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SUMMARY

The Simulated Tank Anti-Armor Gunnery System (STAGS) is a generic trainer
developed to train TOW, DRAGON, STINGER/ILAW and other missile gunners at a
reasonable cost.

This report describes the research-model/STAGS TOW. The Simulated Tank
Anti-Armor Gunnery System ( STAGS-T) employs multiple microprocessors to solve
the TOW flight equations, generate graphics, generate weapon sounds, and
control stepper motors that move three miniature models on a terrain board. A
computer-generated voice and microprocessor-controllied sound system coordinate
the training sessfon by issuing the standard firing commands. When the
trainee fires, he hears the weapon's ignition. While looking through the
sight, he sees smoke at launch. When the smoke clears, he views the missile
moving down range and the explosion at fmpact. The trainee can use either of
the two simulated sights -~ optical or thermal. Realistic thermal images are
presented in the thermal sight. The instructor can view in real-time both a
TV picture of the gunner's sight picture and a graphics display of gunner
aiming error vs. range. The instructor can recall the missile's flight path
Vs, range.

This model has been evaluated by experienced TOW gunner teams from both
the U.S. Marine Corps and U.S. Army. Assessment of these evaluators was that
the task simulation is highly realistic and that the approach should yield a
high level of training transfer.

A laboratory model was constructed by the Advanced Simulation Concepts
Laboratory, Naval Training Equipment Center, Orlando, Florida, for the U.S.
Army Project Manager for Training Devices (PM TRADE) and the U.S. Marine Corps.
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SECTION I
INTRODUCT ION

This report describes a system using advanced electro-optics and
mi croprocessor technology to enable training of TOW gunners at a reasonable
cost. Anti-armor live-fire training is expensive. Each live round costs
thousands of dollars., The user community finds that presently-fielded devices
and simulators are inadequate for full gunnery training.

TOW is a crew-portable, heavy anti-tank weapon designed to attack and
defeat armored vehicles and field fortifications. The missile is
tube-launched, optically-tracked, wire command-1ink guided. The gunner guides
the missile by tracking the target either through an optical telescope (day
sight) or an infrared night vision sight (thermal sight). The thermal sight
is a passive device that detects heat emissions (infrared energy) from a
target area, converts the infrared energy to electrical signals and then to
visible light and displays the visible 1ight as a real-time scene for tracking
by the gunner.

In the STAGS trainer, the targets are miniature scale model tanks on a
terrain board. Movement of the tanks is accomplished using microprocessor-
controlled stepper motors. A computer-generated voice and microprocessor-
controlied sound system coordinate the training sessions by issuing the firing
commands to the student; this subsystem also supports instructor-selectable
real-time automated student coaching.

When the trainee fires the STAGS-T training device, he hears the gyro
wind-up noise followed by the explosions of the rocket launch.

In the sight, he observes the smoke from launch and, when the smoke
clears, he sees the missile flying down range. The visual explosion at the
final missile impact 1s also inserted in the sight. In mission scenarios, one
or more tank models maneuver over terrain and can move into cover.
Multiple-threat scenarios have been designed to force students to select the
greater threat or to practice target transfer,

After the mission is completed, the computer-generated voice unit tells
the trainee where the missile impacted.

During missile flight, the instructor can view, in real-time, both a TV
picture of the gunner sight picture and a graphics plot of gunner aiming error
vs. range. The instructor can also recall the missile's flight path vs. range.

In summary, key features of STAGS-T are:

. Both the optical and thermal sights are simulated for all-situation
training.

Computer-controlled, computer-generated voice unit issues all firing
commands to the trainee to initiate the firing sequence.
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° Computer-controlled voice may both coach and debrief the trainee, NG

- ) Microprocessors solve TOW flight equations for realistic control
- training.

—~
P
4

o ° Missile explosions as well as return fire are simulated. -
~ A
3: . The student uses realistic missile reaction to in-flight gunnery -
- commands. b
B ° Highly-detailed models maneuver over a hilly terrain board, =
R supporting training of both simple and complex tracking skills, R
o including target transfer and -- for advanced gunnery -- "flying the

missile" around obstructions.
° Cost of expensive targets and missile are not required.

. Video record and playback capability is available.

- [ Random target evasive maneuvers can be selected as a scenario choice.
. .
2# ] Smoke and obscurants may be inserted in the gunner's sight. -
(] Real-time feedback to the instructor include both the gunner's sight
picture and gunner aiming error, GAE, vs. range. .
s ¢
§j Figures I-1 through 1-5 show the STAGS-T laboratory model. :
{ A similar system ( STAGS-D) was developed for DRAGON. The DRAGON system ;
S was well accepted by the user community. STAGS-T also has been demonstrated =
» to experienced gunners, with similar acceptance.
-
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SECTION I1
SYSTEM DESCRIPTION

A system block diagram is shown in Figure II-1. The system consists of
three basic components:

Terrain Board,
Student TOW Station, and
Instructor's Console.

The TOW utilizes a 13X sighting telescope and can engage targets beyond
3,000 meters. Computer-generated imagery, video-disc and movies were X
considered for the display system but they lacked the resolution required for 5
a well-defined target at TOW ranges. To overcome such deficiencies,
model-board presentation was selected. Targets consist of three (3) 1/285
scaled tank models. The models can rotate and simulate motion at oblique
angles as well as toward the gunner or across his field of view. One model
moves on a track as if on a hill; another model is behind the hill and moves
in and out of the cover of the hill. The third model, controlled by a linear
actuator, moves up and down so any degree of defilade can be simulated. This
model can also "bounce" slowly up and down, giving an appearance of movement
on a rough road. The scale models used in the lab model are commercially
available "micro-armor" models and have excellent detail. The models are
moved by intelligent positioning stepper motor controllers. The instructor
selects er.jagement scenario and the Personnel Interface Processor (PIP) loads
the program into an internal program buffer in the stepper motor controller.

While moving the model, the controller functions independently of the PIP and
executes the commands that were stored in the program buffer. Engagement
scenarios are stored in the PIP and are selectable from the instructor's
console by the input terminal. The velocity, direction and range of the tank
targets is in the scenario program. A programmable output pin on the
positioning stepper motor controller is used to synchronize the computer voice
system which issues the firing orders to the trainee. Human-1ike speech
firing commands are given the trainee by a National Semiconductor speech
processor. Vocabulary words used in the system are stored in ROM of the
speech synthesizer system. The operator can also select a "coach" function
which coaches the trainee during the missile flight.

Gunner aiming errors (GAE) are determined using a 100 x 100 photodiode
matrix camera located on the simulated TOW weapon and boresighted to the
sight. The matrix camera views an infrared 1ight source at the target; the
output data is sent to a Missile Flight Simulator (MFS) processor to determine
the GAE. Target location and velocity are also input to the missile flight
system by monitoring the stepper motor pulses. The MFS processor solves the
TOW f1ight equations and provides status to the PIP. The PIP controls the
graphics units which inserts the smoke, missile and impact explosions graphics .
into the gunner's sight. This processor also controls the GAE display on the ‘
instructor's console. This display plots GAE vs. range in real-time. On a .
recall basis, missile position vs. range 1s plotted for debrief of the gunner.
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M
LA
N Both processors, the MFS and PIP, use the Intel 8086 microprocessor. The
s MFS also uses the 8087 math coprocessor. The 8087 coprocessor allows all
( i flight equations to be solved using floating-point arithmetic in real-time and
t expands the graphics capability over the original STAGS-DRAGON.
) '_\:.
HRo The ANTAS-4A night sight is also simulated so the gunner can be trained
e in the use of both day and thermal sights. Simulated thermal targets were Y
B developed and are discussed in Section III-F.
f“ The WFS communicates with a General Instrument sound-producing integrated
el circuit which produces the gyro wind-up, rocket motor, and warhead
59 explosions. Sounds are attenuated as a function of the distance of the
el missile from the trainee.
e A TV screen on the instructor's console provides the instructor with the
- same view as seen through the gunner's sight. TV data are obtained from a
NN CCTV camera located on and boresighted to the simulated TOW day sight.
fﬁf Data printouts for both a hit and various types of misses are shown in
O Figures 11-2 through II-13.
';5 The instructor reviews, in real-time, gunner aiming error vs. range. He
>l can recall, after the missile flight, the missile position vs. range. Various
o phenomena due to poor gunner performance are also simulated, i.e., lost
“:}2 guidance, etc.
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SECTION III

SYSTEM DESIGN
ELECTRO-OPTICS SUBSYSTEM
The electro-optics subsystem is designed to support the following functions:
(1) Obtain data to measure the gunner aiming error.

(2) Simulate the day sight and insert smoke, TOW missile flare, impact
explosions and atmospheric phenomena.

(3) Simulate the night sight and insert launch motor blooming, TOW missile
flare and missile impact explosions.

A block diagram of the electro-optic subsystem is shown in Figure III-1.

In order to measure GAE with the required resolution on a target, a 508 mm
focal length ruggedized Questar telescope was used. The 100 x 100 photodiode
matrix camera has a square detector of 0.6 cm x 0.6 cm. The FOV of the system
is 11.8 mr. To simulate a target at 3,000 meters, a 1/285 scaled model is
used. The terrain board is located 34 ft. 6 in. from the trainee. At this
range the matrix detector views a square, 4.89 in. x 4.89 in. The resolution
across the 4.89 in. FOV is 0.0489 inches/pixel. 1In the real world, this is
equivalent to + 6.96 inches/pixel or ¢ 3.48 inches per one-half pixel on a real
tank at a range of 3,000 meters.

The ruggedized Questar telescope lens is used to collect data for both the
matrix camera and gunner's sight picture display.

An infrared source is located slightly above the target. The 100 x 100
photodiode camera is boresighted to the optical sight and is used to measure the
GAE. The TV camera provides basic scenic video which, when mixed with computer-
generated graphics, yields the sight picture shown on the console TV screen.

When using the "day sight," the trainee looks through a real TOW sight. The
sight has been modified to insert generated graphics data from a miniature TV.
Smoke, explosions, and the TOW missile are inserted.

When using the "thermal sight" or "night sight," the trainee 1ooks at the
terrain board in a darkened room. The terrain board is illuminated with both a
dim red base 1ight (to provide background) and a sight-mounted red “"spotlight."

The models are selectively painted with retro-reflective paint. Paint is
placed on only those areas of the target where the temperature is above ambient,
i.e., the road wheels, engine compartment, etc.l A small collimated red 1ight

1 Thermal signature patterns are modeled after those shown in Palmer, John E.,
John D'Agostino and T. Jack Lillie; Infrared Target Recognition Handbook (IRTH);
U.S. Army Night Vision and Electro-optics Laboratory, Ft. Belvoir, VA, 1982.
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N source (the "spotlight") is located directly above the simulated night sight
R telescope. The telescope has the same field of view as the operational
thermal sight. The beam size from the small light source just overfills the
simulated night sight FOV. The intensity of the light is dim enough that it
cannot be observed by the trainee unless he is observing reflected light
through the simulated night sight. When the gunner's sight is on the target,
light from the 1ight source is retro-reflected back from the target into the
telescope, making the target appear as if seen through a night sight. Strong
reflections occur from areas on the target painted with retro-reflective
paint. These areas are the hot areas so the gunner sees a simulated thermal
signature. Because the retro-reflected light is directional, only the person
looking through the sight simulator can see the retro-refiected 1ight from the
target. The TV inserts both the missile flare and the simulated raster scan
1ines seen in the real night sight.
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B. MICROPROCESSOR SUBSYSTEM

The STAGS-TOW trainer relies on both general purpose 8-bit single-chip
microcomputers as well as 16-bit high speed single board computers containing
state-of-the-art floating point math coprocessors. The system is shown in
Figure 111-2.

Single chip microcomputers are used to relieve the Missile Flight
Simulator (MFS) Processor and the Personnel Interface Processor (PIP) from
time-consuming tasks. The Cybernetics CY512 and Intel 8741 microcomputers are
used as intelligent stepper motor controllers and a stepper motor
coordinator. A National Semiconductor single-chip computer is dedicated to
producing computer voice feedback and a Zilog Z-80 controls aspects of the
computer graphics.

The MFS is the master processor for the STAGS-T system. This processor
commands and interrogates all the sub-processors. The MFS board uses an

Intel 86/12A microprocessor with an 8087 high speed math coprocessor. Upon
completion of the flight calculations the MFS delivers flight information as
well as gunner aiming information to the PIP. Target evasion control and
computer voice control timing are provided by the MFS.

The PIP microcomputer is also an Intel SBC 86/12A single board computer.
Grey scale computer graphics for visual simulation of launch, missile, smoke,
haze and impact explosions originate from this processor. Instructor graphics
are generated and instructor keyboard inputs obtained through the PIP.

Model board control is accomplished via a chain of command starting with
the instructor's keyboard request for a particular scenario. The selection is
routed from the PIP to the Intel 8741 stepper motor coordinator, The stepper
motor coordinator then routes the scenario sequence to the appropriate stepper
motor controller. Positional information is routed back to the MFS via the
stepper motor coordinator when it receives a request.

TOW flight simulation is provided using point mass missile dynamics
restricted to the dominant roots of the system characteristic equation. The
damping and natural frequency coefficients conform to values presented in the
TOW Weapons System Characteristics Document (T-24) (Rev. A.), Hughes Aircraft,
13 Nov 1981. Missile motion is referred to the gunner-target line which is a
moving axis unless the target is stationary.
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The second order system response characteristic of the dominant roots
implies a "Type 1" closed loop control system. Such systems provide accurate
steady-state response for a stationary target but develop errors for moving <
targets. The simulation effectively removes such errors by adding an offset

e T TR
. L6

ﬁ§ to the line-of-sight, the offset being determined by the angular velocity of :
%) the line-of-sight. :
) :
“ The flight equations are discussed in detail in Appendix A. -
I‘ ;.
o The MFS software is divided into seven modules. The individual modules :
-2 are described below. For program module 1istings, see the Appendices. -
Main TOW Module

4 The Main TOW Module is the central module of the Missile Flight Simulator

A (MFS). Upon reset, it begins the simulation by invoking the procedure PROLOG

» in the TOW SPEECH MODULE. This causes Digitalker (computer voice subsystem)

. to issue several commands, including the fire command. The module then waits

N for a trigger pull., If the gunner has not fired in two seconds, the fire

- command is repeated. If the gunner does not fire within three additional

- seconds, the simulation is aborted. Upon a trigger pull, launch sounds are

. generated and the simulation variables are initialized. The module then

5 enters the main loop, successively invoking YZCNTR, FLIGHT, and DODGE until

- the FLIGHT procedure sets the FINISHED flag. YZCNTR obtains the gunner aiming

error (GAE) in half pixels. The FLIGHT procedure in the TOW FLIGHT MODULE i
then uses the GAE to simulate the next forty milliseconds of the flight. The ~
DODGE procedure in the MAIN TOW MODULE then checks for the possibility of

(“ target evasion. 1If evasion is enabled, this procedure sends a program to the
A target motor controller with random steps, rate, and direction. The
conditions for evasion are outlined in the DODGE procedure listing.

