user) to ');

RITELN(' VIEN or CWIGE an existing data base. ');
.. ITELN(' In addition you may create a no data base by using the ');
WRITELN(' FILE command.');
WITELM;
IITELN(' You begin by entering the FILE Wf of the data your ');
WRITELN(' interested in or the FILE NRC of your HN data base. ');
WRITELN;
WRITELN(' For examole: the file WO MT contains the aresent ');
WRITELN(' l ibrary of Orange ships in the Master TI data base. ');
WRITELN(' Likewise, for the file BLUO TER. ');
WITELN;
WRITELN;
kIRITELN:
WRITELN;
-RITELN(' < HIT SACEBR TO CONTINUE > ');
READ(KE9YBORD,OD;

EDD; ( INSTRUCTIONS)

PROCEDURE HELP;
BEGIN

GOTFY($,4); CRT(E OS);
WRITELN(' I HELP : Explanation of options I

-RITELN(' V)im : To look at the selected database ');
WRITELN(' C)hange : To change any/all elments of the selected database');
•RITE]LN(' N)ext : To page forward to the next record ');
WRITELN(' F)ile : To close the file being worked on and start another');
WRITELN(' )eturn : To return to the master menu ');
lIITELN(' I~eip : To display this table of exolanations ');
WRITELN(" ()uit : To terminate the database manipulation module ')

ENo:

BEGIN ( MAIN PROA }
OCLSE(BLUIE,LOCKO;

CLOSE(OLUHIST,LOC.;
CLOSE(0f#*4E,LOaO;

LOSE(MOWiIST.LOCO;
CLOSE(ATIHE.LOCIO;
CASE2.:- FALSE;
INITFLG:=TRUE;
GTW(Y(O,$); cRT(EMSEOS);
INSTRWTIONS;
NEWILE;
DOCALLED:-TRUE;
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REPEAT
* . IF NOT BUILDING THEN

PROMPTAT(S,')DOWSER: V~iw, M~ange, N(ext, F(ile, R(eturn, lOelp, (Duit')
ELSE

PRO9PTAT(S,')DBUILDER: V(iew. M~ange, N(ext, M~le, R(eturn, H~eip, Q(uiti);

CRT(ERASEMS;
CASE CH OF

'F','"f ': NBIFILE;
",V V: VIEN;
'C','C': OWKI;
R ,'r': MENU;

IWTIL CH IN ('O','q'1;
cLOSE(DTAFILELOaO;
PRMVAT(12,'FINIS4 DATA BASE MANIPULATION ... 1);

INDEX: INTEGER;
L: CHAR;
RFNM: STRINK[135]:
GNIE: STRINGU81I;
GCCMtSVME,XY: REAL;
SM~SSFUL: BOLA;

PROMMIRE MSTART;
VAR

KU SUL: BOOLEAN;
BEGIN

SlUJSSFL:TRJE;
IF DOCALLED THEN RVqE:=FILDWE
ELSE

REPEAT
DICALLED:=TRUE;
GarTmDY(u,a) ;CRT(ERSEOS):
GOTOX'(M);
IF NOT SUCCSSFUL THEN
WRITELN(' That File Name is not on this disk!!')
WRITEJI;
WRITELN(' MDIGR NAILABLE IN WORDS: ',l9WMIU;
WRITRN:NIITE&N
WRITELN(' Default THA game file name is OLIEMf'
WRITELN(' If you have preiusly saved another got')

ITEU4(' database 't wish to use tvpe that file nmu in.
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PRWFAT(12,' Filt Mug: ');READLN(RWE;
FILE:uFNWlE;

qESET(TFILEMMf; (TRY TO WEN AN OLD FILE)
SM~SSFULm( IONESULT0);

UNTIL CESSFUL;
MLOSE(ATAFLEgLOOO;

ED;

PROCEDURE MINITMAR REC: SHIP);

PROCEDURE TRNSORM;

ThOPI: REL

GX:z GMc2.8;
BY:= MY1.92;
GaNm.SEICIM(P!/186.S);
WHILE GCOURS ) 11W!P 00

8IOURSE:w (G INSE - TNOP!);
ED;

ED; (TRAFORM

PROCEDURE INUTDISP;
VAR XY: INEGER;
BE61N ( INITDISP)

* - P9ICOLOR (IMOE);

Y:uRLI(GY);

DRAWTOC(Y); 2l~,,V Y 1)

NUMBER(X,Y, INDO;
ED; ( INITDISP)

PROCEDURE STARMAY;
BEGIN C SETAMIY

D(Yt2.ND Y

in.UUE*:%S;PUT(BLUID;

9LUHIST*:m;UT(BLUHIST);
KI.4!T:4Y;PUtf(9LW4IST);

DO, ( SErAIMY)

BEGIN C NNIT
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INITRYLE; T(CUE; TDXT:- TRUE;
REDOI:l;
RESET(ATILE,RMI;
REMITE(RWIIST, '04ILLEGLDTA');
RDITE(8LUOl, 'I5ABUDiOWI.TA');
WHIlLE (NOT EOF(DATAIE) 0hI (PEON (13) DO BEGIN

* SEEK(BATAFLEgREOWI;
GET(DATAFIWE;

* .WITHREC DO
IF (LEBH(CLAS) 1) AN (tWSSP > 1) TI4 DE61N

INDEX :=4E01H 1;
?WCLUE.-INDEX;

* -- GSPEE:=SSPEED;
OXaXPOS;

TWOOM;
SETARMAY;
INITDISP;

DID;

M.OSE(DATAFILELOCOO;
CLOSE(OLUIE,LOOO;
BLLIISTA.- -9M9; PFtff(OLUHIST):
W*MD; TWX:FALSE;

* CMIEA:=TRUE;
MLFAGOuTRUE;

* EXIT(MATHFU4);
90D; C MINIT)

PROCODW GETDATA;
VAR J: INTEGER;
BEGIN

REWTE(MMIST, '#4:ORMGD.DATA');

RESET(0W4WE, '15:0004OI.TA1);
SIJESSFUL:= (IORESLT@);
IF NOT RSUCESP 10 EIT(GETDATA);

WHIILE MNT EGF(=r4D) UdD( (a 18) DO BEGIN

OIISTA4(YrIJI; M Mf(~IST);
ORnlSTA:U(Y[2,Jl; PUT(OmiIST);
J:UJ + 1;
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MAXOMNE:= J - 1;
O31ISTAm -9999; PUT(ONHST);
MLOSE(OMMf,LDOO;

PROCRE FRME;
* BEGIN f firstupms

cGWINUEi'TRUE;
TEM~UDE; TEXT zaTRUE;
SUC:CESSFUL:*TRUE;

ATIiEA :-TIME; PUT(ATIE;
REPEAT

6OTMCY(,8); MREMOS);
* - GOX~Y(9,3);

WRITELN(' ' FOLLW THESE INSTRUETIGIS 1! );
WRITELN;
WRITEUN;
IF NOT SUCCSSFL TH04
WITELN(' I ERROR HAS OCCUED WHILE TRYING TO READ DATAILE ON DISK 12 1')
WHITELN;
WRITEI.NC' 1. R9E WE DISK FROM DRIVE 1 2')
NRITELN;
WITELN(' 2. EXCHANGE DISKS WITH OPPOENT')
WRITELN;
WRITELN(' 3. PLACE OPUG4T'S MPTED GME DISK IN DRIVE # 2 )

WRITELN; WEITELN;
* WRITELN(' PRESS RETURN HEN READY > )

WHITEIJ4;READLN;
GETDATA.;

114T1L SUCCSSFUL;
0RlM zOA6M 1;
BLFLMB.=TRUE;

ED;

PRCDR MO~M

ME~GME; TEXT:- TRUE;

WOT(Y9,8) :,CRT(EMSES);
PRWPAT(I.') You have the following choices 1);

WRITELN(' A) Return to DATAASE ( for changes ) );
WRITELN(' 9) Continue wsith the gum'),:
WRITELN;
4ITELN(' QMuit (terminates program) )

L.-GETCHARCCKSE;
* CAM L OF
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'8','b,': FIRSThMJE;

BEGIN ( MATHFNC)
(ISR TURT.EGAPICS*
(ISR THESISP)
CASE:uFA.SE;
TIE:@;
IF NOr CASESA THEN NSTART;
IF NOT CASESA THN MINIT(DATAFILEA);

REPEAT
a SET:=(' 'I;
L:-ETfO(OSET + (CH(Zh),CHR(9) ,CHR(21) 1);
IF L-WH( 8) THEN L:x'D';

* -IF LaCH(21) THEN L.u'U';
CASE L OF

'U' :BEG1N
LIPSCALE;
WWWA~sRUE;

CASEM:OTRUE;
EXIT(MATHFUN0;

ED;

' D 
' B E G I N

CASESA:TRLE;

ED;
BEGIN

RCTRFAGOTRUE;
CAME:uTRUE;
EXIT(MTHFUND;

ED;
ED;

UNTIL L = OR(27);

ED;
SEW PRCDI MOTION;

* MFLAG1: 30011m

PROCEDURE DISTSPO(OX.DY: REAL,,W DISTSPD: REX)i;
BEGIN

DIST:- S1T(SGR(M0 SQR(DY));
SPD:u DIST/DELTAT 1 61;

end;
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RHICTION DEGREES(KDY~: REAL) :INTEGER;q
CsT ER - 8.81;
VR VALUE: INTEGER;
BEGIN

IF (D( (S4ER) 40 (DX) (-ER) THEN BEGIN
IF (DY ( (IERR)) AND (DY ) (I-ERR) EN DEGREES - I;
IF DY ) I THE~ DEGREES "= 1GR;

IF DY ( I THEN DEGREES : 361;
E)IT(DEGREES);

IF (DY ((.ERR)) O (MY) (I- )) THEN BEGIN
IF ) I THI DEGREES : 278;
IF M< I T DEGREES :- 89;
EXIT(EGREES);

VALLE :a ROU)(IS / PI V ATiN (OX/M);
IF ABS (VALUD 0 VAUE TH84 BEGIN
IF OX ( I THEN DEGREES:- 10 1 # AUE;
IF DX ) I THEN DEGREES:= 361 + VAUE;

END
ELSE BEGIN

IF 0K) THEN DEGREES:- 186 + VALLE;
IF OX < I TM DEGREES:- VALUE.