5 P

When the simulation is finished, several buffers are filled with comments N
that the PIP reads and displays on the instructor's monitor. If the missile -
— flew past the target, the miss distances at the plane of the target are
converted to ASCII and placed in the H-MIS-ASCII and V-MIS-ASCII buffers. If
the missile fell short, the distance from the target is converted to ASCII and
placed in the X-MIS-ASCII buffer. If the missile hit the hill, or left the
field of view, the appropriate special comment is placed in the X-MIS-ASCII
buffer as described in the module listing. After the comments have been
generated, the module invokes the EPILOG procedure in the TOW SPEECH MODULE.
The procedure executes verbal debriefing. Finally, the module enters an
infinite Toop waiting for a reprise request from the instructor.
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TOW F1ight Module

IO

This module consists of three procedures. INITIATE-VAR initializes
variables used by several of the modules. The FLIGHT procedure performs the
actual flight simulation. It first converts the GAE obtained from YZCNTR to o
radians, then it invokes ACTIVE-TRACK in the TOW TARGET MODULE to determine :
the number of the target track. The TARGET-DATA procedure in the TOW TARGET
MODULE is then called. This procedure updates HTARG and several variables
used by other procedures in the target module. FLIGHT then checks for sensed
excessive gunner control movement within 3 seconds of launch -- which
symptomizes 1oss of control. 1If the "excessive movement" condition exists,
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the FINISHED flag is set and a ground explosion sound is generated. FLIGHT
then determines if the missile i{s within eight feet of the target. If it is,
CURRENT- TRACK, which encodes the target track number, is used to invoke the
appropriate TRACK procedure in the target module. These procedures ascertain
whether the missile hit or missed the target as described below in the TOW
TARGET MODULE. Once the missile is within eight feet of the target, the
FINISHED flag is set, and a ground explosion sound is generated if the missile
flew past the target. The FLIGHT procedure then updates the values of the
missile parameters. These values are then used to calculate the new values
for OFF-H and Z. FLIGHT then invokes the GROUNDED procedure in the TOW TARGET
MODULE.

The GROUNDED procedure checks for missile ground impact. FLIGHT then
examines the GAE to determine whether the missile left the field of view.
FINISHED is set in this case. Finally, the missile data sample used by the
H-REPRISE procedure is updated., H-REPRISE sends Z and OFF-H samples from the
flight to the PIP which displays this data on the instructor's monitor.

This module incorporates code which allows the target to be located on any
track in any position at the time of missile impact. Further, it permits
target switching during the simulation. Because only one motor count can
currently be maintained by the SMC (Stepper Motor Coordinator), these features
are not presently required and have been disabled as outlined below.

The target module consists of six major procedures. Because target
switching is not currently used, ACTIVE TRACK sets the FLIGHT procedure
variable CURRENT TRACK to STARTING TRACK, since TARGET SWITCH is initialized
to zero by INITIATE-VAR. STARTING TRACK is filled by the PIP when the
instructor selects the scenario. TARGET DATA updates HTARG, and calculates
the value of ALPHA, the rotation of the target on track 3 in radians. Because
the count for motor 5 is not presently available, INITIATE-VAR sets ACNT, the
counter for motor 5, to zero, unless scenario 9 is selected, in which case it
is set to 90 degrees. Because the count for motor 4 is not currently
available, INITIATE-VAR sets DCNT, the linear actuator count, to 550.
Consequently, DEPRESSION DEPTH is always zero and the GAEZ and the vertical
tank dimensions are not modified. If the target is on track 2, the slope of
the hill and its height at the target position are obtained for use by the
TRACK 2 procedure when the missile is within eight feet of the target.
Finally, TARGET Z is calculated for use by the GROUNDED procedure. The UPDATE
COUNTS procedure is used to acquire the target count. It is capable of
obtaining any one of the five motor counts. However, this code is not
currently used, since the SMC maintains only one count.

The GROUNDED procedure simply determines whether the missile hit the

ground. The TRACK 1, TRACK 2, and TRACK 3 procedures determine whether the
missile hits or misses the target on the respective track.
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TOW Speech Module

This module consists of two major procedures, PROLOG and EPILOG. PROLOG
waits until the scenario is selected, then it uses STARTING TRACK to turn on
the target IR light. If the instructor selects the day sight, it causes
Digitalker to say "Use Day Sight," otherwise it says "Use Night Sight."

PROLOG then waits until the motors start before issuing "Alert. Tank." The
direction is obtained from the EAST WEST flag set by the PIP. After saying
either "East" or "West," it causes Digitalker to say “"3,000 Meters,” pause one
second, and "At My Command." PROLOG then waits for a fire signal from the
target motor controller. Upon receipt of the fire signal it causes Digitalker
to say "Fire."

EPILOG causes Digitalker to say "Cease Tracking" followed by a one second
delay. If the missile hit the target, it says "Hit." Otherwise, it uses the
ASCII miss distances in H-MIS-ASCII and V-MIS-ASCII to derive the code
required by Digitalker to say the miss distances. If the missile fell short,
the X-MIS-ASCII buffer is used for the same purpose, unless a special miss
comment is in the buffer, in which case Digitalker says nothing.

Tow Utility

This module contains four procedures, MISS COMMENT is used by the MAIN TOW
MODULE to convert miss distances from real format to ASCII format. MISS
COMMENT in turn uses the HX2AS procedure which converts an integer to ASCII
format. The SOUND procedure used by several modules uses the WHT KIND
parameter to place signals to the sound system on the parallel connector. The
PP1 ST procedure simply sets up the 8255 on the MFS 86/12 board.

TOW XF and TOW IR

TOW XF transfers 1ine-by-1ine data provided by the photo-detector line
array processor into a complete picture array. TOW IR analyzes the IR-spot
data array provided by TOW XF to compute the horizontal and vertical gunner
aiming error including auto-boresight. These are the only assembly language
modules and were originally written for DRAGON.

C. COMPUTER GRAPHICS AND VIDEO SUBSYSTEMS

Computer generated real-time graphics are controlled by the Personnel
Interface Processor. A computer graphics board, EIA sync generator and
phase-1ocked-100p synchronization circuit coordinate the various raster scan
CCTV monitors. Figure I1I1-3 shows the complete graphics and video subsystem.

TN NN

A mini-monitor is used to insert real-time video graphics for the gunner
optical sight while a second mini-monitor is used in conjunction with the
thermal sight to produce thermal video effects. These graphic effects include
launch obscuration, haze, rocket motor burn, missile flare and impact
explosion,
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Real-time graphics are also generated for the instructor console.
Vertical and horizontal gunner aiming error vs. distance, in 100 micro-radian
units, is displayed. For follow-up analysis, graphics are presented showing
missile position relative to an imaginary target line between the gunner and
his target.

Real-time video graphics are generated by the Personnel Interface
Processor (PIP). The PIP receives gunner aiming error information from the
missile flight simulator processor (MFS) as well as missile angle from the
Tine of sight of the gunner to the missile position. The gunner aiming error
is used to position the final explosion (hit or miss) in the TOW sights.

Smoke and haze are simulated in the TOW optical sight and blooming in the
thermal sight by modulating the background level, i.e., overall grey scale
setting of the entire graphic video insertion in the gunner sight.

The final explosion of the missile and/or tank is simulated at the end of
the TOW flight and inserted, via the RGB-256 graphics board, into the gunner
sight. The explosion is a series of geometric star shapes indicating either a
hit or miss. The PIP uses the missile-to-aim-point information to position
the explosion wherever the missile was as it impacted the target or ground. A
ground explosion is similar to a target explosion, however, it differs by only
exploding in an upward sense. Thus, the TOW gunner has visual feedback
through his sights indicating hit and miss. The computer generated graphics
are passed directly to the gunner's sights through Hitachi YM154A,
one-and-a-quarter-inch, closed circuit television (CCTV) monitors.

The TOW computer graphic visual presentation is prepared by the PIP. In
addition to this processor a computer graphics board, a phase-locked-loop sync
board, and an EIA composite sync generator are used.

Computer generated graphics provide three major functions:

a. Real-time video graphics are generated for the gunner day sight.
These graphics include a simulated missile, marker flare, smoke, and a final
explosion.

b. Real-time video graphics are generated for the gunner night sight.
These graphics include a simulated missile, marker flare, image flare due to
hot gasses, and final explosion.

c. Real-time graphics generated for the instructor indicate both
vertical and horizontal gunner aiming error. Also, for follow-up analysis,
graphics may be presented for gunner aiming error vs. distance and missile
position vs. distance.

Gunner's sight real-time computer graphics are generated on a Matrox model
RGB-256 (256 x 256 x 4) graphics board. The Matrox graphics board produces
256 pixels horizontally by 256 pixels vertically by sixteen levels of grey
scale. The sixteen levels of grey scale provide for a range of visual
intensity which allows for smoke generation which varies from fully
transparent to completely opaque in sixteen discreet levels. The Matrox
RGB-256 is a graphics imaging system in which a complete grey scale capability
has been integrated onto a single printed circuit board. The card includes
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built-in NTSC (American) and PAL (European) grey scale encoders which can

- provide up to sixteen shades of grey. The encoders permit the RGB-256 to

- directly drive standard low cost black and white TV monitors on a single

e 75 ohm cable. It features the industry-standard Intel Multibus which makes it
b - directly bus-compatible with all Intel single-board computers.

Real-time video graphics are generated by the PIP. The PIP receives
gunner aiming error information from the MFS as well as missile angle from the
line of sight of the gunner to the missile position. The gunner aiming error
is used to position the final explosion (hit or miss) in the TOW sight.

Gunner Graphics

TOW sight graphic missile simulation is accomplished by deriving the
missile position. Second, the size of the missile flare is determined by the
elapsed time since the missile launch. Third, the flare brilliance is
determined by the elapsed time since launch.

The flare size shrinks from 10 pixels down to 1 pixel from launch to
maximum range. The brilliance decays from a level of ten (with fifteen being
most brilliant) to a level of zero at maximum range.

An cctagon was selected as the simulated missile shape as this can be
quickly calculated for real-time graphics. This shape appears mostly as a
circular area to the TOW gunner.

Smoke and haze are simulated in the TOW sight by modulating the overall
grey scale setting of the entire graphic video insertion in the gunner sight.
It is possible to tell the graphics board to "erase" to any given grey scale
lTevel between zero and fifteen, with zero being black (transparent in the
?unner's sight) and fifteen being white (opaque in the gunner's sight). The

evels of background are modulated with time to effect a smoke and/or haze
simulation. A typical smoke simulation might consist of starting from level
zero rising to level fifteen, dropping to level eight, back up to fifteen,
down to four, up to eight and down to zero during a period of one to two
seconds.

The final explosion of the missile and/or tank is simulated at the end of
the TOW flight and inserted, via the graphics board, into the shapes
indicating either a hit or miss. The PIP uses the missile-to-aim-point data
to superimpose the explosion at th«: last calculated missile position. A
ground explosion differs from a target explosion by exploding only in an
upward sense and for only half the duration of a target explosion. This
difference provides the TOW gunner with visual feedback through his sight
indicating hit or miss. The computer generated graphics are passed directly
to the gunner's sight through an Hitachi VM154A one-and-a-quarter-inch closed
circuit television (CCTV) monitor. The optical arrangement is shown in
Figure I1I-1. The television screen appears at infinity along with the viewed
scene through the day or thermal sight. One CCTV camera is mounted inside the
TOW day sight and another in the thermal sight. Video support electronics are
located as near as possible to the cathode ray tube for maximum high frequency
response,
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Instructor's Console Graphics

The instructor console graphics subsystem is composed of two units, (1) a
video replica of the gunner sight picture and (2) a graphic plot of gunner
aiming error vs. distance or missile position vs. distance.

The representation of the gunner's sight is accomplished by mixing the
output of the gunner sight TV camera with the video graphics presented to the
gunner's sight. This composite picture thus presents to the instructor an
image of the gunner's view. In addition, the flight time of the simulated
missile and the current date are notated at the bottom of the screen.

Scenic coverage of the model board is by a closed circuit television
(CCTV) camera mounted outboard on the day sight housing. This camera is
boresighted to the gunner's day and thermal sights. The camera used is an RTA
TC-2021 /N with a NWICON camera tube, The CCTV video is combined with that of
the Matrox RGB-256 graphic generator. The combination of CCTV video and
computer graphics is then a representative visual image of the gunner sight
picture except for the crosshairs. Crosshairs are added, to complete the
instructor sight picture display, by passing the video presentation through a
Colorado Video Model 260 electronic crosshair generator.

The graphical plots of the gunner aiming error (GAE) vs. distance, in 100
micrc-radian units, for both azimuth and elevation error are presented in
real-time during missile flight. The graphs show the actual gunner aiming
errors as well as any loss of guidance during the flight. The trainee name,
scenario number, range of target, and type of sight used for the scenario are
notated on the margin for record keeping.

For a miss, the displayed results show the deviation from target in meters
and tenths of meters where the missile passed the target plane. If the
missile struck the ground before passing the target, a message is displayed
stating "GROUND IMPACT" as well as the distance remaining to the target. If
the target is hit, then either "HIT KILL" or "HIT DISABLE" is displayed. A
"HIT KILL" is proclaimed if the missile has been calculated to have impacted
within the center third of the target, likewise, "HIT DISABLE" is proclaimed
if the missile impacted the target outside the center third of the target.
(See Figures I1-2 through II-5.)

After the missile impact a reprise of the flight may be calied. The
missile position vs. range in both azimuth and elevation is replayed on a
real-time basis. This display as well as the gunner-aiming-error display may
be printed out on a hard copy printer in less than twenty seconds time.
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D. COMPUTER VOICE SYSTEM

Human-1ike speech firing commands are given the trainee by a speech
processor. The computer-generated voice can also coach the student when
selected, i.e., "high," "lTow," "right" and "1eft." The computer-generated
voice unit also tells the trainee where the missile impacted and when the
mission is completed. The computer-generated voice serves to coordinate the
training session by issuing the firing commands at a specific point in the
scenario, thus relieving the instructor of this task.

Firing commands consist of the following:

[Squad]

[Tanks]

[North]

[South]

[East]

[West]

[3,000]

[Meters]

[At my command...Fire]
[Cease tracking]

Debrief commands consist of:

(Hit]
[Miss]
[(Hignh]
[Low]
[Ri ght]
[Left]

followed by distance in meters, i.e., [Miss - High - Ten Meters].

The computer voice is generated using a board containing a National
Semiconductor "Digitalker" Speech Chip and Speech ROMS. The board also
contains an Intel 8741 Programmable Peripheral Interface chip, random logic
for address decoding, and analog components to filter the output of the
"Digitalker." This system produces a natural sounding voice under the control
of the Missile Flight Simulator (MFS) board.

Refer to the block diagram in Figure III-4 for the discussion in this
section. The circuit schematic is shown in Figure III-5 through I11-8.

The 8741 Programmable Peripheral Interface connects the National
Semiconductor "Digitalker" to the Intel "Multibus" which this system uses for
inter-board communication. The 8741 performs two functions. First, on
power-up or system reset, it performs a routine which set up the speech chip
in the proper configuration. Secondly, the 8741 translates between "Multibus"
and "Digitalker" bus signals.
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Computer Synthesized Voice Subsystem Schematic (1 of 3).
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Computer Synthesized Voice Subsystem Schematic (3 of 3).




The speech chip accepts data from the 8741 and processes it to produce an
analog signal representing the desired word or phrase. The data are actually
the beginning addresses of code for the desired words or phrases in the speech
ROMS. When the speech processor receives a proper beginning address, it reads
the data and converts the digital coding into an analog output. This output
is the desired word or phrase plus a large number of high frequency
harmonics. These harmonics must be filtered out in order to produce
intelligible speech. That is the purpose of the analog filter on the board.
The output of this filter can be amplified or used to drive a small speaker
directly.

A UA723 quad op-amp chip with appropriate resistors and capacitors is used
to implement a band-pass filter with the frequency response recommended in
Figure 5 of National Semiconductor Application Note 252 (by Jim Smith and Dave
Weinrich, December 1980).

Provision has been made to install a Burr-Brown PGALOOAG
Digitally-Controlled Programmable Gain/Multiplexed Input Operational Amplifier
chip in the circuit between the filter and the speaker. This makes it
possible to add software gain control of the speech by -instaliing the chip on
the board.

In order to use the computer voice boards, it must be plugged into the
"Multibus." The address for data is ODOOOH and the address for the 8741
status register is ODOO2H. Before data are sent to the computer voice board,
the controlling processor must first check to see if the 8741 is ready to
receive data. This is done by reading the status register and checking the
second bit (bit 1). 1If the bit is a logical one then the computer voice board
is busy and the controlling processor (MFS board) must wait until it is not
busy. The "Multibus" inverts all data and address information. The address
decoding logic of the Computer Voice board re-inverts the address. Therefore,
the address should be send "true." All data, however, must be sent inverted
or inverted upon reception.

Once the controlling processor has determined that the computer voice
board is ready to receive data, it writes a byte of data to the data address.
The busy flag must be checked before each byte is sent.

For each word or phrase that is to be spoken, the computer voice board
must receive three bytes of data. The first should be the page of memory
where the data are located. The second is the address of the data within the
page. The third is the volume desired. Since the volume control chip has not

 been installed, this byte has no effect on the speech. The byte must be sent,
however, because the software in the 8741 expects to receive volume control
information and the board will not function without it. The volume control
byte may have any value; however, to be safe should the volume control chip
ever be installed, this byte should be zero. This makes the software fully
compatible with the volume control chip, whether or not it is present on the
board.
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The computer voice board will remain busy until it has completed saying a
word or phrase unless it is reset by the system reset. Since this is in the
millisecond range, it may cause problems for the controlling processor unless
this is taken into account when software is written.

A flowchart of this software is provided in Figures II1-9 through I1I1-11.
A source code listing is included in the Appendix of this report. The first
section of code initializes the computer voice board. The gain control word
is set to zero to produce unity gain. The 8741 contains a short routine which
causes the speech chip to initfalize itself. This is necessary because the
speech chip has no hardware reset pin. It is therefore necessary to send a
set of commands which cause the speech chip to cycle through its built-in
routine and stop at the beginning of the routine.

After the initialization has been completed, the 8741 enables its data-bus
interrupt and enters a software halt l1oop. The status register will now show
that the 8741 is ready to receive data. Reception of the first data byte,
which should be a page number, causes the 8741 to enter a loop which inputs
the page number, the word address, and the volume control byte and stores them
in its internal RAM. Once all three control bytes have been received, the
8741 proceeds to output the proper control signals to latch this information
into speech ROM address decode logic, the speech chip, and the volume control
chip. When this process is complete the 8741 reenters the halt loop. The
purpose of receiving all three bytes before outputting anything is to minimize
the time that the controlling processor must remain tied up sending the data.

A description of the controlling processor is contained in the TOW Speech
Module. The controlling processor and its operating format are described in
TOW Speech Module (Sec. III C, above).

The speech data in the speech ROMS are encoded to reduce the amount of
storage space needed. This is done in a number of steps. First the waveform

is phase-angle adjusted to produce mirror symmetry. Second, the low-level
portions of the waveform are replaced with zeros. Delta modulation is used to
encode the remaining waveform., As a result, only one fourth of the original
waveform actually must be encoded. These data, along with information on
periods of silence (zeroed section of the waveform) and mirroring are all that
need be stored. The speech chip uses this stored information to reproduce an
approximation of the original waveform that is close enough to the original
that, with the proper filter, amplifier, and speaker, the original speaker can
be recognized. For further information refer to National Semiconductor AN-252.

The computer voice board is used for three basic purposes which will be
described in the following paragraphs. These are: (1) coaching the trainee
during a missile simulation, (2) debriefing the trainee at the end of a
simulation, and (3) assisting the squad leader by generating the repetitive .
commands specified by the TOW manuals.

Coaching is an optional function that uses words such as "low," "high,"
"Teft," "right," etc., to correct the trainee's aim. Coaching is selected by
typing a control-C character (i.e., by holding down the key marked "CNTL" on
the keyboard and pressing the letter "C"). A control-N will disable the
coaching.
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At the end of a simulated missile flight, the system will announce "hit"
or "miss" according to the student's performance. Further, if a miss
occurred, the direction and distance of the miss will be announced,

The TOW manuals recommend a number of repetitive commands, such as "squad,
tank, east, 3,000 meters," and "fire," which the system issues by using the
computer voice board. These commands are used during each missile flight
simulation as appropriate to the selected scenario.

The computer voice provides coaching, debriefing and the issuance of
repetitive commands. Voice recognition offers the possibility for future
system enhancement by allowing personnel to communicate verbally with the
system controls.

E. COMPUTER GENERATED SOUND SYSTEM

Simulation of sounds produced during an actual TOW missile firing is
accomplished by interfacing a pair of Intel 8748 microcomputers to three
General Instruments AY-3-8910 programmable socund generators. These
mi crocomputers are referred to as the TOW SOUND CONTROLLER (TSC) and the
RETURN FIRE CONTROLLER (RFC) in Figure I1I-12, Also shown on the block
diagram are the three programmable sound generators, PSG-A, PSG-B and PSG-C.
Figure I11-13 is a detailed schematic of the interconnections between these
devices.

Data necessary for the PSGs to produce sound are stored in the permanent
memory of the TSC and the RFC. During missile flight time, the MFS processor
simply selects the sound to be made and communicates its choice over the 4-bit
bus designated in Figure III-13 by lines INTERRUPT, DATA1l, DATAO, and RETURN
FIRE. This approach allows the MFS processor to handle sound-making decisions
with minimum time taken from its primary functions. The table below describes
the choice of sounds available to the MFS processor and the corresponding
4-bit bus value:

INTERRUPT / DATAL / DATAO / RETURN FIRE
(1) Gyro wind-up, 0 1 1 1

Launch explosion, and
Rocket motor burn

(2) Target hit explosions 0 1 0 1

(3) Ground impact 0 0 1 1
explosion

(4) Return fire sounds 1 X X 0

Microcomputer RFC is dedicated to producing return fire sounds only.

PSG-C is connected directly to the RFC and is dedicated to it. 1If the 4-bit
word shown in (4) appears on the bus (DATAl and DATAO are "don't cares"), then
a sound simulating an incoming round is produced. It is recommended that
either an 8749- or an 8751-based sound system be implemented in future
prototypes in order to provide a broader range of sounds within a single chip.
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E}j The MFS processor detects trigger pull and signals the TSC with the 4-bit

Rt word shown as (1) in the table above. No more than 15 microseconds are

- required by the TSC to capture the values of DATAL and DATAO on port 1. The

TSC decodes this word to mean trigger pull and initiates a sequence which
automatically produces a 1.5 second gyro wind-up sound, followed by a Taunch
explosion, followed by a 0.5 second rocket motor burn, and ending with a sound
which simulates the missile fading into the distance. Likewise, if the TSC
decodes the word as shown in (2) then a series of 3 explosions, increasing in
amplitude, are produced through PSG-B. A single ground impact explosion is
produced through PSG-B when the word in (3) is decoded. Complete software
listings for the TSC and the RFC are shown in Appendix D.
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The General Instruments programmable sound generator is a 40-pin, 8-bit
device with microprocessor compatibility. The device features three
independent analog channels, each with access to its own tone generator. A
16-control register array communicates to the microcomputer through -n 8-bit
bi-directional port. Four lines are alloted for bus control logic (read,
write, and chip select). Each tone generator looks to two registers within
the array for a 12-bit tone period. A range of frequencies covering the full
eight octaves of the equal-tempered chromatic scale is available,

Pseudo-random noise may be mixed to any or all channels from a noise
generator with basic frequencies of 4 Khz to 125 Khz. Two modes of output
control are available for each channel: fixed and variable amplitude. The
fixed lTevel amplitude mode selects an amplitude specified in the array by the
microcomputer. For use in this system the variable amplitude mode is
selected, forcing an envelope generator to control the shape and cycle of all
outputs. Controlling tne envelope generator is a 16-bit tone period within
the array allowing for frequency ranges of 12 Hz to 8 Khz and a 5-bit
shape/cycle control register. Three D/A converters supply O to 1 volt signals
to the output channels,

F. MINIATURE TARGET BOARD

The STAGS-TOW 1ab model sight optics yield magnifications and
fields-of-view replicating those of the operational sights of approximately
3000 m. This scale range was chosen so as to take advantage of ready
availability of 1:285 scale models. These models are commonrly used in
war-gaming and come in all NATO and WARSAW PACT vehicles.

These low cost models are manufactured by “"Micro Armor" and have excellent
detail. The models are modified so that they ride securely along the track
and are easily interchangeable.

In order to provide a variety of scenarios with which a trainee can engage
a target, three tracks with unique characteristics have been mounted inside
the terrain board. Targets on all three tracks run perpendicular to the
trainee's line of sight and can move either left-to-right, or right-to-left.
The chain mechanisms which carry the targets along the tracks are driven by
Superior Electric "S10-Syn" synchonous/stepping motors with 200 steps per
revolution. The frontmost track (Track 1) has the added capability of
vertical movement of the target. An Airpax linear actuator is mounted with
the chain mechanism and raises or lowers the target to simulate moving over
rough terrain, or driving into (out of) a ravine. The center target (Track 2)
moves over hilly terrain and developes the trainee's skill at combined

e a i) Ao
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b elevation-and-azimuth control of the missile. The rearmost target (Track 3)
oS moves in and out of cover provided by the hills of Track 2. This target can
rotate about its axis while moving laterally which, through the sight, appears
as a frontal or oblique target. Rotation is imparted through a North American
Phillips stepping motor (7.5 degrees per step) mounted with the chain
mechanism. Al1l motors are driven from similar Darlington drive circuits,
shown in Figure 1I1-14. These drive circuits reside inside the terrain

board. Four Darlington pairs exist for each phase of a stepper motor.

Al1 targets move across AO0-inch tracks. The stepper motors traverse this
distance in 5,240 steps, which equates to a positional accuracy of .0076
inches at any point along the track. By using the 1/285 scale models, the
position of a tank at a range of 3,000 meters in the real world is known to
within 2.18 scale inches.

Each track has an infrared 1ight source which moves with the target. The
light is provided by an incandescent lamp filtered by an 87C Kodak Wratten
Gelatin filter. A light pipe is used as a conduit and is bent to project the
light toward the student station. The lamps operate independently and are
controlled by the MFS processor, Scenarios av- written in a manner which
provides a single light source throughout the i ssile flight. In this way,
multiple targets can be presented to the trainee so long as only one target is
present when the missile reaches the target plane. This concept also provides
for a transfer of targets during the first seconds of flight time. The driver
circuit for the lamps is mounted inside the terrain board; the schematic is
presented in Figure 11I-15.

A model-control board resides within the instructor's console. Five
intelligent stepper motor controllers are mounted on this board, each
dedicated to one of the five stepper motors driving the targets.

Figure I11-16 is a block diagram of the model-control board and Figure 111-17
is a detailed schematic.

The controllers utilized are Cybernetic Microsystems CY512. The CY512
controller is a standard five-volt, 40-pin LSI device configured to control a
4-phase stepper motor. The CY512 interfaces to a microcomputer through a
bi-directional 8-bit port. High level commands sent to the CY512 are stored
in an internal program buffer. The CY512 then acts as a stand-alone device
controlling the stepper motor in accordance with the program in the buffer.

Scenarios are selected at the instructor's console. These scenarios are a
sequence of high level commands stored in the PIP. When the instructor
initiates the scenario, the PIP passes these commands to the Stepper Motor
Coordinator (MC). This device is an Intel 8741 Universal Peripheral Interface
which resides on the model-control board (see Figure I11-17). The MC decodes
the data from the PIP and routes the high level commands to the proper Stepper
Motor Controller (SMC-1 through SMC-5 in Figure 111-17). Two input/output
(I/0) expanders (Intel 8243s), shown as IOE-A and IOE-B on Figure I11-17,
provide the MC with the 1/0 necessary to monitor and control the flow of data
to all five SMCs.

47

o T T e T T e e - R N E I ) .. Sl el et LT et e e s
. e e A N e AT L e U N SN e e
“‘.:!7‘:{‘.5.~‘.:‘:- ..’:‘_’ -._- --'n' .-’( o & .'._. R A S R R SR XA -‘.'.\ B A .



el

X <

s

N o I
Tt

o
s 4+ - B
LR Vs N
'

v
R
I

.
S {A.f"(\ Iy

-
.0
Y
-
.
L
Eaiy
Ll
~

Ll ]
g
. v
R

-'.. ¢

A
T I

a
TR AR
ol e

el

-

. .
. \\."

AR B B gt e S S A A e SRR A T AT

*4.2v

Figure 111-14.

’ v - - " ‘. - Tt . e - ‘e - b . ..- . D-' - . o - - -
o my LTt - LS P N R S P P O AU P L R U
LRI VIS A PSRRI N A PG PRPEE S PR ST NP TN U U TP L ST R GRS IR IP SR DRI S8 WAL

l 3K 7.5K

Stepper Motor Drive Circuits.

48

Cav . e PP PR
oL P T RN
NP A .
AL .




- *5V

o .
m FROM 16 ‘ \ L
St MFS PROCESSOR 1 T " Iis - \
o 2 ] — — 102 INCANDESCENT :
- 31— - = - e 5W LAMP

‘ B

a|l ] L s
51~ | | _ 2
. el | 11
-— e o= -
_ 7 ] - — 10

" 8 NE5503 2 _A_ LAMPTEST

e

\'.

f::ji TYPICAL CIRCUIT - ONE PER TRACK

»x? Figure I1I-15. IR Source Driver. ,
" }
=

.-:.. ub )
e STEPPER MOTOR STEPPER ) -

- t o
{ coonpinaToR co.‘.‘f.:'é’&ea:D@ ——"‘———Tm” g
s a9

(SMC 1) STEPPER

- DATA MOTOR

i
TOADC

ubP

swcz [

TRACK 2

>
. CONTROL "o .T> .
S FROM MFS ‘
1::-:- Paoczssond I-‘c <T—’—_> EX‘:"::N:,E;‘ ?—J Cl_ ; .
‘ ‘-J e - :"‘ S smea F N::) m -

—>

[

TRACK 3

ub
A

SMC -4 )‘ :: ) !
B | vRACK 1
__J UNEAR
ACTUATOR

t

-—-

e w1 ] o

ARKY 8SMC 5 :::)@ —g

o) »

poe “FIRE!" COMMAND __}' Ej TRACK 3

SRS TO DIGITALKER BOARD ROTATOR
- W -

o

e Figure II1-16. Terrain Board Control System.




» Onesaw0 y
¥OLON wBee M

AR ....-

P AT -.....-.
I B AN I 1Y

PN SN )
(NI L A )

A A X YRR R

*3L3ewWdYOS wa3SAS |04JUO) pJeOg uLeusd] °/T-]111 @4nbi4

] ;
FL] g n
¢J.
[
e
omo;
Ov e Lol
sre e
vt om
0 DOud |
Py
E
ol £
ovae -
S ons g
T8
C3 o
53
e JI
g
%.l'
1:-mm00 " w«w R 203 n
o
+e0
omo .
o
@
L ons =
Z15ad -
@
o
100 -I.u.:
-
i L]
> e
e 20 [
» - >
0
o
s T W
85! -
preme taop
ok
Vv T Al
. b
! f o o Pime0a ol
r—{or 3
e mm d .’ v
v vor: el
o
3
- e

TR
B

e




The MFS processor requires the position of the target be known at all
times throughout the missile flight. Although scenarios may call for movement
of two or more tanks, only one of them can be a hit-eligible target, for
threat-vulnerability and target-transfer training considerations. The MC is
instructed as to which track the target resides upon. By monitoring the PULSE
1ines of SMC-1, SMC-2, and SMC-3, the MC is able to keep an ongoing count of
the target position and pass this count to the MFS on command.

SMC-1, -2, and -3 signal the MFS processor when to issue the vocal command
"Fire." The scenario loaded into the controller instructs the controller as
to the point in time when to strobe the programmable output pin shown as FIRE
in Figure 111-14. This signal travels directly from the model control board
to the WS processor,

A complete listing of the software contained within the MC appears in
Appendix E.

G. TOW STATISTICAL PACKAGE

The TOW Statistical Package adds computational programs to supply GAE data
in terms of cumulative mean and standard deviation statistics compiled from
periodic sampling of the data shown in the GAE graphic displays.

Aiming errors in both elevation and azimuth are shown in Figure 1I11-18.
Figures I111-19, I11-20 and I111-21 show the output of the STAGS-T Statistical
Package for the complete flight and for a partitioning of the flight into time
intervals of {0,4] and [4,14] seconds.

The TOW Statistical Package was added to STAGS-T in response to a request
from the U.S. Army Human Engineering Laboratory dated 20 January 1983.