DO0;
0m;

PROCEDf DISPLAY;
VAR J,X,Y: INTEGER;
BEGIN

P•NCOLOR(NME);
FOR J:- I TO MAMULE D0 BEGIN

X:zROUND((8(Y[ 1,J]-XCTID/SCALE)+ 140;
Y:-UND( ((Y[2,J]-YCTR)/SCALD +96;
MOJET(X,Y);

* DILOCX(SHIPFIG,2,8,8,7,8,X,Y, 11);
N.IIBER(X,Y,J);

END:
FOR J:-l TO WOA(4GE DO BEGIN

X:ROW((D(YE IJ3-XCTR)/SCALE) 14I;
Y:-ROUND((EY 2,qJ]-YCR)/SALD 496;
1OIE" (X'X;

DWLO(SHIPFI6,2,l8l,7,8,X,Y,5);
LE.TER(X,Y,J);

GMMF:IElTT:=FALSE;
DO;

PROIEtJlE 'fYOUSIDE(TIT: 0ARR;VR XY: INTEGER);
VAR J: INTEGER:
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XX,Th: REAL;
BEGIN

J:zJ+1;
X:=RO(XYI,JI);

PRCIEMIE OTHERIDE(TGT: O1A;VAR X,Y: INTEGER);
VAR J: INTEGER;

)YY: REAL;
BEGIN
IF TOT IN THEN'jJ 10 J:ORDTGT)-ORO(a') ELSE

J:4RD(TGT -CM('A*);
J:J+1;
X:ZRMLi(YE ,JDl

* Y:=RMOL~((Yt2,Jl))

VAR
XI,X(2.YI,Y2,DISTX,Y,I: INTEGER;
DISTANCE,CELAX,DELTAY: REAL;
TARGET 1,TARGET2: CIPA;

BEGIN
X:24;Y:zo:
GWPICE; TEXT:=FALSE;

PEMCOLOR(bI4ITE);
BMSTINB(3,2,' RMG: LETTER / NMtER OF !ST SHIP')
TARGET hzGETCIAR(OKSE'P;
IF TARGETI IN('S'..''JTHEN YOtISIDE(TARGETI.XY)ELSE OT)ERSIDE(TARGET!.XY)
XI:=X: YI:-Y;
9BCSTRING(3,2,' VWIG: LETTER / NUtIBER OF 2ND SHIP')
TARGET2:=GETOM(OKSET);
CLER;
IF TARCET2 INU'I'..'9'ITHEN YOIRSIDE(TARGET2.X,Y)

ELSE OTHERSIDE(TARSE72,X.);
X2:=X; Y2:uY;
DELTX:m X2 - X I: CEL'AY:= Y2 - YI
DISTMcE:uSGrT(S0R(DELTAX / 2.8) + SGRDELTAY/ 1.32));

* ODIST:uRJI(DISTANCE):
XI:RGLH((XI-XCMR/SCALE)148-
Y1:UW( (Y1-YCT8)/SCALD 96;

94EMOR(NHITED;
X2:4ROMI(X2-XCTR/SMAD + 140.,
Y2:RCLHD((Y2-YCTR/SCAD +94:
FUJET(X2.Y2);
P64CMOR(NGEM
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KFOR I:= I TO 2N6 DO BEGIN

GOTG((,W);CRT(ERSEOS);

WITELN(' The distance fro *,TARGETI,' to ',TARGET2,' is ')

WRITELN:-
WItrE (' $,DIST,' NILES!')
WRITELN;NRITELN:WITELNt
WITELN(' PRESS RETURN TO CONTINUJE) ;

TEXI1IUE;TEXT:mTRUE:
READLN;

PROCEDURE INTERROATE;
VAR COURSE,X,Y,TGTI INTEGER;

TARGET: ON~;
SPD,DX,DY,DIST: REAL;

BEGIN
GOTW(Y(,S; CRT(ERASEOS);
GOTXY(,6);

WRITEI.N( The course and speed of ship I ,TARGET,' is ')

WITEIJN;
A1EImi ',C3I3m, Degrees ',ROO(m), Knots )

WRITEL ITELNWRITELN;
WRITELN(' PRESS RETURN TO CONTINUE > )

TE)XTMODE;TEXT:-TRJE;
READLN;

PROCEDURE MESSAGEJ;
BEGIN

* TD(ThOOE; TEXT:= TRUE;
GOT)CY(8) ;CRT(ERASEOS);
GOTDY(,6);
NRITELN(' Not enough data to copute course spweed')
WRITELN:WRITLN:WRITELN;.
WRITELN(' (PRESS RETURN TO CONTINUE) ;

REAOLN:-
I(1TERROGATE);

END*.

BEGIN ( interrogate)
IF OW499 (= 1 THEN IfSMGI;
X:24; i:o

A4MIDE;- TD(T:FALSE;
BOSTRING(32,' INTERR: ENdTER LETTER /NUMBER OF SHIP )
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TARGET:=6ET0lA(OKSET)

IF TAWGE IN [VU'..'913THEN BEGIN
TGT:zR(TARGET) -ODI)

TT:=TGT + 1;
DX:4OLDU(I,TGT] - BXYC1.T6TI;
DY:uCLDB(YE2,TGTJ - W1Y29TOTJ;

ELSE BEGIN
IF TARGET IN 'a.jiTHEN TGT:0OD(TARGET)-ORD'a') ELSE

*TGT:QRD(TARGET) - RDCA')*;
TiGT:zTGT + 1I
DX:-LDOVYC1,TGT3 - OXYE 1,TGT1;
DY:=OLD0XYI2,TGT] - W(Yt2,TGTI;

* END;
DX(:=( / 2.8;
DY:4Yf/ 1.92;

* TEXMhOE; TEXT:vTRUE;
OURSE:20EGREES(OXDY) 0
DISTSPD(O(,DYqDIST,SPD);
MESSAGE2;

PROCEDURE STARTIT;
BEGIN

IF M*FLA6 THEN BEGIN

TEXT:xFALSE;
F"A:uFMSE;

END
ELSE BEGIN

TE(TMODE;
Ti)(T :TRU)E:

END;
END;

PROCEDURE STOPIT;
BEGIN

RRFLAG:=FAL.^E.
EMTODE; TE(T:RJE

2UITFLAG:zTRUE.-

* END;

PROCOURE PM

CHI: 0mR;
BEGIN

4 STARTIT;
REPEAT
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.

GOTM.Y(9,8) ;CRT(ERAMS);
GOTWY(I,5) ;
WRITELN(' A) Adance to next time-step ');
"RITELN(' 9) Draw range circle around a saecified unit ';

WRITELN(' C) Caute range between units ');

WRUEITN(' 0) Determine CPA CLOSEST POINT OF AFPR(CH BETWEEN UNITS Y);
WRITELN(' E Cmputq and display Course and Speed of units ');
WIITELN(' F) Check / Change mammnts of a unit ';
.RITELN(' 6) Compute Intercept from one unit to another ');
WRITEN(' H) Clear screen ');
,'PITEL;
WITEL.N(' 0) QIT THE TM R ');
WRITELN;
WRITELN(' R(-3 Domscale disolay ');

*' NRITELN(' [-)] Upscale display ';
ITELN('[soace] Recenters display '

WRITELN('EE]SC Toggles disolay between text and graphics '3;
• -.' CH:zGE TD1(OKSE'T [C1R(27) ,CHR(S) ,CHR(21) ,CHR(32)]) ;

CRT(EASEOS);
* -~IF 0006I(0) TiEN CH:='R'; ( left arrow ) reduce scale 3

IF CHxC(21) THEN CI:='I'; C right arow ) increase scale 3

IF (ClKClE(27)) 9D (TECT) THEN BEGIN
G R.-OoE;
TEXT:-FALSE;

ED
ELSE IF (C9CHR(27)) t (NOT TEXT) THlE BEGIN

TEMTODE;
TECT.-TRtE;
CH:Z'Z';

END:
CASE CH OF

'A','a': BEGIN
TFLA65:=TRUE;
-XIT(MTION);

END;
'9 'b" : BEGIN

TFLA67:=TRUE;
' .. EXIT(MOTIOM);

ED:

" '0' 'd' :BEGIN

TFLAG3:-TRIE;

£(IT(NUTIG)O;

EO;
'E','e': INTERROGTE;
'F','': BEGIN

4 TFLA6i :=TRLUE,
EXIT(MOTION);
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'Gg:BEGIN
IMPFAGOTRI.E;
BLRAG:r-RUE;
TFLAG2-.TRtlE;

'NW,'h': BEGIN
INITTLJRTLE;
SLFLA6:-TRUE;
C~ff INUE :4RUE;
EXIT(IOTIGO;

11' BEGIN

OLFLAG:=TRE;

TFLA62:uTRII;

'III BEGIN
LFSeALE;
GLFAM:=RtE;
TFLA62:-TRUE;
DIT(MOTIO;

'' :BEGIN
XCTRFA:=TRt)E;
TFLA62u-TRUE;
EXIT(HOTIGO;

EEND;

IF (CHIRI a) OR (CHI a 'I'*) OR (CHIz'' THE GRMME;
IJIIL CHI IN I '2','q' 1;

3EGIN ( mtion
(ISR TUMOEGPICSO)
(USR flESISOX)
(QSR TR*V.M~D)

'F (TFLAG6) OR (CW4INUE) THIN DISPLAY;
CWIE:MFALSE.:
TFLAG2:2FAL.SE;
TPtA64:xFALSE;
TFLjA36:=FALSE;

SEIB PROCEDUR CIRCLE;
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PROCEDURE CIRCPMRT;
VAR

XY,?,?f,I,RANGE,RAGELEN: INTEGER;
RX,RY,MOIUSTHEA: REAL;
TAWE: ON~;

*Off: BOOLEAN;

PCEUEYOURSIDE(TbT: CHA;VAR X,Y: INTEGER;
*V'A J: INTEGER;

BEGIN

X:ROUMD((W 1,J] -XCTR)/SCALE) + 140;
Y:ZROLHD( (I(YI2,J-'fCTR) /SCALE +96;

END;

PROCEDURE OTHERSIDE(T T: CHAR;A XY: INTEGER);
VAR J: INTEGER;
BEGIN

IF TOT IN ~''.j1THEN J:=OR(TGT)-ORD('a') ELSE
J:4RD(TGT) -ORD('A');
J1UJ+ I.-
X:=ROIM((C(YI ,J] -XCTR)/SCALE)+141;
Y:ROIM((CXY[2,J-YCTR) /SCALE) +96;

BEGIN ( circlowat)
(I$R TURTLEGWHICSX)
(ISR TM4NSCEND)
(l$R THESIS00

TFLA67:-FALSE;
TFLAG2:-TRUE;
DOT:-TRUE;
RANGEL:3
GRIODE; TD(T:=FALSE;

PE4COOR(IHITE);
8OXSTRIN(3.2,' CIRCLE: VZ~R LETTERVNUl9E OF ORIGIN 1

:F TARGET IN E''.9JTHEN YOURSIDE(TARGET,X,Y)
ELSE OTIERSIDE(TARGETX.Y);

BUSTRING(3,2,' CIRCLE: ENTER DESIRED WaG OF C!RCU ')

FOR 1:z I TO 111 00 BEGIN

4 )(::(MDIUS2.SIN(THETA)/SCALE+X);
RY:(WIISI.92OS(TETA)/SCXE+Y),
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V'4XuROLWD (RX);
?f:zROUND (RY);

MWIEO(X,Y);

END;

PROCEDR ADVIPMT;

VAR TESTVALUE: REAL;

PROCEDURE MGJEIT;

PROCEDURE MSG@;
BEGIN

GOT(DY(M,); CRT(ERASEOS); GOTIM(Y(,3),;
WRITELN(' ( THE RERUN PORTION OF TMA IS TERMINATED >)
.4RITELN;
WITELN(' NO MORE DATA DUISTS ON FILE')
WRITELN;
WRITELN(' THAWC-YOU FOR PLAYING TMA PRESS REflR4 TO CONIT!IE )
TThODE; TEXT:'sTRUE;
REAM;
TFLAGS:-FALSE;
MRMA:2FALSE;
GUITFLA:uTRIJE;
EUT(CIRCLE)

END;

PROCEDUR GETBUEL
VAR J: INtEGER;
BEGIN

TESIVALUE:l;
WHILE (MOT EOF(9LtMIST)) AND (TES7'VALUE > -0") DO BEGIN

GE(BLUNIST):
!F EOF(BLUHIST) THEN MSG$6;
IF J) 19 THEN EIT(GETBLIE';
IF TEPA.WUE < -999 THEN EXIT(GETBLUE);

SXYE I qJI :m9LUHISTA;,
GET(BLUMIST);

3(Y(2,J1 :4LUHISTA;
JguJ + I;
AXLUE:, J - 1;

DID;
END;

PROCEDURE GETOA0NGE;
* VAR J: INTEGER;
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BEGIN

TESr~AE:4$;
WH4ILE (NOT EOF(MtilT)) AMC (TES\AUE > -999) DO BEGIN

GET(OWIlSfl;
IF EOF(OHIST) THIN MSU0;
IF J ) 1i10 THE EIT(BETONdGE;
IF TESRW.IE ( -999 THEN EXIT(GETOAWE;
OLDOXYCI,J]:2 O(Y119j3;
OCY I IJJ:UOU4ISTA;
GET(OWST;

WMMr2,J := (DHI(2J;

J:=~J + 1;
MAON46E:11 J - 1;

END,

BEGIN ('oi t)
GETBUE;

BLEO.mLUOVJE+ 1;
GETOEE:

TFLA6:uTRUE;
GRAFFLA6:=TRUE;
GET(ATIE;
DELTAT:UATIMEA4;
TIME:-T IslE + OELTAT;
9LFLA6:=TRUE;
EXIT(AOV1PART);

PROCEDURE AN;

CHi: CHAR;
BEGIN

1F GRAFFLAG THEN BEGIN
WRNDE:
TEXT:sx FALSE;

ELSE BEGIN
TO4DE,
TEXT :zTRUE;

END;
REPEAT

OIKSET :z('A', a' ''q
G0O)i(Y(I,8) ;CRT(ERASEOS):,
GOTXV(9,5);
MITELN(' A) Advance: move shinvs to ntw oositions based on time-stec');
WRITELN(' 9) Quit :return to orooram's Outer level )
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WRITELN;WRITELNWRITELi4;
WRITELN(' IM USE @ESC6 KEY TO TOGGLE BEDIEEN TEXT APO GM~ICS )111 ');
CH-uGMMc(CKSET+ tO!R(27) ,CR(8) ,Ci(2I) ,at(32)D:-
CRT(ERASEOS);
IF C)$HR() THEN a4.s'R'; ( left arrow ) re#ice scale)
IF CIKHR(2I) TIN CHWmI'; ( right arrow) increase scale)
IF (ClKC(27)) " (TEX) THEN BE6IN

G6RMO; TEMT:FALSE;

IF (000 (27)) R (NO TEXT) THEN BEGIN

CASE C4 OF
'A','&': NUJIT;

'$ BEGIN
O4N4SALE;
OLFI.AS:*TRtfE-
TFLAGMzTRUE;
EXIT(AWIPMTf);

END;
'' :BEGIN

UPSCALE;

9LFLAG:TRLE;

END;
BEGIN

RtCTRFLAG:=TRUE;
TFL.AG5:zTRUE;
EIT(ADJIPART),

EEND;

IF (0H 2 R') OR (Of I VI) OR (CH 1 ) THEN BEGIN
WAMDE; TEXT:= FALSE;

INTIL CHi IN I '0','q' 1;
TEX1OE; i EXT.-TRLE;
TFLAS6:xTRtlE;

BEGIN ( advpat)
(I$R TWRLEGMPNICSY)
MRt TI4ESISIM)
TESMUEu;
TRLAG5:uMALE;

ED; (adv I
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BEGIN (cast
IF TFL.A67 THEN CIRCPART;-
IF TFLA63 THEN4 ADV1PAT;

* - END;
SESIBI PROCEDW MA4 4CE;
VA TOT: INTEGER;

PROCEMDS lUJIT;
*VA I OELTATLEN: INTEGER;

NW,%ff: PACKED AWY II1.. 3] OF REAL;
9XSUL: BOLEN
VW: EAL;

PROCEDURE GETTA;
VA J: INTEGER;
BEGIN

J1 -1

RESETORNSE, '5:N4S@LATA');
SlJCCESSFUlL:. (IOREStLT);
IF NOT llCCESSlFtL THEN4 EIT(EDTA);

WIULE (NOT EOF(OdCf)) AIND W (= 11) DO BE6IN

MAW([ 1,J].- QKYE 1,J];

M4ISTA:.G(Yll.J3; PUtf(MIST);
GET(ONO;

cLSE(ELO;

J:uJ + 1;

IFNO CESSFUL 
REPETVN' RR S CWD 41ETYNTORA TFL 4DS 2';

TEME;TEXT~ TR73



WITELN( 1. REHGAE DISK FROM DRIVE 2')
WITELN.:
IITELN(' 2. EXOfiGE DISSWITH OPGGT')
I4RITEIJN;
WITELN 3. PLACE OPoCENTS "oTED GAE DISK IN DRV 12')
WITELN;
WITELNC( PRS RTIN * READY) )
NRITEU4;REAMtN;
GETDATA;

UNTIL SWCESSFUL,
O$GEM~ORWNE *V 1;

9LM:u~c=0LUeu)JE +1;

BEGIN ( moveit
TE)TNODE ;TEXT :zTRUE;
OELTATLEI:-2;
6OW(,0) ;CRT(ERASEOS);
GOTXY(,2);
WiRITELN;
WRITELNC Enter desired tine step (DELTA T Ifor the first uwe.1);
WRITELN;
WRITE(' in minutes (I - 99) ';GETINTE6ER(DELTAT,DELTATLEO;
WITELN;
If DLWf THEN REWhITE(ATIM, '#4:TIIE.DATA');
OLDGAME:FALSE;
ATIMEA:OELTAT; PUT(ATINE);
RENRITE(BLUAME9 '15:8LUENN.DATA');
FOR I:u I TO 4h1XDLUE DO BEGIN

SPEEDiGSPOIIJ(OELTAT/1.8);
NEu[IJl:(Y1,1].(SEED2.1SIN(6CUS[ID));

hLU A :2tE~(CI] ;PUT(9LUWID;
BLLN4ISTA :-NI[ I ];PUT (LIST);
NBWIII:=e(YC2,I]+(SPEEDII.92C0S(GCUS[ID));

3(Y2.I*: EW4Y!;
8LLMA :*0YtI I 3;PUT(BLUAV
8LW14ISTA:4YIl;PtJT(BLUMIST);

* 83LUHISA::-QM9; MfT(DLUHIST);
cLOSEMeUAMlLOaO;

* cIDISKG.
TFLA66:uTRUE;
3AAFRA6M.TRUE;
TIMEWuIME + DELrAT;
9LFLA.TRIE;-

O(IT(AOUCENM
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PROCEMDWE 94GTA(, INTEGER):
VAR S 9qVLE,USll4 INTEGER;

BEGIN
SPDL.f2;

CUS:MMOL(CUS111 1 /o PD);
SMD:OVSDIID);
WRITELN;NRITELN;
WRITELN(' ALL NLIEICAL INfUT IS INTEGERP'')

WITE(' Couse: (1-368) 1);
REPEAT

GET INTEGER(CUS,CUSLDO;
Mt.I (CUS >a 8) AM (CUS (a 368); WRITELN;

VCUS[I:8 CUS I PI / 18;
W~RI~T(' Speed 2 (-0 )

REPEAT
GETITR(SP,SPVWO;

UNTIL (SPO )a 8) 90D (SPO (n 4); WRITELN;
OVSD1:uaSPO;

PROMEM SObTA( 1 INTEGER);
VAR YE940: SETOFOIAR;

ANS: ON;
BEGIN

TDOMlE; TEXT:u TRUE;
GOTXVY,1); CRT(EIVIEOS);
GrOXY(1,3);
WRIT(' Ship 1 :) ');ITE(1-1);WRTELN;
W'RITE(' X Cordinate: ');NRITE(RGUNtD(EY,I] 2.3);
WIITELN(' miles )
WRITE(' Y Coordinate: ')0IHITE(RWI(8XY[2,I3 1.92))
WRITE1.N(' miles ');
W4RTE(' Couse :');NRflE(ROMOMECUSU 1 188 PD));
W4RTJ(' daeeon')
WJ1E(' Speed : ) ;MRTE(RClI(GPD[IJ
WITELN(' knots 1);

WITELNg-ITELM;
WRITE(' Any changes (YAO ? )4~ GETDM(YEW CHR(3) I)O;R!TELN
IF AS xn 'Y') ON (MANS 'y') THDIMMMGIA();