STAGS-T program additions to provide the statistical capability are
detailed in Appendix G.
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SECTION IV
CONCLUSIONS

This system has undergone preliminary evaluation by both U.S. Marine Corps
and U.S. Army experienced TOW gunners., All gunners were favorably impressed
with its realism and teaching attributes. The U.S. Army Infantry School has
proposed Training Effectiveness Evaluation in 2FY84.

STAGS research models have been designed for both DRAGON and TOW.

The STAGS-DRAGON is currently under contract for Engineering Development
models; STAGS-TOW is about to enter the same status.

Investigation is underway to seek out other weapon-systems for which
exploitation of the STAGS technology could fulfill training needs now not
adequately addressed.
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APPENDIX A

TOW FLIGHT STMULATION EQUATIONS

This appendix describes the mathematical model of TOW flight dynamics as
implemented in STAGS-TOW.

The initial model was based on constant values for system damping and
natural frequency as well as constant missile velocity. The final model is
similar except for the inclusion of variable damping, natural frequency, and
down-range velocity. These system characteristics are treated as
quasi-stationary in the incremental solution to the flight equations.

Design considerations for the TOW missile components as well as the
overall system, which is of primary importance for STAGS-T, are detailed in
the TOW 2 Weapon System, Systems Characteristic Document (T-24) Revision
A.L As stated on pages 3-58 and 3-63 of the Systems Characteristic Document
(T-24), "The primary closed loop system response is characterized by a pair of
underdamped poles." A design goal was a damping ratio between 0.4 to 0.5.

The closed loop natural frequency ranges from 8 to 2 radians per second. The
Laplace transformed system function for horizontal motion is therefore

Y (s) w?

(1) Yc (s) = s+ 28w + w?

where s = Independent Laplace variable
Y = Horizontal distance of the missile from the initial launch 1line
Yc = Commanded Y distance
£ = Damping constant
w = Undamped natural frequency, radians per second.

An identical expression holds for vertical, Z, displacements although the
damping ratios and natural frequency parameters are slightly different.

The command displacement in the Y direction is influenced by:

(a) Target motion

(b) Gunner aiming error

(c) Compensation for missile horizontal acceleration as discussed
later.

Vertical or Z displacement commands are similar except that possible
evasive maneuvers are very limited with the result that the differential
equation for this direction is somewhat simpler.

1. TOW 2 Weapon System, Systems Characteristic Document (T-24) Revision A,
Contract: ODAAHO1-79-C-1360, 13 November 1981,
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jﬁ} I1deally, the gunner aiming error will be zero and the missile should fly
s along the target line from launch to target impact. Thus, for this ideal
A situation

o

i (2) Ye(®) =a(t) - x(t)

N where t = Time

s x = Downrange distance

;Si Yc = Commanded horizontal distance of missile from the launch line
o~ a = Horizontal angular position of target relative to launch line.
'g: Errors and Compensation

- Yc,a, and x are functions of time; generally unspecified, but two
special cases yield considerable insight into system behavior. Both special
cases are characterized by constant downrange missile velocity, Vx, thus

- (3) x(t)y=vy - t
\ Case 1 is further limited so that a(t) = a, , a constant.
f:j Case 2 is restricted to constant target velocity Wr in radians per
‘. second. Thus a(t) =wqyt .
N For Case 1:
% (4) Ye1 (1) =@, vt
jl; and for Case 2:
o
N2 (5) Ye2 (t) = w1V, t2
i:: When considered as a classical closed-loop control system, Case 1
__; represents a ramp or constant velocity input for 0 < t while Case 2 represents
< a parabolic or constant acceleration input for 0 < t.
'~
L
%
I. . R © N D U P Y
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-----------
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All systems which can be described by equation (1) are said to be "Type 1
systems." Such systems respond to ramp and parabolic inputs in well-defined
ways once initial transients have died-out and steady-state conditions are
attained. Defining error, €

(6) e 2y () —y(t)
and
o) & (n 2S5

Table I may be shown to apply during steady-state for the two cases of

interest.
Table 1. Errors Caused by Specified Inputs.
CASE 1 CASE 2
constant velocity constant acc
vel = a Vx acc =2 wr Vx
0<t 0<«<t
2éw
€ steady-state py’ (aoVy) (o0
. 4w
€ steady-state o (52 (Vx wr)

From Table 1:

(a) A steady state miss error occurs when the target is stationary at an
offset angle, a, , from the launch line.
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(b)

A uniform target cross range velocity, Vrarc , Causes a uniform
target angular velocity, WT = Vyarg/XTARG . This results in
an unbounded error as time becomes infinite but the error has a
finite rate of increase as given by the right hand bottom entry in
Table I.

r.";j;j Vy Vrarc )

) (8) t‘s(eady-state = ——— XtArG

An error compensation for Case 2 can be made by adding a compensating lead
Tt term to the command input such that

T _ .. &w [ (VTAR(.) ]

T'i.': (9) Ycomp = €t = w2 Vit Xt1arG

defining

A —

(10) K -é——éz

w

and assuming constant Vx , so that

« )

RS (11) X = Vgt

the compensation term becomes

;T:?-f- (12) Ycome = KX (Viarc / X 1arc)

0. o o . . o

o K as defined in equation (10) is based on steady-state conditions. A
first-order correction to K which accounts for a finite missile flight time
S may be shown to be

o (13) K _t— (1~ 48?)/280

T K t — K/2
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This is plotted on Figure A-1. For a typical flight time of 11 seconds, the
correction to K = 1.03 or 3 percent.

|

3

[-'.

%t Including the correction from (13) in (9) and (3)

V TARG )

(14) Ycomr = KXWt =KX \ X .G

With the actual TOW system the target velocity may be inferred by the
sight azimuth sweep rate, i.e., it may be considered that

(15) Wgour = Wy

Wt provides a signal which is proportional to the target cross-track
horizontal velocity provided no gunner aiming error is present. Even with
some gunner aiming error it might be assumed that error averages to zero and,
therefore, may be neglected. In STAGS-T target position and gunner aiming
error are measured. Letting ﬁ represent gunner aiming error

d d
(16) Wgicutr = a%"i" Eg‘ Wsigut

Thus in simulating the TOW system with Wgcnr representing Wrarcer we have
from equation (14)

(17)

Ycome

—kx(@+p)

The commanded y((t) , therefore, is

(18 v = a0 x(0) + B x(0) + kx(0) 3 [a) + B0 ]

Considering the right hand side of (18): the first term is due to target
displacement from the initial launch line; the second term represents the
effect of qunner aiming error, while the last term provides compensation.
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Figures A-2 and A-3 are two equivalent versions of the system block
diagram. Figure A-2 relates the input commanded horizontal position to the
output horizontal position with an error, E . Figure A-3 shows the error, E ,
as the difference between a point on the target line, ax , and_the missile
position. This figure also shows the difference between E and E .

D.rferential Equations

Figure A-3 in the S domain is equivalent to time domain differential
equations:

d2 d
(19) -_d% + 2fw —% + w?y(t) = w2y
(20) e(t) = a(t) x(t) — y(t)
(21) ¥e() = &) X(0) + B() x(1) + Kx(0) S [ae) + p(1) ]

Using the identity _d(it. { x(t) [a(t) + ﬂ(t)] }

= [e +80] B+ oL [a) + 5]
= [a(t) + ﬂ(t)] x(t) + x(t) [d(t) + B(t)]

and eliminating y(t) from (19), (20), and (21) gives
dz

d2
SEe = S (ax) — ad? [ wkx(a + ) —28w(ax ~o]
(23)

— w? [Bx—K(a+ﬁ)k+e]

Integration of (23) for an initially relaxed system yields

(24) e=ax+f{[—w2Kx(a+[3)+2§w(ax—e)]
+w2f[K(a+B)5c—Bx~e]dT}dT
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or with slight rework (24) becomes
e=ax — f{z.{we + [a(wzl(—sz) + szﬂ] X
+w2f[ﬁx——l((a +B)x +e]dr Yar

(25)

Equation (25) as written in PLM86 for STAGS-T is shown below:

ERR_COMP1 = DAMP*OFF H;

ERR COMP2 = (HTARG*COEF2 + COEF1*GAEY F)*X;

INTEGRANDL = (GAEY F*X KOEF*(HTARG + GAEY F)*VX+OFF H)/25;
INTEGRALL = INTEGRALL ¥ INTEGRANDI;

ERR_COMP3 = OMEGA SQ*INTEGRAL1;

INTEGRAND2 = (ERR_COMP1 + ERR COMP2 + ERR COMP3)/25;
INTEGRAL? = INTEGRAL 2 + INTEGRANDZ;

OFF H _ HTARG*X - INTEGRAL2.

The damping and natural frequency of the missile in both pitch and yaw is
shown on page 3-72 of the Systems Characteristic Document (T-24). The
approximations used in STAGS-T for these coefficients are shown in Figure
A-4. Figure A-5 gives the downrange velocity and position.

Equation (25) and the PLM/86 incremental expressions are unchanged.
System parameters, however, are updated on each pass through the program.
This update occurs 25 times per second. The value of K as used in the
compensation term required modification because of the variable parameters.
The necessary factor was found by computer simulation to be 0.835, i.e., the
quasistatic equations use

(26) K =0.835 [‘2_"(:,_50)—)]
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APPENDIX B
MULTI-PROCESSOR MAIN PROGRAMS
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DECLARE ASCII_FTR FOINTERS
DECLARE LAST_ELEMENT WORD:
DECLARE (ASCII_BUFFER BASED ASCII_FTR) (1) EYTE:
DECLARE M WORD$
DO ¥ = 0 TO LAST_ELEMENT;
CALL SEND(ASCII_BUFFER(H));
END}
END STRING_OUT;

/%« CONVSSEND CONVERTS A INTEGER TO ASCII CHARACTERS AND SENDS
THE CHARACTERS TO THE SHCE »:

CONVSSEND: FROCEDURE(HEX)
DECLARE ASCII_STRING(4) EYTE:
DECLARE tREMAINDERsHEXsN! INTEGEF;
HEX = TABS(HEX):
DON=3TOOEY -1s
RENAINDEF = HEY MOD 10 + 30H;
ASCII_STRINGIN) = LOM(UNSIGN!RENAINDER));
HEX = HEX/10}
END}
CALL STRING_OUT{BASCII_STRINE.3);
END CONVSSEND:

/% NAMES FOF DIRECTION FARAMETERS USED IN CALLING MISS_COMMENT x/

DECLARE MISS_RT LITERALLY '0's WISS_LT LITERALLY 'I's
MI5S_UF LITERALLY '2's NISS_SH LITERALLY '4‘:

DECLARE FOREVER LITERALLY 'WHILE 1'+ NO_TRIG_FUL LITERALLY
‘INPUTCPORT_E) AND L'y ACTION BYTE:

DECLARE SOUND_TRIG_FULL LITERALLY 'C'; /% USED TO CALL SOUND &/

H_REFRISE: FROCEDURE EXTERNALS
END H_REFRISES

/% THE REFRISE FROCEDURE x/

SETRET? FROCEDURE EXTERNAL:
ENG SETRET:

/% SETS UF RETICON BOARD x/

/% SOUND PROVIDES SIGNALS FOR THE SOUND SUBSYSTEM ¥,

SOUND: FROCEDURE (KIND) EXTERNALS

DECLARE KIND EYTES

END SOUNDS
DECLARE FINISHED BYTE EXTERNAL: /% FLAG SET TO MARK THE END OF FLIGHT »/
DECLARE FORT_B LITERALLY 'OCAH': /x B255 FARALLEL FORT x-
DECLARE TWO_SEC_INTERVAL LITERALLY '20000's THREE_SEC_INTEFVAL LITERALLY '30000';
DECLARE o INTEGER:
DECLARE SECOND_TIME &YTES /% SECOND FIRE COMMAND FLAG x/

/8 COMFONENTS OF THE CYS51Z PROGRAM FASSED TO THE SKCE DURING EVASION x/
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DECLARE PROG_START (x) EYTE DATA ('H'sODHs'S 1',0DH, 'R ')}
DECLARE PROG_MID (x) EYTE DATA (ODH»'F 1°+ODHs'B'yODHs "E'+0DH)+
DECLARE FROG_END (%) EYTE DATA (ODH:'G'sODH:'0'»ODH:'@!X"}5
DECLARE TID_BIT (x) BYTE DATA (ODH:'N '}:

DECLARE (RATE,STEFS) INTEGER:  /x VARIABLE FARAMETERS OF MOTOR FOR EVASION x:
DECLARE DIK EYTE;

FROLOG: FROCEDURE EXTERNAL} /% CAUSES VOICE SUBRSYSTEW TO ISSUE INITIAL COMMANDS %/
END FROLOE:

FIRE_AGAIN FROCEDURE EXTERNAL: /x CAUSES VOICE SUESYSTEM TO REPEAT FIRE COMMAND x-
END FIRE_AGAIN:

QUIT? FROCEDURE EXTERNAL: /% CAUSES VOICE SUBRSYSTEM TO ISSUE ABORT COMMNANC x/
END QUITS

/% EFILOG CAUSES COMFUTER YOICE TO ISSUE HIT/MISS COMMENTS x/

EPILOG: FROCEDURE EXTERNAL:
END EFILDGS

YZONTR: PROCEDURE EXTERNAL: /% QBTAING GUNNER AIMING ERROR (GAE) %/
END YZONTES

PFI_SET? FROCEDURE EXTERNAL: /% SETS UF 8255 PARALLEL FORTS_A & _C QUTFUT. FORT_E INFUT x/
END PFI_SET:

FLIGHT! PROCEDURE EXTERNAL: /% MISSILE FLIGHT SIMULATION PROCEDURE ¥/
END FLIGHT?