PRCEM HaDALL;
GEGIN

TTOE: TEXT:z TRUE;
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FOR TOT:u! TO MAXBLtE DO SE61N
SIOTA(TGT);

EN;

VAR T9TLEN: INTEGER;
BEGIN

TSMIODE; TEXT.- TRUE;
TT~1EN-;
60OWY(,l); CRT(EMEOS);
GOTY(,3);
WITELk4(' Entr nmb of ship whom Winmters ,y' wish to change ');

REPEAT
GETINrE6ER(TT,TGflBO

KIL (TOT )z 8) AMD (TOT <.9)
WAITELN:-
SNWUTA(TOT1);

PRIOCEDIIE VIEWIT;

CH: ONR;

IDECIC TDXT:-TRUE;

GOTOXY(l,3) ;CRT(ER*SEOS):

WITEN;WITELN;NRITELNtiRITELM;
WIIA4 A) View / Moify M I ships, Winrus
WRITELN(' 8) Viet / Modify one ship's Winamters )
WRITELN(' 2) Quit : return to previous mnu )
WRITELNOCTELN, 1SEL;
WITELN' III( USE 'ESC, KEY TO TOGGLE BETWEEN TC(T 00 GPICS ~ );
CHi-uGETCW(OKSE+ £OHR(27)]1);

IF (OKCN(27)) WD4 (TM 110N BEGIN
3MRIODE; TEXT:=FALSE;

ELSE IF (ClKQI(27) AWD (NOT TE) TM6 BEGIN
TC(ThODE; TEXl:-aTRUE;

END;
CASE OF
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.HIL CH N Gq';
ENO; ( viewit)

CH: ON;
BEGIN

IF GMFLA THEN BEGIN
GWRIODE; TEXT:FALSE;
GMfFIGA:FALSE;

ED
ELSE BEGIN

TEXThOO; T:T:RUE;
ED;
REPEAT

GGT0DY(6q8) ;CRT{ERASEOS);
6OTMY(3);
WRITELN(' A) Vimv : present ship positionsq courses, and speeds')
M~ITELNV( 8) Advance: me ships to new positions based an time-step');
WRITELN(' 0) guit : return to progra's outer level ');

WRITELN;WRITELi4;NR[TELN;
WRITELN(' IM USE IESCI KEY TO TOGGLE BEThEEN TEXT AND GMICS )W *;
Oi.E-clM(OKSET+ t0H(27) ,IlR(8S ,CH(21) ,CHR(32) I);
CR(EMSEOS;
IF ODCI(S) TiEN CHWuR'; ( left arrom ) reduce scale
IF CHCH(21) MHE CHiWz'I; ( right arrow) increase scale)
IF (CSmCHR(27') 4I) (TEMT THEN BEGIN

BROWN; TMX:FALSE;

ELSE IF (00*CH(27)) AND (NOT TOMT TM~ BEGIN
TEXTHODE; TET:=RtE;

CASE CH O
'A','a': VIENIT;
'B','b': MGJIT;

/1 BEGIN
DMNSCALE;
SLFL46:-TRUE:
TRLAG5:*TRUE;
TFLA6.:FALSE;

END.-
'I. BEGIN

UPSCALE;
.FLAG.-TRIE:

TFL4M5IRE:
7FLAG6 :'-FALSE:
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DCIT(AMW4;
END;

'' EGIN
RCTRFLA:4RUE;-
TFLAGS:xTRIJE;
TFLA6:zFASE;
aIT(wAwDv;N

IF (CHIRIR) OR (CHI u 'I') OR (CHI THE)N49 BEGIN
GRMODE; TEXT:= FALSE;

IMNTIL 04 IN I "Q','a' 3;
TTO E; TEXT:uTRUE;
TPSGA mTRIJE;
EXIT(ADAWU;

END; (may

BEGIN ( advmnce)
(ISR TURTLEGMPNSI)
(MR TW4SCBW
M(IS THESISW)

TFLAG5:FALE;
TFLA66:uTRIJE:-

END; C advmnce
SESIEN PROCEDURE CPA;
VAR TARGETI,TARGET2: CHAR;

XSI,YSI,XI1,YII,DX(1,DYI,X602,Y12,X12,Y12,DX2,DY2: REAL;
BEANNG,COVIJRSJ$ORSE2,TGTI ,TGT2,1I.X,XX,~ YIY2: INTEGER;
CMAT,V1 ,VM2,V11 ,W2,CIJSI,CUS2,T: REAL:.
DIST,ObW,SPDI ,3P02,DX,DY,WJX4IJY: REA.;

PROCEDUR SPEED(W,DY: RAL;V SPDt REAL);
BEGIN

DIST:SR(SGR(WO + SGR(DY);
5P~9g DIST DELTAT 1 68;

FlJCTIGI DEGREES(DX,DY: REALW INTEGER;
CONST ERR a 9.31;
VAR '*LUIE: INTEGER;
BEGIN

IF (C ( (3ERR)) AN (DX )(@-ERR)) TH4EN BEGIN
IF MDY ( (OERR)) AND (DY ) (9-ERR) THEN DEGREES 8 ;
IF DY ) U THEN DEGREES :.196;
IF DY C 1 '169 DEGREES :369;9
EIT(DEGREES);

IF(MY ( (9ERR) AND (DY )(S-ERR) THEN BEGIN
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IF M( ) I THEN DERES m~ 278-.
IF DX (8I THEN DEGREES :a 190;
EXIT(DEGREES);

go.,
VALUE m RDI8 / P1 I ATAN (DX/DY));
IF ABS (VALUE) 0) VALUE TNEN BEGIN

IF OX ( I THEN DEGREES:. 186 + VALUE:
IF M( ) I THEN DEGREES:- 368 + VALUIE;

E.SE BEGIN
IF OX ) 0 THEN DEGREES:w 186 + VALE;

O X (8 IHEN DEGREES:= VLUE;
ED;l

END;
PROCEME TYPEI;
BEGIN

TGT1:zM(TARGET1) -ORD(W8);

TGT1:=TGTI +1;
XII:2LDID(YE 1,TTI];
YII:xLD8(YI2JTGT1;
X I ImueYI ,TGTl1I

DX1:z X11 - Xli;
DY Im YI - Vii;

PRURE 1WPE2;
BEGIN

IF TARGET! IN C'a'..Tj' THEN TGTI:ORD(TARGETI) - ORD(a' ELSE
TGT1:ORD(TARGETI) - ORD('A"*);
TSTI:=TGT1 + 1;
XI1:4-,LD(DCYI ,TGT I ;
'YI1:sLD(YI2,TGTI3;

* . Yll:=WY129TGTII;

DXI:= XII - XII;
DY!:m YII - Yll.

PRCDR T YPE3;
BEGIN

TT:mOM(TARGET2) ORD(1,9)
TGT2:-TOT2 + 1:.
X$2:uOLDOCYI I,TGT2];
Yf2mlL,,BV12,TGT23;
X12:4(YE I ,TGT23;
Y12:4(Y(2,TGT2]I;
DX2:s XI2 - X12;
DY2:u Y12 - Y12;
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PRCEXRETPE4;
* BEGIN

* . IF TARGET2 IN V'a'..Tj' THEN TOT2:4R0(TARGET2) -ORD('a') ELSE
TGT2:410(TARGET2) - ORDVA');
T0T2-.T6T2 +1;

* . X@2:.WJX=C1,TGT23;
Y02zaOLDW(Y2,TGT21;
X12:uC~t ,TGT2];
Y12:xOYI2,TGT23;
D)(2. X02 -X12;
DY2:z Y92 -Y12;

PROCEMI DWLINES;
VAR X1,Y1,X2,Y2,DX,DY,SMe3: REAL;
BE61N

GAMDE; TEXT:z FALSE;
PENCOLOR(NME);
XXI :AW( (X I 1-XCTR)/SCALE) + 148;
YYI:=RCI( (Yl1-CTR/SCALD)+96;
HOVETOOC(,MY);
PeM~ORMNITD;
XXl:-ROlM0(1+(TM V12.8/SCALE);
YY hzRON(YYlP4(Ti'M 1 1.92/SCPA.Efl
X I:=((1X- 141) ISCALD 4XCTR;
Y1:(A'1-96) SCALE) YCTR;
KGJTOXX1,YY 1);
PENCOLOR(NGI
XX(2:=OUtM( (X 12-XCTR) /SCALE) + 148;
YY2:--ROI4( (Y 12-YCTRO /SCALE) 496;
MOETO(XX,Mf);
PENCOLOR(14UE1;
XX2:4CU=(XMO(2+(TWI22./SCAL)
YY2:RCIM(YY24 (TlY2M.92.SCALE));
X2:= (002-140) ISCALE) +XCTR;
Y2:=((YY2-96) ISCALE) +YCTR:
MVECOoC(2,YY2);

)DX:zj(XI-X2) / 2.3
DY:x(YI-Y2) / I.9M;
BEARINGmu DEGREES(DX,DY);
SPMED(XYSPD3);
FOR I:- 1 TO 3863 DO BEGIN

PRCVEMESAGE1:
BEGIN
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6OTrMCY(0,8) ;grT(ERASEOS);
GOTM(Y (I 1);
'JRITELN(' Not enough data to compute CPA 1);

WRI!TELN:NWRITELN:NWRITELN;
WITELN' (PRESS RETIJRN TO CONfTINE) )

*REAOW;
TFLA63:=FALSE;
TFLAG4:- TRUE;
EIT(OPA)

PROCEDUR MESSME;
BEGIN

TCNM; TEXT:z TRE;
WWT((,W);CRT(ffMSEOS);

WRITELN(' The tine to CPA from ',TARGET1,' to ',ARGET2,' is : );
W)ITELN;
WITELN(' ',ROL(T6),' MIt4JTTS')

W4RITELN(' The rape ad bearing fro ',TAWEI,' to ',TARGET2);
WRITEU4(' at that time will be: )

ITEM4
WITUam ,WM(DIST),, miles - bearing 'vBEARIN9,' degrees )

* 11WRTE12C PRSS RE1R TO IOMTINLE) ;

REACLN;
TFLA63:uPf.SE;
TFLAG4:aTRUE,

OROCEDUR IESSAGE3;
SEGIN

TOME TEXT:- TRUE;

WRI ELNC Target I 'ITARGET19' and target 4 I AGT
W4RITEL'4;
WRITELN( have parallel courses with the same soeed 1,
NRITLN;$4RILkU;WRlTELN4:
WRIMflN < PRESS RETURN TO 31T IMJE > )

TFLA64:=TLE;

E)1T(CPA)

SEGIN CPA)
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(Sf4 TURTLERPHICSO
(U$R TWOMISIND
(X$R THESISIX)

IF ORN46E10'J (- 1 THEN MESSA43EI;
ORWWE; TEXT:-FALSE;

8BCSTIN6(3,2,' CPA: LETTER / NUIER OF 1ST SHIP )

TARGET :4ETOMROKSET) ;
IF TARGETI I''.9' T)E YPEI ELSE TYPE2;
DXI:-OX1 / 2.8;
DYl:=DYl / 1.92;
COM'SE1:=DEGRS(DX1I,DY1);
CJS1:ZJLGtSE I P! / 186;
c.POE(DX lqDY1, SPD1) ;

VYI:zSPVI COS(CUSI);
BMSTRINS(3,2,' CPA: LETTER / ISIER OF M4 SHIP';
rARGE72:=6ETcHAR(OMSET);
CLIRM;
IF TAMT2 IN'@'..'9']THEN Tw'PE3 ELSE TYPE4;
0)2:=0X2 / 2.3;
DY2:=0Y2 / 1.92;
COUlRSE2:OEGREES(DX(2,DY2);
CUS2:zCIES2 I PI / 186;
SPEED(DX(2,DY2,SPD2);
'JX:SPD I SIN(US2;
IJY2:5P-02 I M8S(QiSD
DXWuX11 - X12) / 2.3;
DY:z(Yl1 - Y12) / 1.92;

OWml- IVX2;
tDY:*N1 - V2
DENI:= SOR(MJX 4 SEM(W1
IF 0OM =6 THEN MESSqGE3;
T:s -(DX0.DW + DYNWVY) / (SOR(DVO +SORWJY));

IF T (9I THEN T:= 8;
CPAT:z TIME + T;
DRKINES;

ESAGE2;

3EWIET PWR1E MUJE1DIT;
'JR 01: CHR;

XtY.T'ft.TARGETIICUS,DT: INTEGER;
DIRECTXOICHURSE.SPEED,MSPD-I REAL:
NM1ET',RCE: BOOLEN;

PRCEDURE DISPLAY;
'A X,Y,4' :NEGER;
BEGIN
!Nl~n)RE;
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FOR J:ul TO MXSLUE DO BEGIN
X:2ROJ14D((B(YE 1,J#]-XCT/SCALE)+141;
Y:=ROM( (B(YE2J-YCTRF /SCALE) 496;-

NLII9E(X,Y,J);

FOR J:-I TO MAXORM DO BEGIN
X:-qOWt(((D(YI IJ]-XCTR) /SCALE) + 4;
Y:zROMH( (MYI2,J-YCTR) /SCALD +96;
MOIJETO(,Y);

LETTER(X.Y.J);
END;
GRAFMODE; T(T:FALSE;

PROCEDURE MESAGE1;
BEGIN

CLERSOX;
GOTXV(,S); CRT(ERASEOS):
GOTW,((6q6):
W4RITELN(' Not enough data to comute course /spWd )

WRITELN;I4RITELN:iRITELN;
WRITELN(' (PRESS RETUW TO CONITINUE)')
TECThOOE; TEXT:uTRI'F
NOTYET:=TRUE;
READLN;

DO0;

ROCEDIJRt GETTGT;
'A TGT: 00;
BEGIN

BWSTRING(.2.' MOVjEMENT: MOVJE W4HICH SHIP (8-9/A-J)? )

TGT:zGETOiAR(OKSED)
IF (TOT IN V'A'..'J' GR (TGT !N E'a'..''] THEN BEGIN
IFOOI <=E1~J I THEN MESSAGE 1
IF CRANGe1E <( I THEN EXIT(E1TGT);
[F T-73 IN HEN..J' M10 TARGET:=0RD(7GT-ORDA')+1 ELSE
MTARGL7:=RD (TOT) -M'i'l +a) 1;
?WLAG :=TRUE,
.FLA62:-FALSE;

TARGET:O-RD(TGT) -ORD('8) I ;

PROCEDRE OETOUSE:
'JA MUSLN,CUS: INTEGER:
BEGIN

cuSLEN:=3,;
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71- - - - -.-.-.-. .-.-.-.-. .-.-.-.-

REPEAT
9G(STIN(3,2,' MIRWE~4:DETER DESIRED COUIRSE 18-368)')
GETINTEGER(CUS,CUSLDC);

UNTIL (CUS) I)N (CUS (m 368);
* MCUS.-uCUSl

COURSE:ZCWS I PI1 IN

PROCEDURE GETSPEED:
VA&R SPDLEN.SPD: INTEGER;
BEGIN

SPDLEN:=2;
REPEAT

STRINB(3,2,' IUAIIEN: ETER DESIRED SPEED (8-4)')
GETINTEGER(SPO,SPDLENO;

UNIL (SPO )a8) OND (SPD (a 48);
MSPD:wSPD;
SPEESD -

PROCEDURE GETIME;
'VAR TIMELEN: INTEGER;
BEGIN

TIIIELEN:2;

9B(STING(3,2,' MMOIET TIME STEP (8-99) IN MINUJTES )

GETINTEGER(TYEIIELBO);
UNTIL (Thi )a ) MID (TYME (a 99);

PROCEDURE TRACEON;
VAR TR: CHAR;
BEGIN

OKSE:('Y',' , N, ';
SD(STRING(3,2.' MqlID19: DO YOU W4ISH TRACE aN (Y/N)? )
TR:=GET~lR(O(SET + 1CR(13)1);
IF (TR = 'Y') OR (TR: 'y') THEN TRACE:=TRUE ELSE TRACE:=FALSE;

PROCEDURE GT;
YAR XLEN: INTEGER;

XI: REAL;
BEGIN

XLN:3;
* ~ REPEAT

BOXSTRING(3,2,'M%8WO: DESIRED X-COORDINATE (9- 100)?")
GETINTEGER(X.XLEN;

UNITIL (X >= 6) AND (X (m 100);
'(I:= X 1 2.3;,
X1:-U((X 1-XCTR) /SCALE)+ 140;
X:ROI(X 1):

END;
PROCEDURE GETY;
'JA YLE: INTEGER;
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Y1: REA.;
BEGIN

YL ':3;
REPEAT

e90TRIN6(3,2,'oMIJEIENT: DESIRED Y-COORDINATE (6-le)?');
"LTINTEER(Y,YLOO;

L; .! . UTIL (Y )a 8) AN (Y (a 181);

Y: Y * 1.92;
Y 1:2((YI-YCTm /SCALE) 496;
Y:ROUND(Y I);

PROCEDURE RELDIR:
VAR DIRLI.DIR: INTEGER;

BEGIN
0":IRL :3;

l.: REPEAT

., (STRING(3,2,' MOJBIIT: DESIRED DIRECTION (8-368)? ');
GTINTEGER(DIRDIRLEN);

'UTIL (DIR) 6) 0 (DIR ( 368);
MUS:=IR;
DIRECTION.- DIR I PI /188;

END;
PROCEDURE RELDIST;
VAR DISTLE.DIST: INTEGER;

XD,YD: REAL;
I BEGIN

DISTL9ah3;
REPEAT

.OXSTRING(3,2.'MOlJDW:DESIRED DISTANCE (8-380) MILES');
GET INTEGER(DIST,DIMSLB;

"IUTIL (DIST)z 8) AND (DIST (- 381);
IF DELTAT = I THIN DT:=6l ELSE DT:=OELTAT;P MSPD:=5P[ITAR6ET3

XD:% DIST I SIN(DIRECTIGO;
XD:- XD 1 2.38 / SCALE;
X:= ROUNO(X);
YD:= DIST I COS(DIRECTIONO;
YD:= YD D 1.92 / SCALE;
Y:- ROUN(YD);

END:
PROCEDURE ODRWFIG:
BEGIN~EM OR(NONE);

, . OMO(( IPFIS,29,1,S,,X,Y, 18);

%M0ER(X,Y,TAGET);

PROCEDURE MA10;ING(C :NTESER;S REM);
VAR I: INTEGER;

AMS: ON;
BEGIN
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FOR I:a1 TO 3066 DO.-
TEXThODE; TEXT:=TRIE;
G0T((Y(1,0); CRT(EPSEOIS);
GOTWCr,3);
i'IITELN4(' YOU IWE PROPSE A COUMS SPEED CIONGE FOR TARGET# "JAMGT )
WRITELN;
WRITELN('jc ',C,' DEmES ',OHS, twOS
WRITELN;
WITELN(' DO YOU WISH TO MM( THIS C)WN6E TO THE DATABSE ? (YAO')
PMS:2OTIAR(OKSET + ICC)(13)D;-
IF 94S IN E'Y','y'l THEN BE6IN

GCUS[TARGET]:=CIPI/ 186;
GSPD[TARGET :2S;-

PROE NMUI;
'JAR XDqYD: REAL;

81,82: INTEGER;
BEGIN

GVAMCE; TE(T:& FALSE;
* GETTIbr

IF NOTYET THEN BE6IN
* NffME:FALSE;

DO;
GETCORS;
6ETSPEED;
GErrMtE.
THAEON;
CLEAR9M;

4% COLOR(NWE;
BI:wROII((9(E .TARGET3 XCTR) /SCALE)+ 146,
32:sROWIX(BYE2,TARGET3-YCTR/SCALE)+96;
MlI1ETO(81,02;

(do math toget nwxy)
IF T%CE THEN PENCOLOR(HITE);
XD:= SPEED / 60 1 M I SIN(COURSE) M SALE 1 2.8;
X:aRMW(XD);

YfD-= SPEED / a I Tfl1E I COS(COURSE) /SCAE 1 1.92:
Y:u ROUND(YD);
Y:-Y+62;

* ~ ~ MMETM(,Y);
0DWIG;

* ~ ~ "ECMt(MCUS 41SPO);

PROCEURE 1IU2;
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VAR 81,82: INTEGER;
DXDY: REAL;

BEGIN
GRMlCME; TEX:uASE;

IF NMr TDO BEGIN
Narfrr:FASE;
EIT(MOVE2)

GEM;

TRMCEONI;
CLEAR9;C
P9~OMOR(NGNE;
81:-RMW((YE I,TARET-XCTR)/SAW+140;
82:4Gtt4((BXYE2,TARGET-YCTR/StALfl .96;
t1OET(81,92);
IF TMCE THN P8EMOR(NIIITE);