INITIATESVAR: FROCEDURE EXTERNAL:
END INITIATESVAR:

CY512_RESET: PROCEDURE; ¢% RESETS ALL STEFFER MOTORS FRIOR TO EVASION x°
CALL SEND('R')$
CALL SEND{'T'}s
CALL SEND(CURKRENT_TRACE AND 03H);
CALL SEND{'F')i
CALL SEND(CURRENT_TRACK AND O3H):
END CYS12_RESET;

DODGE! FROCEDURE /% CONTROLS AND EXECUTES EVASION »/

DECLARE OLD_TCNT INTEGEF; /% STORES PREVIOUS TCNT x/
DECLARE TANK_STOPFED LITERALLY ‘'(TCNT -~ OLD_TCNT) = 0'; /3 NO MOVEMENT BETMEEN FASSES »-

DECLARE GAEY_LIMIT LITERALLY '1,0E-3'} /% AIMING AT TANK WHEM WITHIN LIMITS 1/
DECLARE RAEZ_LIMIT LITERALLY '4.0E-4':
DECLARE ON_TARGET LITERALLY 'ABS(GAEY_F) < GAEY_LIMIT AND

ABS(GAEZ_F) ¢ GAEZ_LINIT';

DECLARE PERCENT_FACTOR LITERALLY '(LOW_RANDOM AND 2) :: 2'; /% EVASION FROBAEILITY IS5 SOT ¢

DECLARE TIMES_UP LITERALLY 'HIGH_RANDOM = C'% /% RANDOM DELAY x/
DECLARE GOOD_GUNNER LITERALLY 'GUNNER_FATING <= 0'; /3 NO EVASION FOR RATING OF ZERC v
DECLARE NOT_TRACK_3 LITERALLY ' ((CURRENT_TRACH) AND O3H) .~ 2'; /s NO EVASION ON TRACK 3

...........
. C R



DECLARE EVADE_ENABLED LITERALLY 'TIMES_UF AND TANK_STOFFED AND
GOOD_GUNNEER AND PERCENT_FACTOF AND
ON_TARGET AND NOT_TRACK_3';

IF EVADE_ENAELET

THEN DO;

/% GET RATE» STEPS: AND DIRECTION =/

RATE = INT((LOW_RANDOM AND 60H) + 100);

IF LOW_RANDOW THEN DIR = 2DH; ELSE DIR = ZBH;

IF (5240 - TONTY) » TCNT /3 MAXIMUM MOVE IS DISTANCE TO NEAKEST EDGEOF MODEL EDARD x-
THEN STEFS = TCNT/INT:(SHR'LOH_RANDOM»2) AND O7H) + 1);

ELSE STEFS = (5240 - TCNT)/INT((SHR(LOW_RANDOMs1) AND Q7H: + 1):

/% RESET CY512g+ GET CURRENT TRACY ANG SEND IT x/
CALL CYS1Z_RESET:
/% SEND FROGRAM WITH YARIAELE RATE. STEFS, AND OIRECTION ¥/

CALL STRING_OUT(@PROG_START.LAST(FROG_START) ¢

CALL CONVSSENDIFATE);

CALL STRING_OUT(@PROG_KID:LAST(FROG_WID):}
CALL STRINE_QUT(@DIR:0)s

CALL STRING_OUT(®TID_BIT,LAST(TID_EIT:}i

CALL CONVSSEND(STEFS);

CALL STRING_OUT(@FROC_END.LAST(FROG_END))

3
3
3
3
3
3
K]

/% DISABLE ALL BUT GUNNEF RATING OF 2 x/
GUNNER_RATING = GUNNER_RATING - 1;

/% GET RANDOM NUMBERS FOF GUNNER_RATING OF Z x/
/u BY DOINE A BYTE SWAF. KEEF DELAY EETWEEN MOVES UMDER 1 SEC ®-

HIGH_RANDOM = (LOM(UNSIGN(J}) AND 1FH}; /% WA¥ DELAY = 0.4 SEC @/
LOW_RANDDH = HIGH(UNSIGN1J): AND 1111$1101E:
END:
OLD_TCNT = TCNT: /% SAVE TCNT »-
HIGH_RANDOM = HIGH_RANDOM - 1;  /x RANDOM DELAY COUNTEF =/
END DODGE
Rt tdieit ettt ietieittttiitiietepetteittstitiiitetiodtitetdy
PROGKAM STARTS
e iRt ittt it it idtiyteitiititetsiiietisitetey
DECLARE START_UF LABEL PUBLIC:
DECLARE (LOM_RANDOMs HIGH_RANDOM) EYTE;

DRRRARIRY
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CALL TIME(15000)3 /¥ 1,5 SEC TO ALLOW UFI-41'S TO RESET »/

START_UF3
CALL PPI_SET}

00 I =070 100:
H_MIS_ASCII(I: = * 3 /% CLEAF EUFFEFS USED IN REFRISE x/
END}
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132
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17
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1 CONTINUE = 0; /% ZERD FLAG USED EY PROLOG x. 1
1 CALL PROLOG /% ISSUE INITIAL COMMANDS X/
1 J = THO_SEC_INTERVAL; /3 J USED AS INTERVAL TIMER & RANDOM NUMEEF BY DODGE 1/ ,
1 SECOND_TINE = 0} /% SET IF FIFE COMMAND WAS REPEATED x7 )
1 DO WHILE NO_TRIG_FUL; !
2 CALL TINE(D); /2 0.1 MSEC DELAY ¥/ -
z =d-1; i
2 IF (J = 0) AND (SECOND_TIME = 0) /% REPEAT FIRE COMMAND IF TRAINEE %/ 1;

THEN DO} /% DID NOT FIRE IN THO SECONDS %/ g
] CALL FIRE_AGAIN: E
2 J = THREE_SEC_INTERVAL ;
3 SECOND_TIME = 1; .
3 END; ¢
2 ELSE IF (J = 0! &4ND (SECOND_TINE = 1) /% ISSUE AEOKT COMMAND IF TRAINEE %/ ]

THEN DO /% HASN'T FIRED IN THREE SECOND: ¥ 3
3 CALL OUIT; /¥ AFTER REFEAT FIRE COMMAND x/
2 HALT: /¥ STOF FROCESSOR 3/
3 END:
ENDS
1 CALL SOUNDSOUND_TRIG_PULL); X LAUNCH EXFLOSION x/
i CALL INITIATESVAR; /% FOF TOW FLIGHT &/
1 LON_RANDOK = LOW/UNSIGN(J)}; /% GET RANDOM NUMBER x/
HIGH_RANDON = SHL(HIGH(UNSIGN(J))s1}; /¥ RANDOM DELAY FROM 0 TO 9.4 SEC x-
1 CALL TIME(15000); /% STHULATED LAUNCH DELAY x/
1 CALL SETRET; /% SET UF RETICON CANERA 3/
1 TOM_FLYS) DO WHILE NOT FINISHED; /% HAIN LOOF x/
2 CALL YZCNTR /% GET GAE x/
2 CALL FLIGHT; 4% SIMULATE NEXT 40 MILLISECONDS OF FLIGHT ¥.
2 CALL DODGE: /% EYECUTE FOCSIRLE EVASION x-
z END TOW_FLS;
! IF «/WIFE_EROKE = 1) OF (HILL_IMFACT = 1) OF (GUIDANCE_LOST = 11
/% SPECIAL SISS COMMENTS CIA ¥_WIS_ASCII EUFFER x/
THEN C0;
2 IF WIFE EBROKE = | THEN CALL HOVE(@WIFE COMMENT &5 MI5_ASCII-12);
. IF HILL_IMFACT = 1 THEN CALL MOVE(RHILL COMMENT @ _NIC_ASCII 10
: IF GUICAMIE_LOST = 1 THEN CALL MOVE(BCUICANCE COMMENT,@Y_MIS_ASCII.1SY;
2 END;
¢¥ GTHERWISE FRINT MI53 DISTANCES .
1 ELSE DO:
: IF RIGHT 0,
THEN CALL MIS5_COMMENT:@FRIGHT.@H_RIS_ASCIT.KISS RT):

: IF LEFT - 0.
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D¢ THEN CALL MISS_CONMENT\@LEFT,@H_WIS_ASCII.HISS _LT4:
D, 179 2 IFUF 0,
; THEN CALL MISS_COMMENT:@UF,@Y_NIS ASCIIsMISS _UF);
\ 172 2 END}
6
2 /8 FRINT SHORT DISTANCE ONLY IF NO SPECIAL MISSES ¥/
Y
:5:_73 173 1 IF SHOFT © 0. ANL AES(SHORT) > 2,641¢ THEW
o 174 1 OFOF_SHORT! DO;
175 2 IF (WIRE_EROKE = 0 AND HILL_IMPACT = 0 AND CUIDANCE_LOST = ) THEN
(- 176 2 CALL KISS_COMMENT(BSHORT@X_MIS_ASCII/NISS_SH);
o 1T FELL_SHORT = 1;
LT 178 2 END DROF_SHORT:
Lo 179 1 ELSE FELL_SHOFT = 03
A 180 1 CALL EFILOC: /% VEREAL NISS COMMENTS »/
Al
N0 181 1 ACTION WAIT: 7% WAIT FOF  REFRISE 1.
T DO FOREVEF:
TN 82 2 ACTION = NOT/INFUTIFORT_E)) AND O04H;
b 12 IF ACTION = 4 THEN CALL H_REFRISE;
& 5z ENC ACTION_WAIT:
S
18¢ 1 ENG MAIN_TOM_MODULE:
et
)
':-:'_::
(o
\':;T"
\'_":,:,
0.
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l.'
oo CROSS-REFERENCE LISTING
T DEFN ADDK  SIZE NAMEs ATTRIEUTES, AND REFEKENCES
t MBS, « v v e RUILTIN 9% 173
0 a4y O013H ACTION o v v s o o EYTE 182 193
o 181 0319 ACTION_WAIT. . « . LABEL
v I3 D000H 1 ASCII_BUFFEF , , | EYTE BASED(ASCII_FTR) ARRAY(]) 26
won 20 000&H 4 ASCIIFTR. « 4 . . FOINTER FARAMETER AUTOMATIC 2% Ie
vy 3¢ 000FH 4 ASCII_STRING . . EYTE ARRAY(4) 3% 3%
. ) 3 ACIFH 1 CONTINUE v« o BYTE AT AESOLUTE 124
s 37 0367H 96 CONVSEND « v v . PROCEDURE STACK=0014H 106 110
12 0OOOH 1 CURRENT_TRACE. . . BYTE EXTERNAL (S 8¢ 82 95
77 O03C7H 55 CYSIZFESET. + FROCEDURE STACH=0008H 104
17 00GOH 4 DECADF .\ .+ . v . FOINTER FARAMETER 18
. &G 0015H 1 DIR: v v v vv oy EYTE 99 160 108
B 17 000OH 1 DIRECTION. . . . . EYTE FARAMETEF 18
- 84 03IFEH 372 DODGE. , ., .« 4 . FROCEDUFE STACK=0018H 154
Pty 174 (2CDH DROF_SHORT + 4 o o LAEEL
o §7 0000H EPILOC o v v v o o FROCEDUFE EXTERNAL(Z1Y STACK=D000H 180
o 94 EVADE_ENAELEC., + . LITERALLY 9%
NN Z AMEH 1 FELL_SHORT + . . , EYTE AT AESOLUTE 77 179
\ S0 0O0OH 1 FINISHEG « v 4 . EYTE EXTERNAL(17: 151
o~ 43 0OOOOH FIRE_AGAIN + 4 o FROCEDURE EXTERNAL(19) 5TACK=0000H 13%
T 73 0000 () PROCEDURE EXTERNAL(24) STACK=0000H 53
o 4 FOREVEF, + v v o o LITERALLY 181
N 11 0000H & GAEY.F . .. ...  REAL EXTERNAL(4) 95
N 7 GAEY_LINIT . .+ ., LITERALLY o5
11 0000H 4 GAEZF . « v v 4 4 REAL EXTERNAL(7) 95
- 88 GAEZ_LIMIT ., . LITERALLY 95
e 9; COOD_GUNNER, « .+ LITERALLY 95
e 16 00244 15 GUIDANCE_COMMENT EYTE ARKAY( 151 DATA 143
e 12 0000H 1 GUIDANCE_LOST, . . EYTE EXTERNAL(12) 156 162 179
L 4 ABIH 1 GUNNEF_RATING, . , EYTE AT ARSOLUTE 95 117
", 29 0004H 2 HEX. o v v h w4 INTEGER FARAMETER AUTOMATIC 33 M %k
A HIGH o v v v o v s BUILTIN 114 148
e 120 0017H 1 HIGH_RANDOK. . . . BYTE 95 113 117 148
S 14 0010M 10 HILL_COMMENT , . EYTE ARRAY(10} DATA 141
X 13 000OH 1 HILL_IHPACT. . . . EYTE EXTERNAL(10) 156 160 175
2 AO22H 22 H_MIS_ASCII, . . , BYTE ARRAY(22) AT ABSOLUTE 124 147 149
43 0000H H_REPRISE, + « . . PROCEDURE EXTERNAL(14) STACK=0000M 184
8 000EH S SR BYTE 123 124
IABS o v v v v BUILTIN i
75 0D0O0H INITIATEVAR, + . FROCEDURE EXTERNAL(2S) STACK=0000H 146 '
INUT, o o v o v BUILTIN 13¢ 182 N
INT. o v v v vy BUILTIN 97 102 103 3
'@ S3OD00BH 2 Jiuh e e uh INTEGER 113 134 128 137 133 13 :
e 47 000K 1KIND o v v v o EBYTE PARANETEFR 48 )
o LAST o v v u v s BUILTIN 105 107 109 111 S
e 20 0004H 2 LAST _ELEMENT . o . WORD PARAMETER AUTOMATIC 2o %
- § 0000H 4 LEFT « v v v v W, REAL EXTERNAL(2) 168 169 X
- LOW w0 e BUILTIN 35 113 147 B
o 120 0016H 1 LOW_RANODM . . . .  EYTE 5 9T 98 10 103 114 147 o |
e X
.\ ;1 L
n\:-' 71 K
nC - 9
\‘\- '\‘
Y 4




- -
S 24 000K 2 Mvw v v oo WORD PR g
- 1 004CH 714 MAIN_TOW_MODULE. . FROCEDUFE STACH=001AH n
[ 17 000OH KISS_COMMENT . . . PROCEDURE EXTERNAL(13) STACE=0000H 147 169 171 17¢ :
g! 40 MISS LT, v v v v LITERALLY 149
* 40 KISS.RTe v v o o s LITERALLY 167
40 KISS_SH. v v v o s LITERALLY 174
40 MISS_UF. o v v o LITERALLY 171
MOVE e EUILTIN 159 161 143
31 0004H 2N e e e INTEGEF 333
9% NOT_TRACE %, v o o LITERALLY 95
41 NO_TRIG_FUL, + o+ LITERALLY 136
< 000CH 2OOLDTONT L INTEGEF 95 116
89 ON_TARGET. + + « « LITERALLY 95
S DO0OH 1 OUTDATA, « v v o o EYTE FARAMETEF 6
90 FERCENT_FACTOF o LITERALLY 9%
g FORTE « v v v o o LITERALLY 130 182
71 0000H PFILSET. « « ¢ o o FROCEDUFE EYTERNAL(23) STACK=0000H 122
ST O0044H 8 PROCEND . . v o o EBYTE ARRAYIE) DATA 111
56 OC30H S FPROG_MID « « « « o BYTE ARRAY(G. DATA 167
S5 DNISH % FROG.START 4 . EYTE ARRAY(E) DATA 105
61 O0ONH FROLOG & v v v « o FROCEDURE EXTERNAL(18) STACK=Q0OOH 127
45 0000H QUIT .« v v v v FROCEDURE EXTERNAL: 200 STACE=0000H 141
55 000EH 7ORATE « v v v e INTEGER 07 104
17 DIOOH 4 REALADR, . . . 4 o FOINTEFR FARAMETEF 18
21 000ZH 2 REMAINDER. « . + o INTEGEFR M35
9 0DOOH 4 FIGHT. + v v v o o REAL EXTERNALIL: 146 187
54 0014H 1 SECONG_TINE. « . . EYTE 1% 133 12 13¢
< D0OCH SEND + v v b s 4 PROCEDURE EYTERNAL/D) STACK=000OH %78 7% 80 A1 &l
45 000QH SETRET + « v .+ .+ o FROCEDURE EXTERNAL:15) STACK=0000H 150
SHLe v v v v v EUILTIN 14
9 (0GOH 4 SHORT. v v v v v s KEAL EXTERNAL(4) 173 174
SHR: v v v v 0 s EUILTIN 102103
47 0D0OH SOUNG. v « « o v s FROCEDURE EXTERNAL(14) STACK=00OOH 145
47 SOUND _TRIC_FULL, . LITERALLY 145
116 O0BYH STARTUF & v v 4 s LABEL PUBLIC 12:
53 000AH 2 STEFS, 4 v v v 4 s INTEGER 102 1037 110
70 0336H 4% STRING_OUT . . . . FROCEDURE STACK=00DEH 3 105 107 108 109 111
86 TANY _STOFFED » o . LITEFALLY 95
10 0000H A () S INTEGER EXTERNAL(S! 9% 101 107 103 114
2 000OH 1 THREE_SEC_FLAG . EYTE EXTERNAL()
2 THREE _SZC_INTERVAL LITERALLY 136
. 5§ DDAEH 3 OTIOEIT. o v o v s EYTE ARRAY(3) DATA 109
S TIME . o v BUILTIN 121 131 14¢
- 91 TIRES UF + « « o o LITERALLY 9%
151 0174H TOWFLYS o v v o LABEL
52 THO_SEC _INTEFVAL . LITERALLY 128
UNSIGN « o v v . o BUILTIN 35 112 114 147 148
9 0000H U REAL EXTERNALY D 170 171
7 AO3BH 22 V_WIS_ASCII. . . . EYTE ARRAY:22) AT ABSOLUTE 171
13 0000H 1 WIRE BROVE . . . . EYTE EXTERNAL(L) 156 158 175
15 001AH 12 WIFE_COMNENT . . . EYTE ARRAY(1D) DRTA 15¢
7 ACSEH 22 v _MIS_ASCIL. . BITE ARRAYIZZ) &1 ABSOLUTE 159 161 183 178
69 00OOH YIONTE o v v v FROCEDURE EXTERNAL(22) STACK=000OH 15:

MODULE INFORMATION:
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P A 0.