OfWIG';

E

VAR 91,92: INTEGER;
BEGIN

iWPMK; TsFALSE;,
GMTGT;,
IF N07YET THEN BEGIN

NO1YET:=FASE;
EX(IT(MM3);

RELDIR.:
RELDIST;
T~E4
cLEAR9M;

8I:ROU( (BXY ITARG6M1XCTR)/SCALD+ 140;
82:'ROU( (VYE2,TARGET-YCTR/SCAW 496;
MWJEO(91,32);
IF -74VI THEN OEKOOR(WHITE);

Y:2Y+92:

PROCEDURE RESETFLA6S;
BEGIN

NOTMET-fALSE:.
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ff .-- .M.E

TFLA62:z TRUE;
IF GFFAG" THEN

WAFME;

MIFF IAGWASE;
TEXT:FALSE;

ED
ELSE BEGIN

TEXT:-TRIJE:

END;

9E6IN ( ,emmnt
(QSR TURTLEG1PICSI)
M~R TlESISfl)
(*$R TRANSCEDDI
RESETRLAGS;
REPEAT
OKSET::! 'A D a d 0 q' 1;
GOTW(Y(6,U; CRT(EASEOS):
PRGPAT(I,') MOMM:I~ Visually Checl possible positions of your ships');
60=49(O5);
W'RITELN(' A) flMmut using Course, Speed, Tim )

NRITELN(' 8) Move your unit to a no (X,t) position )

WRITELN(' C) Move your unit relative to its aresent position )

WRITELN(' D) Clear previous moyits fro the screen';
WITELN(' 0) Quit - Exit from this procedure')
WITEILi:
WITELN' [(-1 Douscale disclay )

WRITEUNVI -) Upscale display')
WITELN('Isoacel Recenters display')
4RITELN(' [ESCI Toggles display between text and graphics')
OI.=6ETOA(OKSET+ ECHR(27) ,CHR(8) ,CHR(21) ,C)IR(32) 1);
CRT(SOSEOS);
IF DKM~(8) THN CH:z'R'*; ( left arrow > reduce scale
IF C)~mHR(21) TIQ4 CiWuI'; C rzit arrow > increase scale
IF (0009l(27)) *0~ (TD() THEN BEGIN

TWC:-FALSE;

ELSE IF MOMSi(2)ID (NOT Tar) THEN BEGIN

TEXT:-TRUE;
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'A,','a': !OJEl;

'C','c': ?OJE3;
'D','d': DISPLAY;
I RIF BEGIN

DO#4SCLE:
BLFA :=TRUE;
TFLAGI :TRUE;
TFLAG2:=MASE;

'I' BEGIN

MLFLAG:=TRUE;
TFLAGI zaTRLE;
TFLAG2:FALSE;
EXIT(QJMVM;

BEGIN
RCTRFLA:=TRIE.:
U.FA:=TRIE;
TFLAGI :4RUE;
TFLAG2:xMASE;

UN ~TILCHI1N I 'O','q' 1;

sEGKNT PROCEDURE MOME;
VAR X1.Y1,X2,Y2,DISTNE.SPEED.CUS,DXDY: REAL:

COURS,0O1,Q02,TYhE., INTEGER;
rRACE: SOEAN-
)0((Y: REAL;

PROCEDURE DISTSPO(DXMY: REAL.JA DITPD: REAL);

BEGIN
OISi:u SMR(SOR(DX + MOMDY);
70: DIST / DEL.TAT:

END,

FfMCIC DEGREES(DXY: REAL) :INTEGER;
CONST ERR:a 0.81;
VAR UALUE: INTEGER;

* . BEGIN
IF (M( ( (O4E+M) 4I) MX > (6-gRR)) THEN BEGIN

IF (DY < (SERR)) M*D (DY ) (6-t-RR)) THIN IDEGREES 6
I F )Y ) I THEN DEGREES 18:
IF DY ( 9 THENDEGREES U366;

EIT(DEGREES);
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IF (DY M (EW)) 40 (WY (9-ERR) THEN BEGIN
IF DX) 0 THEN DEGREES :279;
IF OX ( I THEN DERES m~ I";
M(T(DEGREES);

VALUiE :a ROIWD(IU / P1 I ATAN (DX/DY;
IF ABS (VALUE) 0 VALUE THEN BEGIN

IF DX( THEN DEGREES-1889+.VLUE;
IF .!DX ) ITENEGREES:= 3d40 VLUE;

ELSE BEGIN
IFOX ) ITHENDEGREES:z 180 + ALUE;
IF DX < I THEN DEGREES:- VLUE;

END;

PROCEDWUE GETT ItM
VA TIMELEN: INTEGER;
aEGIN

REPEAT
9O(STRING(3,2,'MOEMENT2: TIMlE STEP (8-99) IN MINUTES');

* - G6k7INTEGER(TWtI,TItIELEN);
* LIi~L (Mh >= 8) AND (TYf (a 99);

PROCEDURE TRAEON4;

BEGIN

BIO(STRIN6(3,'M0WEMENT2:- DO YOU WW TRACE ON4 WYN");
TR:zETCHR(OKSET + [CIR( 13));
IF (TR = 'Y'*) OR (JR =1-1) THEN TRACE:TRUE ELSE TWcFALSE;

END;

PROCEDURE NENPOSIT:-
VAR 4EW,.4Y: REAL,-
BEGIN

'0z(x(XYt IIARGET]-X<CTR)/SCAL-E+149;
YY-=OXY211TARGET]-YCTR) /SCALE+96;,

NEX, *X (SPEED I TYME I SIN(CUS) 1 2.9/ SAD;
NEWf:z YY + (SPEED I TYME I COS(CUS) 1 1.02/ SCALE);

GO2:ROUND(NE4Y);

PROCEDURE MOVEIT;
BEGIN

GRARIOE; TE(T:-FALSE;
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PENCaLGR(NWlD
MOJEO(ROW(MQ IRMiD(YY));

IF TRACE THEN PENOLOR(WITE);

PENCOLOR(NE)
DOs&OCK(SNIPFIG,2,818,7,,001,002,5);
LE7TER(00l,002,MTARGET);

ED;

BEGIN ( inve2)

(ISf THESISIO)
(IR TNSM)

OMAIDDE; TEXT:=FALSE;
WLAS:=MLSE;
TRLA61::TRtUE;
X1:4LMDC(YE 1,lTARGET];
Yl:=MM1CY2,KTARGET];

Y2:=QXY12,MTARG7 ;
DX:=(X1 - X2) / 2.8;
DY:=(YI - Y2) / 1.92;
COURS:4EGRES(DX,DYY);
CUS:u COLES I PI / Isl;

GETTIIE;
TRCEON;
NOEOSIT;
MUJEIT;

END; ( nave?
SEB~ff PROCEDUR RECENTER;

PRCDR RCTMW.:
COWS XCz to;

YC=96;
VAR JE(,3Y,O,OY: INTEGER;

RCENTR: Oft

PROCEDURE CASEA;
2E9IN

J:=OR(RCENTR)-WRE. 1
1');

BX:uROtIQ((W( I iJ]-XC)/SCALE)+XC;
9Y:-MOW((BXYE 2, J]-YC) /SCALE) +YC;
XCTR:ROU4XYElI,J]);
YC'jR:RML(8(Y12,JD;

PROCEDURE CASEB;



BEGIN
IF RCM4T IN !'A'..'J'1 THEN J:uCORD(RCDITR)-OPD('A')

ELSE J:ORD(RCSITR-CR(aQ;

M:UAMtW ( 1 ,fl-XO/SALV +XC;
GV:40W4((GX(2,JI-YO)/SCAfLE *YC;
XCTR:AROII(XCI 1J3);
YCTR:4MND(GXY2,JD;

DC;

BEGIN ( recetur)
(hR THESISI!)
(fEU TUTLEGWEISE)

RCTRFIAG:FALSE;
OLfFLAGI=TRUE:
OMAIGGE; TW)(:*ALSE;
IF (MORMGE ) 0) AND (IPXDLUE >6) 7104 BEGIN
OK(SET:(''.''''..Ja .iJ
SSTRING(32' RECENTER ON4 WHICH SHIP (3-9/A-J)?')
RCDGR:4-ETDPAR(CIWE;
IF RCSITR IN T'H.'9 EN)2 CASEA ELSE CASED;

DID;
IF (IWBLIE =8) THEN4
BEGIN

DO SR(3,2,' RECEM NTR1 WHICH SHIP (1-9)? 0
9flNT:4ETCfl(14SEfl;

CASED;

IF (MWCOMG 9 ) THEN
BEGIN

DXSTRIN(3,2,' RECOVE ON WHICH4 SHIP (8-9)? 0
RCDU:4rOWHMOKSED;

ft CAS8E;

iNITTURTE;
IF !PXDLE ) I THEN BEGIN

:OR J:ul TO MAMtE 00 BEGIN
9X:=iOtM((WD(Yt IJ-CR/SCALE)t+XC;
BY:ROW( (3(Y!2,J-YCTR)/SCALD +YC;
D4ND(SIPFIG,28,6,7,3,ID,8Y,1);
tUIE(W(,BY ,J)

ENM;
4F MXVOAGE ) I THEN BEGIN

FOR j.-sI TO I'POORG DO BEGIN
lO(:'RWM((WCY[ IJ]-XCTR)/SCALE)4XC;
I.Y:=RQOJ4( (W(Y12,JI -YCTR) /SCALE) tYC:*
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LmmaER(y,J)
ED;

go;

VAR J: INTEGER;
TEPNALUE. REAL;

PROCEDURE STARTOWGE;
BEGIN

, EVALUE:l;
RESETWINIST, '#4:(R46CLDTA');
WHILE (NOT EOF(OISM) AND (TESVALt) -999) *0I (U (a !S) DO BEGIN

(D(Y[1,J1:434ISTA;
GET(MIfST);
(2Jhm:4HISTA;

J:U4# 1;
GET(MWIS1);
TESMUELzMIISTA;

DO;
DID;

PR0MMMtE STAULUE;
BEGIN

J:' 1;
TESMAUE:4@:
RESET(9LUHIST. 'I4:BLUEOLD.ATA');,
WHILE (NOT EGF(BLUNIST)) Wd (TES7VAL.UE) -9M9 AND Q <= 18) 00 SEOIN

W(E 1.4] :UISTA;
GET(OLUMIST):
2XY12,J3:L&UHISTA;
J:=4+ I
GET(OLUHISfl;
TEST'ALUE:%4LUHISTA;
MMDUE:*4 - I.-

PRI3EDRE qESETFI.AGS:-
BEGIN

DSEXML.*~FALSE;
CASEI:uFALSE;
TFLABI :uFALSE;
TRA62:uFALSE;
TFLA63:u9.E;
TPLA4:'=ASE;
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TFL.A65:-FALSE;

TFLA6:FASE;

END;

BEGIN (RERM)
TESTUALE:4f;
RRFAG:-TRUE;
RESEIFLAGS;
CONTINE:TRE;
SLFU1AG:4TRIE;

SCALE:1;
INITTLIRTLE.: TE)ThOOE;
cMOS(BLUHIST,LOaO;
CLOSE(OW~IST,LODO;
STARTOAM.:

URMM -WNGME+ 1;
STARTDLUE;
BLGJE8LUBWGE + 1;
REME(ATIIIE, '44:TIME.DATA');
TfllE:mTIMEA;

END; C rer'un)

BEGIN ( CASE)
IF RCTRFIA6 THE RCTRPART;
IF CASEI THEN RERWART;

END:
S~EEN PROCEDUR BOTTOKINE;
VAR SCDIST: REAL:

* XT,XC.YC: INTEGER.-
SaTI7ME,SXCTRSYCTR: STRING;

PROCEIDURE HEAIPER;
BEGIN
(Y$R TURTLE61I3RA1IS)

MP4,M'GE: 'T:FALSE:
XSLAG:zFALSE;
G~FFLA6:=TRUE;

MOVETO(, 84);

MOJETO, 184);

MOVETO(9, ':87);
MIDST :='i/SCALE*V2.72;



tWGjr(XT,187);
MMJETO(X, 190);

PEKcVOR(NMDE;
MNUEO(XT+7, 182);

XC:=ROUN(XCTR/2.8);
YC:zROLW(YCTR/1.9M)
STR(XC..IDMR;
STR(YC,SYCTR);
S4STR!N6(SXCTrR) ;iSTRING(',') -;hSTRlNG(SYCTR);
W4STRING(': CTR')
WSTRING(' TIME: )
STR(TIME,STIMD);
WSTING(STIIED;

PROCEDURE IN~tRCET;
-AR TGT,TGT2,CUSlDT,3TLEN,ICUS: INTEGER;

TIA,T2: CHAR;
COURE1,SEED,VXI,VYI,XY,IX,IY,DIX.DIY,ISPDDXIDY!X2Y2: REAL;

PROCEDURE TYPEI(T CIAR.- VAR DX,DY: REAL);
I*R XI,YI: REA;
BEGIN

X1:OLDI(YI 1,TGT/2.8;
'1I .D(Y 12,TGT/ 1. .92;

Y'4:=6XY12,TGT3/1 .92;
* DX:=(Xl-X2);

DY:=(YI-Y2);
END;
PROCEDURE TYPE2(T: CHAR: IA DX,3Y: REAL);
IJAR XI,YI: REAL:
3EGIN

IF T IN TM..~' THE GT:=0RD(-i)-aR('3i+1 ELSE TrGT:--RD(T)-0RD(UA')+l;

Y 1:2)LDWIYE2JGT]/!92:
X2ChnXYEI T/2.a,
'f2:(2,,GTl/I.9n;

* DY:=(YI-Y2);

END.-

FUNCTION DEGRES(DX(,DY: REAL) :INTEGER;
CG'4ST ERR = 8.81;
'JAR 'ALE: !N7.08R;
BEGIN

IF (DX (I(9ERR)) *HD (DX "I (8-ERR) THIN BEGIN
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IF (DY ((ERR)) ND (DY ) (0-M)) THEM DEGREES 18 0;
IF DY ) T EN DEGREES : 181;
IF DY ( I THE4 DEGREES :m 368;
EXIT(DEGREES);

ED;
IF (DY ( (8*ErJ) AM (DY ) (i-ERR)) THE4 BE61N

IF DX) I T ENDGES :- 279;
IF M( ( I THEN DEGREES : 198;
EXIT(DEGREES;

ED;
ALUE :m ROUD0(1 / P! * ATM (D/DY));

IF ABS (VAL. 0 VLUE THEN BEGIN
IF W < I THE EGREES.- 189 + VALUE:
IF OX ) I THEN EGREES:. 360 + LE;

DC

ELSE BEGIN
IF X) I EN DEGRES:- 188 + VALUE;
IF OX ( V TE DEGREES:= ALUE;

00;

PROCEDURE ?ESS ;
BEGIN

GTO(Y(i,i) ;CRT(ERASEOS);
GOTDXY(9,3);
TEXTNGOE; TEXTz-TRUE;
.ITELN(' NOT ENOUGH DATA TO CGIPUTE INTERCTS AT THIS TIME ');
WITELN;
" ITELN(' ( PRESS RETtRN TO CONTINUE Y); REALN;
EIT(OTTlLINE) ;

END;

PROCEDURE MESSAW2;
-,1 BEGIN

G"TCDXY(q) ;CRT(EWSEOS);
GOTDY(,3);
TEM OE; TEXT.-TRUE;
WRITELN(" Y RCEPT: THE COURSE 90 SPEED REQUIRED FOR WITI ',T2);
-'IITELN(' TO INTERCEPT LNIT# ',TI.' IS: ');

*WRI.ELN(' ', ICUS,' DEGREES AT ',ROIJN(ISP),' WdOTS ');
WRITELN;
WRITEI(' 00 YOU W4T TO tWE THIS CWE TO THE TABASE? (Y/AO');
OKST.CI'Y',' 'N' ,'') 1
TI:=ETCHAR(OKSET + [CHR(13) 1);
IF TI IN l'Y'.'y'1 THEN BEGIN

GIUSITGT2 :-ICUSlP!/ IN;
GSPDIT672] :uISPD;
NRITEL(' D4GE HS BEEN V.OE' ',;
, RITELN;
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WITELN(' (PRESS REMU To off IME ) );wEALN;
END;

END;

RSIN
(DR flESISSI)

'.4, (DR TIwMCDU)
MDR TWLEAMIW)0

IcTFA.-FALSE;
IJLA6uF=MSE;
iF (BLUMMJE( 1) OR (TIME -0) THEN MESSAG;
GRAPODE; TlXT.muFASE;

OTLEN:3;
9WTrRND(3,2,IcPTLETniLVNER OF tWIT TO INTERCEPT');
T1:=GETOlAR(OKSET);
IF Ti IN C''.9JTHEN TYPE (TIDXI,DYI) ELSE TYPE2(T1,M(I,DYI);
CUSI.-DEGEES(l,OM);
COURSl:mUSl I P1 / In;
SPEEDi :=ST(SU(DX1) +SGR(DYI) )DETAT;
VI.SPEDSINMt13S1);
WI :uSPEEDIlCOS(COURSEI);
OKSE:('I..'9'2;
BOMINI6(3,29' ICPThMIEE OF NVWEIPJER II T (8-9) 1);
T2:-GETOAMUSED);

X:4(YC 1,TSI21/2.8;
Y:=W129TGT2]/I .92;

BM(TIN(329'ICPT: DESIRED TIME TO INTERCEPT (04M99');
GETINTEGER(DT,DTLENO;
ITLT )z 1) 0 (OT (a 9M9;

'4 IX:-QVX1DT)+4X2;
IY:sx(VYINDT) 4Y2;
DIX-.uX-IX;
DIY:=Y-IY;
ICMJS:4EOES(DIX,DIY);
ISPO.uS(O +SUR(DIY))/DTI6;
MESSAGE2;

END;

BEGIN ( blint
IF ICPTFLA THEN INTERCEPT;
IF MLAN THEN WBADER;

END;
SEOOT PROCEDURE TWINIT;
VAR GFAOOFLAG: ONR;

LEMI: SETOFOMR;
SOVEPA: BOOLMN;
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2N0W,9OLDG@4N3LD: FILE OF REAL;
MISC.- FILE OF INTEGER;

PROCEDIME PREFINISH;

rIKSET:ut #Y', ,y' ,'FN1,1n'J ;

WITELN;
WITELN' MOMY AVILABLE IN WOIS: 'pMEWA1L);
WRITEIN;
WITELN(' MOTION NLYSIS PROW~ OPTIN : 1);
WRITE~L;
WRITELNV( DO YOU WISH TO CONTINUE THIS ME LATER ('tAO?')
WITN;WRITEIJ4;
WITE' ') ; GFLA61:4ETOAR(OKSET1CHR(l3) ;
CRT(EMSEOS); CRT(EVSEOS;
IF GRA61 IN ('Y','y'] THEN &VEFLAG:TRUlE ELSE SMJELAS.FALSE;

END; ( PREFINISH

PROCEDM START;
BEGIN

GOTOY(8,V);CRT(ERASEOS);
NITELN;
bMllELN(' MEMORY AVILAILE IN WOWDS: '9ME1W.AIL;
WRITELN;
NRITEU4(' NOTION *^.YS[S PROM~ tOfTIGNS ')
WRITELN(' 1);
WITELN(' 0 Motion Analysis Prora);
WRITELN(' I Rmnm Motion Analysis Prorm');
WAITELNC' 2 Wild or Modify Data Base');
WRITELN(' 3 Teminate Porp.');
WRITELN;
WRITE(' '); FLA6uGE~cR(LEUELS)
CRT(EVMS; CRT(EVSEOS

90,START

PROCEDUE SlIT;
1* ,J:INTEGER;

BEGIN
RBITE(OI, '5:0LDI.ATA');
FOR Jaul TO W&KU 00 BEGIN

3w~u6(YI1jI; PUtf(OO;
9N1W-.W2,J1; PUT(306;,
3W..c313; Pff(IOO;
IMruOSPOJJ; PlT (9100;

00;
CO.SE(0,OOO;
REWITE(NLD, '15uOLDTA'):
FOR Jisi TO l'W(ULA 0O MEIN
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DoweDA:4LDC[,J3; PIJT(wOL);

SGLA~OL3(Y2,1;PIJT(BUL);

CLOSE(BOULOK)
RITE(009D 'I5:OLDATA');
FOR Ji:aI TO MMORANB 00 BEGIN

OOLr:4lDg(( ,; PUT(OG;
MWL:m&Y1C2,J; PUT(OOL;