CODE AREA SIZE
CONSTANT AREA SIZE
VARIABLE AREA SIZE
MAXINUM STACK SIZE
303 LINES READ
0 PROGRAK ERROR(S:

05720 13940
0000H i)
0018H 240
001AH 26D

END OF FL/M-86 COMFILATION

.....
-----
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ISIS-II FL/N-86 V2.1 CONFILATION OF MODULE TOWFLIGHTMODULE

DEJECT MODULE FLACED IN IF2ITOWFLF, OB
COAFILER INVOKED BY! PLMBA (FZITOWFLF,019 DERUC FOM BEDIUM YREF TXREF WORMFILESUIFZi+iF20) DATE(1/24/63.

1 TONSFLIGHT$RODULE: DO -

A A Rttty ted b ie et ttdted e iai i titileitriititeiittiintttiesintisesitil
OFF-BOARL ARSOLUTE ADDRESSES
ARt Rt g i e et Rttt iyeais s et it el et Teiteiseiisiititiictitily

1 DECLARE DICTANCE WORD AT 0A00AK:S ‘v FOR FIF »
ER DECLARE TARGET_SWITCH BYTE AT (QAOODH S /% NOT CUFRENTLY USED x/
5 1 DECLARE (YANE_BIRL, ZANG_EIRD! INTEGER AT (QACG1OH)s (EIRC_BT_RDY.

COACH_ON» BIRD_HITS, BIRD_MISSES: H_REF R@. H_REF_GOy Y_REF_FGs
V_REF_GO+GRND_BIRD/END_REFRISE: BYTE AT (OAD14H';

=1 DECLAFE «HIT_KILLoHIT_DISAELE; BYTE AT (QROZOH::

& 1 DECLARE TURNED RYTE AT {DAOBIH)} ‘v SIGNALS TANE HAS TURNED »

SRARXXAXANXAXRRANRYIRTXAR END OFF-BOAFC ADDFESSES XrXsxacXeXRmyxzsyyYssesasssy -

71 DECLARE (GUIDANCE_LOSTsTHREE CEC_FLAG» EYTE PUELIC:

()

! DELLARE COACH_COUNT EBYTE: /% 1 SEC INTERVAL TIMEF FOR COACHING ®-
/% VARAIBLES FOF WIRE BREAK 3/

1 DECLAFE {ALFHASEETAGARNADELTas JERY Yy JERK 2 REALS

101 DECLARE STORE_HTARC t4) FEAL, STORE_GAEY 4 REAL. STORE_GAEZ(4) REAL:

1 DECLARE L INTEGEF. WIRE_EROME BYTE FURLIL:

12 1 DECLARE (SPEECH_HIT.SFEECH_MISSY £YTE EXTERNALS /3 HIT/MISC FLAGS FOR EFILOC x/

13 1 DECLARE FINISHED EYTE FUBLIC:

14 1 DECLARE (GAEY_F+ GAEZ_F» HTARGs SHORT. OFF Wy Z. x. MISSILE 7) REAL FURLICS

t5 1 DECLARE »RIGHT LEFT-UF} REAL EXTERMALS

16 1 DECLARE (E_Y:E_ZI.DATA_FUYLoHILL_IMFACTCURRENT_TRACK EYTE EXTERNALY

17 1 DECLARE (ACNT, DONT) INTECER EXTERNAL: . x ANGULAR & DEFRESSION MOTOR COUNTS ¥

/% NOT CURFENTLY USED 37

18 1 DECLARE (GAEYs GAEZ: WORD EXTERNAL: /% GAE IN HALF FIYELS FROM YIONTF =/

19 1 DECLAFE TEAF INTECER:

20001 DECLARE COUNT INTEGEF PUELIC ¥ 40 M1 ISECOND INCFEMENTS 2

21 1 DECLARE (MAY_RANGE. Ure INTEGRALZ« INTZCRAN[Z. DEL 3 FES

ol { DECLARE VZ. FTIME) REAL: J

23 1 DECLARE (ZETA_Hy ZETA_V. OMEGA_H- OMEGA UM RUALS \
E; h 24 { DECLARE (OMECA S0 _H. OMEGA_SG_YV. DAMF Ky [adF "' REAL: 2 MISSILE DAMFINC & NATURAL FREQUEN > 3
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ISIS-I1 PL/W-86 V2.1 COMFILATION OF MODULE MAIN_TOM_MODULE
OBJECT MODULE PLACED IN F2:T0WNN.OBJ
COMFILER INVOKED EY! FLM84 IF2ITOMNN, 020 DEEUG ROM MEDIUM XREF IXREF WORKFILES(IFZis:

1

4

10

11

1z

14
15
16
17

1€

19

FY Pl e

P g

MAIM_TOW_MODULE: [O;

PRttt ettty e Ry e Rt etieet ittt rittieietetiteteeistiititioissfteaeity]
OFF-E0ARD ADSOLUTE ADDRESSES

133 e PR Rt a ettty ottt ietitirettitieteteiieistiteisttitiititisy

/2 BUFFERS FOR MISS COMMENTS DURING REFRISE x/

DECLARE ¢H_MIS_ASCII.V_MIS_ASCII«X_HMIS_ASCIIM (221 EYTE AT [0R022H).
FELL_SHORT EYTE AT (OAOIEH);

DECLARE COMTINUE EYTE AT (CAOLFH);
DECLARE GUNNER_RATING EYTE AT (QADBOH):
AIXTAXAXXINAXIXLNTXX END OFF -BE0ARD ABSCOLUTE ADDRESSES XXZIXxyySYXIXXXEIX’

/¥ GEND TRAMSKITS A EYTE 70 UFI-41 ON THE STEFFER MOTOR CONTROLLER
EQeFD <SHCE) X/

SERC? FROCEDURE (QUTDATA) EXTERNAL:
DECLARE DUTDATA EYTE:
END SEND;
DECLARE I BYTE:
DECLARE (RIGHTsLEFT+UF+SHORT) REAL EXTERNAL; /x MISS DISTANCES x/
DECLARE TCNT INTEGER EXTERNAL:
DECLARE (GAEY_F» GAEZ_F) REAL EXTERNAL: /% AIMING ERRORS %/
DECLARE (CURRENT_TRACH THREE_SEC_FLACY EYTE EXTERNAL:
DECLARE (HILL IMFACT. WIFE_BROKE. GUIDANCE _LOST' EYTE EXTERNAL:
DECLARE HILL_COMMENT(10) EYTE DATA('- HIT HILL')$
DECLARE WIRE_COMMENT(12) BYTE DATA('- WIRE BROKE »;
DECLAKRE GUIDANCE COMMENT (1S3 EYTE DATA('- GUIDANCE_LOST'):
WIS5_COMMENT: FROCEDURE:REAL$ADR, DECSADF. DIRECTION' EXTERNALS
DECLARE (REALSADR. DECSADR) FOINTEF. DIFECTION EYTE:
END MISS_COMMENT:
/% STRING_OUT SENDS 4 STRING OF INSTRUCTIONS TO THE SMCE USING
THE SEND FROCEDURE GIVEN A FOINTER TO THE STRING AND THE
SUESCRIFT OF THE LAST ELEMENT ®/

STRING_OUT! FROCEDURE (ASCIT_FTRrLAST_ELEHENTY:

75
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"» TARGET POSITION COUNTER x:

21) DAT
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3

3
36
39

40
41

2
&

43
L7

-
/

48
49

[0 T I G

L3S I

[N}

ra PO e

raory —

DECLARE /KOEF, COEF1, COEF2) REAL:

/¥ FLIGHT DYNAMIC COEFFICIENT 3/

DECLARE (SUMC. INTEGRALL. INTEGRAND1, ERR_COMFZ, ERF_COMFZ. ERF_COMF1, YTAKG) REAL:

DECLAFE (VTARG, HANC, UANGy DELSVZ: REAL: /r HANG,UANG GIVE MISSILE FOSITION RELATIVE TO AIM

DIANS x/

DECLARE EXPONENTIAL REALS

DECLARE RESULTS(B00) STRUCTURE(S_X WORD.S_Y REAL.S_Z REAL:
S_GAEY FEAL. S_GAEZ REALY AT /2000H's I INTEGER:

DECLARE GROUND_EXF LITERALLY 'Z'»
HIT_TARGET LITERALLY ‘1'+

/3 FARAMETERS FOR SOUND x/

FACTOF LITERALLY *0,835'; /x CORRECTION FACTOR FOR LEAD ANGLE CONSTANT #

DECLARE INIT_COACH_COUNT LITERALLY '25°;

/% BOB7,LIE FROCEDURES v,

INITB?: FROCEDURE EXTERNAL:
END INITZ™;
paerEXF: FROCEDURE (¥ REAL EXTERNAL:
DECLARE x FEAL:
END moerEXF;

/v COACH EVERY SEC IF ENAELED 3/

/% [OACH USES GAE TO ISSUE COACHING COMMANDS IF AIMINC ERROF

EXCESEIVE x-

COACH! FROCEDURE (GAEH: GAEY) EXTERNALS
DECLARE (GAEH.GAEV} REAL:
END COACH:

SOUND: PROCEDURE (WHAT_VIND: EXTERNAL;
DECLARE WHAT_KINC BYTE;
END S0URD}

/% TARGET DATA OETAINS HTARGs TARGET_ve TARGET_Z+ TCNT AND

EFFECTIVE TANK CIMENSIONS !

TARGET_DATA! PROCEDURE EXTERNALS
END: TARGET_DATA}

/8 ACTIVE TRACK OETAINS THE NUMBER OF THE TARGET TRACK %/

ACTIVE_TRACK? PROCEDURE EXTERNAL:
END ACTIVE_TRACK:

/% UPDATE COUNTS IS USED 70 OBTAIN THE INITIAL TARGET COUNT s

UFDATE _COUNTZ, FROCEDURE (FIRST_FASS: EXTERNAL:

DECLARE FIRST_FASS EYTE:
END UPDATE _COUNTS:

/% FROCEDURES THAT DETERMINE HIT OR MISS. ONE FOF EACH TRACK 3¢

76
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0 1
51 2
52 1
53 2
54 1
55 2
56 1
w72
S :
5 2
60 2
61 3
Y
3 2
44 3

5 3
% 3
88 3
4% 3
70003
72 3
73 3
74 3
LT
76 3
7z
78 2
79 2
80 1
=
82 2
K
B4 Z
85 I
86 2

-------

TRACK_1: PROCEDURE EXTERNAL}
END TRACK_1)

TRACK_2! PROCEDURE EXTERNAL}
END TRACK_ I+

TRACK_3: FROCEDURE EXTERNAL:
ENC TRACK_3}

/% GROUNDEL CHECKS FOR MISSILE GROUND IMPACT x/

GROUNDED: PROCEDURE EATERNAL:
END GROUNDED:

H_REFRISE: PROCEDURE PUBLICS
H_KEP_RQ = 1}
DO WHILE NOT H_REP_GO;
END}
H_FEF_GO = 0)
D0 I =1 10 COUNT;
CALL TIME(380):

/x SIGNALS FIF TD SET-UF FOR H_REFRISE x/
/% WALT FOR FIF TO COMPLETE SET-UP 3/

TEMF = FIX(100,0 + RESULTS(IN.G 270,104

IF TEMF = 6
THEN B_Z = 0i
ELSE B_Z = LOW(UNSIGN!

TEMFY) S

/8 PASS VERTICAL DISTANCE OF MISSILE FROM TARGET LINE 70 FIF BOARD

IN DECIMETER INCREMENTS,

¥/

TENF = FIX(100.0 - RESULTS(I).S_Y/0,1)5

If TENF - 0
THEN F_Y = 0}
ELSE E_Y = L

HUNSIGN(TEMF});

/% FASS HORIZONTAL DISTANCE OF MISSILE FROM TARGET LINE TO PIF EDARD

IN DECIMETER INCREMENTS.
DISTANCE = RESULTS(I).

DATA_RDY1 = 13
EIRD_DT_RDY = 14
END
CALL TIME(380Y:
END_REPRISE = 1}
END H_REFRISES

X/

5_Xi

/XN NI NI IR N AN S NN NN E X IR EF IR IX AN IXAX A XXX AN RENNTAX

FROGRAM VARIAELE INITIALIZATION
gt iRttt ittetyeiititetetieititiiteitititititeiy

INITIATES$VAF: FROCEDURE FUBLICH

CALL INITE7}

COACH_COUNT = INIT_COACH_COUNT:
TARGET _SWITCH = 0

CALL ACTIVE_TRACK:

CALL UFDATE COUNTS(1)+

IF TURNED =1

/% TEMPORARILY DISABLE TARGET SWITCHING =/

/% GET CURKENT TRACK 3/

/% GET INITIAL COUNTS x/
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adam St iaie Aait g S Aaf At it S0 oI il T r AN A AN
....... L MEAEIE AT A

i;; THEN ACNT = 24; /% 90 DEGREE TURN ¥
- 88 2 ELSE ACNT = 0) /% NO TURN &/
N g9 2 DCNT = 550: /% TERD DEFREGSION COUNT x/ o
- 90 2 VZ = 10,1404 -
t 91 2 DOL=0T03 /% TERQ WIRE BFEAK STACKS %/ '
2 92 3 STORE_KTARG(L)» STORE_GAEY(L)s STOKE_GAEZ(L) = 0.}
- 93 13 END;
- 94 2 NIRE_BROKE = 0;
5 95 2 MISSILE I+ ¥+ I» UTARGy VANG: HANG: OFF _H = 0.; N
9 2 GAEY_Fy GAEZ_Fy INTEGRALZ, SUMC» INTEGRALY = G.i =
\ 97 2z RIGHTLEFT,UF+SHORT = 0.4 4
9 2 GUIDANCE _LOST, THREE_SEC_FLAG = i .
p % 2 XTARG = 3000.0; .f
100 2 MAX_RANGE = 3500.0; /v RANGE FOR FINAL GROUND INFACT 3/ E
101 2 SFEECH_HIT, SFEECH_MISS = 0; :
102 2 HILL_IMPACT+FINISHEDsEIRG_HITS,BIRD_MISSES GRND_EIRD = 0; R
. 103 2 H_REF_RQsH_REF_GO+V_REF _KG+Y_FEF_GOsEND_REFRISE = 03 '~
AN 104 Z HIT_KILL» WIT_DISAELE = 0 N
o 105 2 I=0 -
N 106 2 COUNT = 03 -
= 107 2 END INITIATESVAR; i
- SRR I KNI X IR R X R X XXX IR XA XN XRER XK XA X AKX XN NXEY .j.
- MFS MAIN FROCEDURE o
T'} PR bt Rt bttt Rttt sttt ittt tttttttittcittitsstesitiey \
:ﬁ 108 1 FLIGHT: FROCEDURE PUBLIC: -
e 109 2 COUNT = COUNT + 1; b
- 10 2 I=141; =
- 1y 2 IF COUNT := 75 THEM THREE_SEC_FLAG = 1; -
:- /KRR R R RN Y YN N KKK KRN R R R R X KR XX R E KRR X ¥R XX KR RXXERXXXERRXXXRXNNRY ‘_
- GET TARGET FOSITION & GUNNEF AIMING EFFROR -
( P b R bRttt a0l ittt ittt ittt ittt ittt titdttttneststinily .
Ij; /v TARGET FOSITION IC MEASURED FROM THE INITIAL TARGET LOCATION x/ }i
?} 13 2 GAEY_F = S.904E-5 ¥ FLOAT(SIGNED(GAEY):; /x .6 CN DETECTOR HEIGHT DIVIDEDR BY x/ -
e 114 2 GAEZ_F = S.906E-5 ¥ FLOAT(SIGNED(GAEZ):s /¥ (ZOC WALF FIXELS % 7¢,2 CH FL) x/ "
: X
b 115 2 CALL ACTIVE_TRACK: /% GET CUKRENT TRACK x/ -
- 116 2 CALL TARGET_DATA; /X GET TARGET PARAMETERS & CORRECT RAW GUNNER AIMING ERROF x/ :
.N: /XN EKE YRR NN R AN SRR PN NN NN R XX XXX RKEEXXAXERYSFXSRENEEREERILREXXE
o TRANSFER BIRD FOSITIONS TO *FIP® :
. REXE X ERREEX R REX IR NIRRT A RN XX IR N XX RS ER XX SRRNDRREEXIXREXXEIRRY i
. 1y oz ZANG_EIRD = FIY(VANG/0,0001); /x ANGULAK FOSITION OF MISSILE RELATIVE x/ ;:L
w 18 2 YANG_EIRD = FIX(HANG/(,0001); /x TO AINING AXIS IN HALF FIXELS 3/ =
o 19 2 BIRC_DT_ROY = 15 :
L3 o™
~:.‘. PRt ettt as ittt ittt ettt ittt ttttittes] R
L CHECK IF WIRE BROKE .
: AP TR XN NI R R RN RN IR XX I IR XX YNNI IR KR XEIERREIX. -;.
= b
b N
o 78 )
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120 2 ALFHA = STORE_CAEY(3} ~ GAEY_F} /8 CHANGE IN AIMING ANGLE x/