O.OSE(WIDLOOO;
RDIRITE(NISC '15:MLDATA');

* NIC~LBIUDJ3; M(IO;
tCA L:OGBIjE; PUT(MO;

VLOSE(LUD,LOOO;
RLOSE(HIlSC,LOOO;.DAA

CLOSE(ATIlELOI;

CLSE *LA69LCIF
CL0' : CAS9OCRU
p1': CASE1:KTLiE;

'EEO.l91112' 113 CAEuU ;
D; (ClAxSE-

IFWLAO E JT
STLART R~E

CAORAO

ITERFINISH
IWEF TcMN(ESWIT;EL W,04RII,.FTEIO

STWFLA:-TR99

% * , . - . . - .*as ;*



SETFOR~SET OF ON;

V0A CRTINFOs PAMD ARRYRTCG94D OF OMAR;
PRfOIXED. AYCRTCHMWQ OF BOCLEA4;
F:FILE;

* PROCEDRE GTRTINFO;
PRGCEtM CEI(C : CICGO);
PROCEDURE PROWAT(Y INTEGER; S: STRING);
FUNCTION GETCIMR(OKSET: SETFa0D: CO;A
PROCEDRE GMIIRN(Y S: SIRING; ?WJ.B4: INTEGER);
PROCEDRE GETIIITEGER (VAR NMELa: INTEGER);*

IMPUMENTATION

8S a 8;
SPACE -m32;

VAR BUFFER: PACKED ARRMYC3.5IlJ OF OWR;
IBYTE: INTEGER;
CH: ONR;
~GD: BOOLEM;
S1:sTRING[ 11;
STIMs. STRINGEGS);
POSITION: INTEGER;
OPMY: ARAW1..183 OF 1R
WEGMMER: INTEGER;

016ITS,CK9E: SET OF ON;
*%M.- INTEGER;

OLD: 8OOLEN4;

PROCEDURE GETCRTItFO;

C READ SYSTEM.MISCINFO AND GIET CRT COITMO OCMWCM IWfO)

BEGIN
RlESET(F, 'lSYSTEM.HJSCZNFO');
I:.uL0a(REAO(FSIffER, I):
CLOSE(F;
BYTE:zRD(BUFFER1723); ( MREIX MmOUTION WfrE)
CRTINFOELEADINh :4IFFER162.1; P9MFXEDCLE4DINI:*FALSE:.
CRTIWFOIEMEOS] 4IJFFERI 64)1 PEFIXEDEMSEOSI :uODD(fMT DIV 8);

CRTIEO[MSEL] UIJFERC65] PRFIXDIERSEO] :00(YTEDIV 4);
CRT INFO[RIGNTI :aIWFER[661; PREFIXEDERIGHTIm:ODD(BYTE DIV 2);.
CRTINFOEUPJIFFERI 671; PREFIXEDEUPI :4DO(ITE;

c~rIeO~BT1~ewER[61; PREFIXED[LEFT]:CDO(SYT DIV 32);
* CRThFOD0 :uO( II): PREFIXEDIDOG4 :PALSE;

PROCEDURE CrT;
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CRT 0NWICS AMRE EOS,SEOL,PDI,RIG1T,LEFT.

BEGIN
IF PREIXDCI THEN L111rrE1,cRNFOLEDIN,1,12w;
W4IThRITE( 1CRrIFEOICI ,1,8, ID;

END;

PROCEDUE PROIPAT;
BEGIN

TQ(Y(lY) ;WITE(S) ;ClR(EMEOL);
END;

RHCTION GET0AR;

C GE'T A 0~MCER, SEEP IF NOT IN QISE, EC1O KIY IF PRINTING )

BEGIN

RE1)(KEY9OARD,0O;
IF EOLNCKEYUORR) T)04 OCHRC 13);

MaD: CH IN CKSET;
IF NOT GOOD TM WilTE(C0()

ELSE IF C1 IN I' '..')'] TH04 MRITE(0O;
UNTIL SOWD;
GETMR:'cH;

END;

PcEREGErSTRING;

( GET ADEDOA STRING UP TO MVM OMCIPRL4.
C IF 41ML STRING ENTERED, DEFALT *0PRINT PREVIOS VALLE. )

BEGIN

FOR *OSITIOH :* I TO MW(L9 0O

POSITIG4 :* 1;
FOR POITICN :a ITO KVJN 00

POSITIOM :uI;

IF LEBT(STENP) a TME SUl]:6ET0A(Wr + (OIR(13)1)
ELSE IF LOWST(STBI)WLEM THEN SIll E T0 CCR 3 CHR(8 1)

ELSE S11 MI4ETCM(OKSET + 1000(3),OIHR() D;
IF SI1 11 IN OCSET TME STDIPviCOCAT(ST9IP,SI)
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* . ELSE IF SltlAJ*U(8 THEN

BEGIN
cRr(LEFT); WhIT('-..);- CRT(LEFT);

DEEE(TM,LENGTH(5T89)11);

UNTIL Sll a CHR( 13;
IF LOTH(STSIP 0 3 THEN S:SSTIP
ELSE WRITE(S);

PROCEDURE GETINrEGER;

OLD :* FALSE;
OLfW:4UER;

FOR POSITION Is 1 TO LEN DO
WRITE-'2);

FOR POSITION uITO LENI00
WRITE(OIR(MS);

POSITION :a 1;
WHILE POSITION a 1 00

BEGIN
REA(KEYOARDIMIMYPOSITICND);
MFOMY1 1] IN ECcR(SFAW ),0hR(CR)]) THEN

BEGIN
NMDE - OLDNI;
NRIT(NLIEA;
OLD tz TRUlE;
POSITION POSITIG0I;

* ELSE
IF(C1HRMY(13 IN DIGITS) M)0
BEGIN

WRITE(KEBORDOMAY[POSITIOM]);
POSITIG4:POSITIGN + 1;

ELSE

IF NOT OLD MEN4
BEGIN

% WH4ILE POSITIONKLEN 00
BEGIN

REA(KEYQA~R0[P0SITIG4]);-
IF (CHARYIPOSITION] IN DIGITS THEN

BEGIN
WITE(CHYEPOSITIOM);
POSITION -. POSITION + 1;

BE
ELSE IF DVMYPSITION] MUMR8S TH84

1 02



BEGIN
IF POSITION I THENG

BEGIN

WRITE('-.')
WRITE(O(BS));
POSITION - POSITION - I

END;
IF POSITION (a I THEN POSITION : 1;

* EDD
ELSE

BEGIN
IF (CHAMYPOSITION) IN 1CH(SFACE) ,CHR(CR) EN

POSITION:=LEN # I
ELSE

D0; C begin)
END ( if-them-else

FOR POSITI- TO L04 DO
BEGIN

IF (OAMYIPSITION) IN DIGITS) THEN
RFAINTEER:uliIREADINTEEON(VMMY(POSITIG4]) -MRD1'9);

IF OLD THEN NUR:.OLIIER ELSE
-. NtIU.-READINTEGER;

BEGIN

MHIT THESISS; INTRINSIC CODE 25 DTA 26;

INTERACE
USES TURTLEGAPICS;

SNIPFIG: PACKED AWAYIl..S,1..71 OF MOLE;
(YJDC: PACKED ARRMYEI.2,1..1I] OF REAL;

(CTRqYfCTRMlat(LE,IMOAN6E: INTEGERs.

PROCEDURE MOUR(XY,J: INTEGR;
PROCEDW LETTER(XYJ: INTEGER);
PR0CEJRE BOSTRlNS(XqY:- INTEGER; S. STRING);
PROCEDWE cLEAN9O;
PRODM WIMM;
PROCEDURE UPSCALE;
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1ff LDIWATIM4

XC a 14;
YC a 96;

WUE: INTEGER;
* - NIHXTYT: INTEGER;

* 9XvBY,C(,GYqJ: INTEGER;
LR,B,T: INTEGER;

PROCEDUE NIJER;.
BEGIN

MII:J-1;
XT.-X-3;
YT:uY-9;
iPMTOW91YT);

PROCM LETTER;
BEGIN

XT:=X-3;
YT:xY-9;
MOVETC(Xr,YT);
'JA:vcR(MJ' 0('A9));

4 PROCEDURE BOMTINS;
-~ BEGIN

PDEO.OR(NID ;MWJEO(X,Y);
Lz=X-3z- R:X+2+71LEN6TN(S);

FILLSRE2(UM;

P9IOLOR(M4MT; ?OETO,);

POLOR(NOE); XWTO(L+82);
WSTRUE(S);

PROCEDUR M.EU;
* BEGIN
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L.4; ; R:=5 +7 1 40; T:-12;

FILLSIRE4(8ADO;
VI9VRI(3279,I,191);

'1END;

-RCEP DO A;
BEGIN

SCAL.-USCALE / 2;
INITTUIflE;
MNCMLO(NW;
IF MMBLUE ) I THEN BEGIN

FOR J~m I TO MWLE DO BEGIN
OXC:UROI(((YI 1,JJ-XTR)/SCALE)+XC;
BY:R-OH( (8XYI2,J-YCMR) /SCALE) 4YC;

IIJEER(S,mJ); qq~8XB 1)

END;
END;
IF MVWIGE I THEN0 BEGIN

RE J:= I TO IWIG 0O BEGIN
sCIX.RaNu((WcYI ,J1-XCRM/SCALE)+XC;
C0*400( (W[~2J-YCTR)/SCALE) +YC;
DSILOO(SfPFG2,6,07,,(, CY,5);
LETTER(I90,J);

OSD;
END.

END;

PRCDMELSAE;
elmN
SCALE:=SCALE 1 2,-
INITTLRTLE;
PeMca.INWo;
IF tNX9LE ) I THEN BEGIN

FOR heu I TO MAXBLUE DO BEGIN
OXsRID( (UYC I 9J1-XCTR/SCALD) +XC;
aY:.AOII((2Y2,J-YC.) /SCALE) +YC:,
MftBL=(SHIPFlG,2. 1 7,8Bqff5V10);

* NMO(OX98Y4 J):

END;

IFl'WWWINGE ) ITHEMBEGIN
FOR J.- IT M XWW 00 BEGIN

IX.R=I((CXYI 1,J3-XcTm)/SGALEsXC;,
lit sAO( ((2,J -YCTR) /SCAMD +YC;
0mIL&c(SflPF10,2,a9a,79,,KUi%5);

LET O OS;YJ)



END.

EMD;

BEGIN
END.
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