1212 GAMMA = STORE_HTARG(3' - HTARES /8 CHANGE IN TARGET ANGLE x/

122 2 DELTA = ALFHA - GANMAS

123 2 BETA = STORE_GAEZ(3)} - GAEZ_F;

124 2 JERY._Y = (DELTA x DELTA) ® 25.0 / 4.0¢

125 2 JERK _Z = (BETA B BETA) x 25.0 / 4.0;

—
~y
(28
ro

128
129
130
JK
132
133
134
132
134
13
138
139
140

(P8 ]

LD W ) W b S W FD ) L

—
i
—
-

143
144

(2% Iy ¥X )

195
147
148
149

LS JEV - e

—
wn
on

WL s b s s N

—
o~
[#5)

[T% I g )

/x A& JERK IS A RATE OF 1 MRAD., IN 1/25 SEC. FOR AM ANGLE OF 2.5 MRAD, x/

IF (COUNT - 5 AND ((JERK_Y * 62.5E-6) OF (JERE_I  42.5E-6M
THEN DO}
FINISHED : HIRE_EROVE,GRND_EIRD
CALL SOUND{GROUND_EXF)s
ENL:+
ELSE 003
DOL=23T01EY -1
STORE_GAEY{L) = STORE_GAEY(L - 1)}
STORE_GAEZiL) = STORE_GAEZ(L - 1)
STORE_HTARG'L) = STORE_HTAFGIL - 1);
ENC:
STORE_GAEY(0) = GAEY_F3
STORE_GAEZ( (1 = GAEZ Fi
STORE_HTARG(3) = HTARGS
END

FRXPIXAXXEXTRACXNIXXTNXNIRIXY COACHING SERREXEXRXIXNRERXIXTRRARXAXNY /

1

IF COACH_ON = |
THEN DO»
COACH_COUNT = COACH_COUNT - 1)
IF COACH_COUNT = 0
THEN DO;
CALL CORCHIGAEY_F+GAEZ_F1)
COACH_COUNT = INIT_COACH_COUNT;
END:
END;
BEestai iRt eitiiqittitetettitiediititisiistdtsesestititeistiititititit
CHECK FOR POSIBLE HIT
LR PR Eetiiiiytciisteiictiitetiitiecdtetetiettitittiiitiiititieiitiiitly

SHOFT = ¥ - XTARG:
IF ABSISHOFT: < 4.9 THENM /% + Ok - 8 FT FROM RANGE OF TARGET =/
AT_TARGET: DO;
DO CASE CURRENT _TRACK
' /8 NULL STATEMENT x/
CALL TRACK 1)
CALL TRACH_2;
CALL TRACK_3i
END;
FINISHED = 1+
IF SFEECH_HIT :: 1
THEN DO:
GRNL_BIRD = 1j
CALL SOUND'GFOUND _EXP);
END3
END AT _TARGET;
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PRiteitt00eedstaciitigitiiiisiieestitacistsiitisiesttediisiitedittistted)
CALCULATE NISSILE DAMPINGs NATURAL FREQGUENCY. AND VELOCITY,
IR sttt etiittlitiitieetttetedititftetiteiiifiistticeittiittisiiyy
T PR e et iRt et etyititttitqitistiteittesitiitites]
SEE TOW REPORT AFPENDIX FOR THE DEFINITION OF THE
FOLLOWING VARIAELES AMD EQUATIONS.
1193391303000 020380 eesttiediitdntistiiiiteitteiitiitelitieily

EXFONENTIAL = mqer EXF(-X/1000.0);

167 IETA H

ZET4 Y

£0.24 ¥ EXFONENTIAL + 0.40)/4.0¢
(0,33 » EXPONENTIAL + 0,30V/4.0¢

/v QUICK FIX 11/09/87 3.

"y 3

1] 13

EXPONENTIAL = 6.4 X agerEXF(-X/150%0)

LS )

170
171

OMEGA_H = EXPOMENTIAL + 2,60+
DMEGA_V = EXFONENTIAL + 2.00+

o ba

172z ONEGA_S8_H = ONECA_H ¥ OMEGA_H;

173z OHEGA_SQ_\ = DNEGA_V » OMEGA_ '}

179z DANF H = 2.0 3 ZETA H » OMEGA H:

s 2 DAMP V = 2.0 ¥ ZETAV x OMEGA_V: ‘]
176 2 KOEF = FACTOR » 12,0 % DAMP_H / OMEGA_SG_H): >
177 2 COEFL = OMEGA_S0_H % KOEF: -
178 - COEFZ = COEFY - DANF_H:

FTINE = G.04 x FLOAT(COUNT);

/% RETICON FREQUENCY NOW 25 HERTZ 3/
UY = 165,10 % 11,0 - pqerEYR/-2,08FTINEY + agerEXF(-FTIME/S.5))}
T TRt R TR e sttt ee et Rl iiqtiesiviitisestiietitifititestits

FIND WISSILE FOSITION
[ 83 E T390 0 0100ttt e ittt stteseetsitieonetdditsdesstssteitttistessses v

: DEL_X = VUX/259.0¢
182 Y= x o+ DEL_XS
DISTAMCE = UNSIGN(FIX(¥))}

184 2 DELSVZ = (OMEGA_SO_VIGAEZ_FxY - DAMF_VsUZ - OMEGA_SQ_Ux2)/25.0:
18 2 VZ =V« DELSVI2. 08

186 2 1=7+ V12500

187 2 HISSILE 7 = 7 + 1,255

188 2 V1 = VZ « DELSVI/2,0;

189 2 ERR_COMF1 = DAMP_HRDFF _H:

1% 2 ERR_COMFZ = (HTARGECOEFZ + COEFIXGAEY_F)XX5

19 2 INTEGRANDT = (GAEY _FX~KOEFR(HTARG + GAEY_FixUYQFF _HY/25,0s
19z 2 INTEGRALY = INTEGRALL + INTEGFONDI:

193 2 ERF_CONPI = OBEGA_SO_HXINTELRALLG

199 2 INTEGRANDY = (ERR_COMPS « ERR_LOMP2 + ERR_COMF3)/25,0%

195 2 INTEGFALZ = INTEGRALZ + INTEGRANDZ:

196 2 OFF_H = HTARGEX - INTEGRALZS

S ittt R b R Rttt it it iRt it ittt et ettiitsiittitsedetinst]
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198
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" 200
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DEFINING ANGLES
2200 et el iiiiiatedittitanttieittiicscbivelitiiiiifiatiteitsiiiitisiiiiiiyl

IF COUNT - 0 THEN /x TO AVDID A °*DIVIDE BY ZERD" WHEN CALCULATING *HMISS,* %/
ANGLES: DO+

HANG = -OFF _H/X - GAEY_F)

VANG = Z/X - VTARG - GAEZ_Fi

END ANGLES:

FA 4800t a et it bttt ittt it tettitiiiitttsietiiitteiedtttaiiietss

CRASHED?
3 tatobiteitiietedittddiieditiitttstoiiiiitiseottiititittiittittitieitiiey

CALL GROUNDED:

R0 0tettdastistittetetifosttitttetiestettiescecteitttrctiitfectesctttiiy

0uT OF FOV?
333 tRiiitteidttttitotiteitieiiiisititititistittiiittiistttsissittecitteyy

IF (THREE_SEC_FLAG = 1) AND ((ARS(GAEY_F) : 5.0E-3) OR (ABS(GAEZ_F) > 5.0E-3))
THEN DO+
FINISHED,GFND_BIRD»GUIDANCE LOST = 1+ /% EXACT NUMBER IS 5,904E-3 #/
CALL SOUND(GROUND_EXP}}
END+

Pttt sattigeteseitotiiitetttittttitsttisettttsetiqtiisettetsistetes]

MISSILE DATA SANFLE FOR POSSIEILE REFRISE
petitteteditetedittetsittetibettotetitecetitetititioctiiteittittettticedy

DISTANCES
- OFF _Hi

RESULTS!I) .S X
RESULTS{I}.S.Y
IF OFF H » 12,7

THEN RESULTS(I}.S.Y = -12.7¢

IF OFF_H < 0. AND ABS(OFF W} » 12,7
THEN RESULTS(I).S.Y = 12,73
RESULTS(I) 5.2 = I
IFZ 150

THEN RESULTS(I}.S_Z = 13.0i
IF Z < 04 AND ABS(I) = 5,00

THEM RESULTSITHS.Z = -5.003

H

RESULTS:I).5_GAEYT=GAEY Fi
RESULTS{I).5_GAET=CAEZ Fi

END FLIGHT;

END TOMSFLIGHTSMODULES

81




reae 2 - Sadr A Sl Sl vl a Anile s Shacian JPRCIA I PRI TR

NI CROSS-REFERENCE LISTING

- DEFN ADDR  SIZE NAME, ATTRIBUTES, AND REFERENCES
t ------------------------------------------------
.‘\' .‘
" AES. + v v v v s BULLTIN 151 203 22 A7
A 17 000K 2 ACNT o o v v v, . INTEGER EXTERNAL{10) 87 88
s 5 Q000K ACTIVE_TRACK « . .  PROCEDURE EXTERNAL(19) STACK=0000H B4 115
YRR 9 0000H 4 ALFHA, . v o . .. REAL 120 122
N 198 08DFH ANBLES + v « v LABEL
SIS €2 059H AT_TARGET, +» » « .+ LABEL
o 9 0004 4 EETA . . ... .. REAL 123 125
A 4 AQLH 1 EBIRD.DT_RDY, . . .  BYTE AT ABSOLUTE 75 119
o 4 A014H 1 EIRDWITS. . . . .  BYTE AT ABSOLUTE 102
- 4 A017H 1 EBIRD_MISSES, . . .  EYTE AT ABSOLUTE 102
(. 16 0000H 1 E.Ye . oo . EYTE EXTERNAL(SS 772
e 16 Q000H 1 B2 v 4 w4, BYTE EXTERNAL(A) 67 48
2l 37 0000H COACH. « + o « o«  PROCEDURE EXTERNAL(14) STACK=00COH 14¢
e B OOEAH 1 COACH.COUNT, . ..  BYIE 82 193 144 197
NN 4 A0ISH 1 COACH.ON . . . . .  BYTE AT ABSOLUTE 141
o I5 OOREH 4 COEFL, . . ... . REAL 177178 190
S 25 O0E2H 4 COEFZ. . . ¢+ .. REAL 178190
e 20 006CH 2 COUNT, . ... ..  INTEGER PUBLIC 63 106 109 111 126 179 197
e 16 D000H 1 CURRENT_TRACK, . .  BYTE EXTERNAL(9) 152
N 24 Q0AZH 4 DANFH . .. ... FREAL 174 176 178 189
N 24 00AH 4 DANFYV . ... .. REAL 175 184
- 15 0000H 1 DATARDYL. . . ..  EYTE EXTERNAL(7) 74
17 000K 2 DONT . . v v v v v INTEGER EXTERMALU1D) BY
o 9 O00CH 4 DELTA, v v+ ..  REAL 2 124
- 27 OODEK 4 DELVZ. « v ¢« 4« . REAL 184 185 186
- 21 Q07EH 4 DEL.Av v v o v 4.  REAL 181 182 .
NN 2 AOOAH 2 DISTANCE « « « . WORD AT AESOLUTE 73 183 208 -]
o 4 AOIDH 1 END_REFRISE. . . .  BYTE AT ARSOLUTE 78 103 |
<) 2 00CAH 4 ERR_CONF1. . ..., REAL 189 194 4
P 26 00CIH 4 ERRCONFZ. . . . .  REAL 190 194 ]
o~ 26 00C6H 4 ERRCOMF3. . . ..  REAL 193 194 .
e 73 Q0E2H 4 EXPONENTIAL, . . .  REAL 166 167 148 169 170 171 g
o~ 30 FACTOR . « v v v v LITERALLY 174 3
. 13 O0ECH 1 FINISHED « + « .,  BYVE FURLIC 102 128 159 205 4
®: 47 0000H 1 FIRST_FASS . . . .  BYTE PARAMETER 48 .
FIXo « v « v v« BULLTIN 65 69 117 118 183 -
- 108 0375H 1955 FLIGHT . . o + . .  PROCEDURE FUELIC STACK=0008H -
o FLOAT. + v v v v v EUILTIN 13 114179 2
o 22 O0BGH 4 FYINE. « . 4 .. .  REAL 179 180 5
e 37 0000H 4 GAEH . . .+ ., .  REAL PARAMETER 18 >
o 37 0000H 4 GAEV . .« v . ..  REAL PARAMETEF 38 3
L 18 0007 2 GAEY . . v . 4 4 . HORD EXTERNAL'LD) 112 iy
- 14 004AH 4 GAEYF . . .. ..,  REAL FURLIC 96 113 120 137 146 190 191 199 0% 219 s
= 19 000K 2 GAEZ . .. ... HORD EXTERNAL(13) 114 y
S 14 004EH 4 GAE2F . . .. ..  REAL PUELIC % 114 123 138 146 184 200 203 220 g
- 7 00084 4 GAMMA. » . . . .. REAL 121 122 W
L 2 4 AGICH 1 GRND_EIRD. « . . .  BYTE AT ABSOLUTE 102 128 162 205 X
NG 56 0000H GROUNDED + + + » . PROCEDURE EXTERNAL!24} STACK=0000H 202 2
. 30 GROUNG_EXP + 4«  LITERALLY 129 163 206 A
.2 N
o )

@,
[*.2]
~N
'




..u‘.._,_-_-_J"_v_'-_?-v.¢~-'>-"_.'_."_._-'.T'.?'_-.

-
p 7 O0EBH 1 GUIDANCE_LOST. . .  EYTE PUBLIC 98 205
'@, 27 00D6H 4 MHANG . .. .. .. REAL 95 118 199
{;, 16 0000H 1 HILL_IMFACT. . . .  EYTE EXTERNAL(B) 102
o S AO2IH 1 HITDISABLE, . . .  EYTE AT ARSOLUTE 104
.. S AO20H 1 HITKILL . . ...  BYTE AT ABSOLUTE 104
L 30 HIT_TARGET , . + .  LITERALLY
- 14 00S2H 4 HTARG. « + . . . .  REAL PUBLIC 121 139 190 191 196
[][! 58 00COH 290 H_REPRISE. , . . .  PROCEDURE FUBLIC STACK=0004H
S 4 AOI9H 1 HREFGO . . ...  BYTE AT ABSOLUTE 60 42 103
4 A0184 1 HREFRQ .. ...  BYTE AT ARSOLUTE 59 103
29 O0EEH 2 I.w v v o v v v+ INTEGER 63 65 49 73 105 110 208 209 211 21% 214
e 26 718 219 229
- - 32 O0COH INITS? . . v . .«  PROCEDURE EXTERNAL(14) STACK=000CH 81
¢ B0 OIE2H 403 INITIATEVAR, . . .  PROCEDURE FURLIC STACK=0008H
a 3 INIT_COACH_COUNT . LITERALLY Bz 147
A 24 OOEAH 4 INTEGRALL., , , ..  REAL 9% 192 193
o 21 0074H 4 INTEGRALZ. . . . .  REAL 96 195 194
- 26 O0BEH 4 INTEGRANDL . . . .  REAL 191 192
) 21 007AH 4 INTEGRANDZ . . . .  REAL 194 195
A 9 0OI0H 4 JEREY . .. . .. REAL 124 12¢
=B ® 0014 4 JERED .. .. .. REAL 25 124
e 2 o00asH 4 KDEF . .., .. REAL 174 177 19
" 11 0048H 2 Lv v v v v INTEGER 91 92 1327 133 134 139
S 15 0000 4 LEFT . 44 v v v, REAL EYTERNAL:Y 97
ok LOWe v v v v o v v BUILTIN 68 72
y 2t 006EH 4 HAX_RANGE., . . .,  REAL 100
S 14 0064H 4 MISSILEZ. . . ..  REAL PUELIC 95 187
S 34 0000H WOEREYF, » . » . .,  PROCEDURE REAL EXTERNAL{15) STACK=0000H 166 149 180
o 14 00SAH 4 OFF_He . .+ . ..  REAL FUBLIC 95 189 191 194 199 209 210 212
s 23 G097H 4 OMEGA M. o . . .. REAL 170 172 174
o 24 00%M 4 OMEGASOH . . . .  REAL 172 176 177 193
24 009EH 4 OMEGASALY . . . . REAL 173 184
o 22 0096H 4 OMEGH V. . . . . . REAL 171 173 175
nl 2% 2000H 14400 RESULTS. . . v o+ STRUCTURE ARRAY(B0O) AT AESOLUTE 65 69 73 208 200 1y
e 213 214 214 28 249 220
e 15 0000H 4 RIGHT. + v .+ . .  REAL EXTERNAL(D) 97
[ 14 00SH 4 SHORT. « . . .. .  REAL FUELIC 97 150 151
‘) SIGNED o v v v v v BUILTIN 113 114
o 4 GOO0H SOUNG. . . . .. .  FROCEDUFE EXTERNAL(17) STACK=0000H 129 163 204
o 10 000OK 1 SFEECHHIT . . . . EYTE EXTERNAL(D) 101 160
- 12 0000H 1 SPEECH_MISS. . . .  EYTE EYTERNAL(1) 101
~ 10 0028H 16 STORE_GAET . . . .  REAL ARRAT(4) 92 120 133 137
- 10 0038H 16 STORE_GAEZ . . . .  REAL ARRAY(4) 92 123 134 138
g 10 00184 16 STORE_MTARG, . . .  REAL ARRAT(4) 92 121 135 139
Sl 26 00B6H 4 SUMC . . . .. .. REAL o
. 29 000AH 4 SGAEY . . .. ..  REAL MEMEER/RESULTS 219
o 29 O000EH 4 SGAEZ . . . . ..  REAL MEMEER(RESULTS) 220
- 29 0000H 2 S_fu . .4 .. .. WORD MEMEER(RESULTS) 73 208
v 29 0002H 4 SY, .. .. ... REAL MEMBER(RESULTS 69 209 211 213
9. 29 0006H 4 SZ,w vy .. REAL MEMEER(RESULTS 65 214 216 218
- 43 0000K TARGET_DATA, . . .  FROCEDURE EXTERNAL(1B: STACK=0000H 11¢
o 3 AOODH 1 TARGET_SWITCH, . .  EYTE AT ABSOLUTE 83
A0 19 006AH 2 TEMF ., .. .. .. INTEGEF 65 66 6B 89 70 72
o 7 Q0E9H 1 THREE_SEC_FLAG . .  BYTE FUBLIC 98 112 203
Y TIME « v v v v o v BUILTIN 6477
®. L 0OCOH TONFLIGHTMODULE, . PROCEDURE STACK=0000H
T 50 0000H TRACK 1. . « « v+  FROCEOURE EXTERNAL(21) STACK=0000H 155
2
-

.
.

b

vt
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52 000OH TRACK_2. « « « + +  PROCEDURE EXTERNAL(22) STACK=0000H 156
. 54 0000M TRACK 3. 4 + v+ +  PROCEDURE EXTERNAL(23: STACK=0000H 157
t 6 AOBIH 1 TURMED . . . « . .  EYTE AT AESOLUTE 86
. UNSIGN « v v v v BUILTIN 68 72 183
- 15 0000H 4 UP v .« 4.  REAL EXTERNAL() 97
" A7 0000H UPDATE_COUNTS, . . PROCEDURE EXTERNAL(20) 5STACK=0000H 8S
- 27 O0DAH 4 VANG . . v 4o« REAL 95 117 200
- 27 O0DZH 4 VTARC. . . . . .+  KREAL 95 200 )
; 21 0072 8 VX v w00 REAL 180 181 191 :
- 2 0082 4 VI.,....... KEA 90 1R4 185 186 18¢
N 4 AOIBH 1 V_REPGO « . . . .  BYTE AT ARSOLUTE 103
< 4 AOIAH 1 VREPRG . .. ..  BYTE AT ARSOLUTE 103
N 40 O0000H 1 WHAT KIND. . . . .  BYTE PARAMETER 1
- 11 O0EEH 1 WIREBROKE . . . .  BYTE PUBLIC 94 128 5
14 0062H 4 Xo v v o v+ v s REAL PUBLIC 95 150 146 169 182 183 184 1°C 191 1% ;
O 199 200 -
0 34 0000 & Xo o v o v+ 0+ REAL PARANETER 35 g
N 4 ACIOH 2 YANG_EIRD. « . . .  INTEGER AT ABSOLUTE 118 -
> 14 00SEH 4 Z. v v v v v v REAL PURLIC 95 134 186 187 200 214 215 17 o
‘ 4 A0I2H 2 ZANC_EIRD. « . . .  INTEGER AT ABSOLUTE 117 ‘
el 22 008K 4 ZETAM ., .. .. REAL 167 174 .
P 72 O00BEK 4 ZETAV . .. ... KEAL 148 17 +
\::: :.
= J
HODULE INFORMATION: I
A CODE AREA SIZE = OBIBH 28400 iy
o CONSTANT AREA SIZE = 0000H 00
A VARIABLE AREA SIZE = QOEDH 237D .
< HAXIMUM STACK SIZE = 0008H 80
“) 382 LINES READ
- 0 PROGRAN ERROR(S) -
< END OF PL/H-86 COMFILATION 5
) ]
o;




ISIC-I1 PL/M-86 Vi.1 COMFILATION OF MODULE TON_TARGET_MODULE
OBRJECT MODULE FLACED IN JF2:TOWTAK,OEJ
COMFILER INVOKED BY: FLMB6 (FZITOWTAR,00S DERUG ROM MEDIUM XREF IXKEF WORKFILES(IF2:4iF2%) DATE(1/13/83:

1 TON_TARGET_NODULE: DO:

(AT YR YK ERA XX BRI KRN KNSR X I XK E AR R SRR TR A NLXXTAXANLAR
OFF-EOARD ABSDLUTE ADDRESSES
XYY IR TN KT R US R AN Y KX XN XX KA T XXX RN XX XALAR

21 DECLARL (EIFu_HITSe BIRD_MISSES) EYTE AT (QAQ1SH):
301 DECLARE GFND_EIRD BYTE AT (QAQLCHI+
§ 1 DECLARE (STARTING_TRACKs TARGET_SNITCHs FINAL_ TRACK) EYTE AT (QAQOCH):
5 1 DECLARE (HIT_KILL+HIT_DISARLE} BYTE AT (QAQZ0H):

/REXXXXEXXXXRXXXEEXX GLOBAL VARIABLES XXXRISXSXEXXFEREXRNXX/
e ! DECLARE (SFEEDH_HIT, SPEECH_MISS) EYTE EXTERNAL;
ot DECLARE FORT_C LITERALLY 'OCCH'; /% B255 FARALLEL POFT C x/
= ! DECLARE FINISHED EYTE EXTERNAL;

/% KOTOR COUNTS. TCOUNTC IS INITIAL TARGET COUNT x/

LI DECLARE (TCNTy ACNT: DCNTy TCOUNTO) INTECER PUBLIC:

10 1 DECLARE (RIGHT(LEFT,UF) REAL PUELICS

11 UECLARE (HILL_IMPACT. CURRENT_TRACK) BYTE PUBLIC:

b

DECLARE (GAEZ_Fs X» 2y MISSILE_ 2y HTARGs OFF_H) REAL EXTERNAL:

‘rxasxxxyxxyxxxxyx EXCLUSIVE YARTABLES SXEXXIEXXXNXI-EXXYNRY/

/K ALPHA IS ROTATION OF TANK IN RADIANS. DEFRESSION DEPTH IS
DEFTH OF FRONT TANK IN METERS x/

—
(%}
—

DECLARE (ALFHA.DEFRESSION_DEFTH) REAL)
14 1 DECLARE (MISSILE_YsTARGET_ Y, EFFECTIVE_TAMK_LENGTH, EFF_HALF_TANK_LENGTH) REAL:
15 1 DECLARE (HILL_Z» TARGEY_Z» BETAs MAGNITUDE, ANGLE) REAL;

16 1 DECLARE (TEMP+ EFF_HALF_TANK_HEIGHT, MISSILE_Y_FRIME. MISSILE_2_FRIME) REAL;

opn— g
DAY SO SR
el . T
] L e
A . 4

17 1 DECLARE I BYTE:
g /% TABLE OF HILL SLOFE AND HEIGHT AS A FUNCTION OF TARGET COUNT s/
LIS DECLARE MODEL_COUNT(3Z2) INTEGER DATA
(104,242,380+51816561794+93241070, 1208, 1344+ 1485,
16231176111899,2037 42175023139 2451+ 256942727+ 2866
300993197, 32803418,3556+3694+3832+3970,4108.:4247,
4385):
85 ::
-3
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o

K .;

3 e 1 DECLARE HILL_SLOFE(32: REAL DATA

S (0,90,1571+0,9-2,1309:0.,0,0698,0,1394,0,2182,0,2531,

RS 0,2094,-0,0349,-0,2182+-0,3491,-0,0785,0.1222+0,1134,

o -0,2443,-0,2531,-0,0524,-0,017510,0436+0,1047+0,1920,

‘4 0.0785:0,1745,0,2880+0,1396¢-C,1124,~0,3491.-0,2880,

> -0,2268+2 )4

S 20 1 DECLARE HILL_HEIGHT(32) KEAL DATA 3
R (0,+0,2898+1,2318+0,9420,0,+0,0725:0,797112,1013»

E 3,6404,7,3909+8,1155:7,3185,5,2896+3.476811 3. 4781+ )
PR 4,347613,7679+1,521710,2898+0,1449,0,2174+ (. 9420,

7) 1.956453,1158+3,8404+5.5070,7,5258, 7, 4808, 5. 724,

3,260711,1594¢0, 0}
< /x LL DIMENSIONS IN METERS /
o 20 1 DECLARE TANK_LENGTH LITERALLY '8.3's

TANK_WIDTH LITERALLY '3.9%»
TANK_HEIGHT LITERALLY 'Z.9's

JETN W PURILIC ST WA P

N KILL_EDX  LITERALLY '1.45' _
N HALF _TANK_HEIGHT LITERALLY '1.45's .1
s LAUNCH_HEIGHT LITERALLY '0.9144'; :
3 /% FARANETERS FOF SOUND
g 201 DECLARE HIT_TARGET LITERALLY '1'y
o GROUND_EYF LITERALLY '2';
. /x TYFE OF HIT CONTROLS REFRISE COMMENT!
o REGULAF = 'HIT'
e HIT FILL =" 'HIT KILL'
. HIT DISAELE =@ 'HIT DISABLE' %/
o 23 1 DECLARE RECULAR LITERALLY '0'y
T DIGABLE_ LITERALLY '1's
a KILL LITERALLY '2'}
:-i, /xvaxnsxaxxsxxxxsx CXTERNAL PROCECURES sXRExsXXERITXyxxxsrss/
S50 /x 8087 FROCEDURES IN CELS7.LIE 3/
: LI aqerAT2: FROCEDURE (YsX: REAL EXTERNALS
5 2 DECLARE (Y+X) REAL
26 2 END mgerAT2:
( 7 1 aqerC0S: FROCEDURE (THETA) REAL EXTERNAL:
o 28 2 DECLARE THETA REALS
9. 29 2 END mqerCOSH
- 0 1 aqerSIN: PROCEDURE (THETA) REAL EXTERNALS
n oz DECLARE THETA REAL;
32 END aqerCIN:
3 aqerY2)%! FROCEDURE (Y»X) REAL EXTERNALS
: M7 DECLARE (1sX) REAL:
o. 5 < END mger Y2Xs
e % ! SOUND: PROCEDURE (WHAT_KIND) EXTERNAL
o 37 DECLARE WHAT_KIND BYTE;
e X END SOUND;
o
o 86

4
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3 /% RECEIVE GETS A EYTE FROM THE UFI-41 MOTOR CONTROLLER 3/ -
- 1
39 1 RECEIVE: PROCEDURE BYTE PUBLIC; -]
0 2 DECLARE STATUS EYTE AT (OFOO0H), INDATA BYTE AT (OFOO2H:; j

4 2 D0 WHILE STATUS; /X WAIT UNTIL OBF = { x/ i
2 3 END; 3
8 7 RETURN NOTVINDATA); /% MULTIEUS INVERTS #/ n
LI END RECEIVE: '

;% GEND OUTPUTS A EYTE 7O THE UPI-41 MOTOF CONTROLLEF 3/

1
35 1 SEND: FROCEDURE 1DUTDATA) PUELIC: ]
4 7 DECLARE OQUTDATA EBYTE » STAT_COM EYTE AT (OFOCOH), =
P_DATA EYTE AT (OFOQ2H): ]
L R DO WHILE NOT SHR(STAT COM: 1) /0 WATT UNTIL UFIA1 IEF = 0 1/ - 4
8 3 END; '
49 F_DATA = NOT QUTDATA: /% MULTIBUS INVERTS &/ -
S I END SEND: ~
/X GET_COUNT OETAINS & SFECIFIED MOTOR'S ARSOLUTE FOSITION FROM ?;
THE UFI-41 3 )

1 CET _COUNT: FROCEDURE (MOTOR _NUMEEF: INTEGER:

z DECLAFE MOTOR_NUMEEF BYTE:

DECLARE (LSE,MSE) EYTES

DECLARE COUNT INTEGER AT (@LSE);

CALL SENDCC')s /% UFI-4{ FROMFT FOR SENDINC x/
MSE = RECEIVES /2 TARGET COUNT T0 B6/12 ®/
LSk = RECEIVES

RETURN COUNT:

END GET_COUNT:

R« TR IS A I N W

LR LnnoLn L e L en o un

FArOo PO Y £ by

/% UPDATE_COUNTS UPDATES THE MOTOR COUNTS ON THE CURKENT TRACK.
WHEN FIFST FASS I5 SET» THE TCNT ON THE STARTING TRACK IS
FECORDEL IN TCOUNTC, THIS IS DONE FROM INITIATE VARIABLES.
FOF ALL OTHEF CALLS. FIRST_PASS IS RFESET. AML THE CURRENT
TRACK'S MOTOR COUNTS ARE UFCATED. X7

Al UFDATE _COUNTS: FROCEDURE (FIRST_FASS) FURLIC:
DECLARE FIRST_FASS EYTES
DO CASE (CURRENT _TRACK AND 03H):
'
DOs
IF FIRST_FASS = |
THEN TCOUNTQ = GET_COUNT(1))
R ELSE TCNT = GET_COUNT(1)4
END S )
DO
IF FIRST_FASS = 1
THEN TCOUNTC = GET_COUNT(2);
ELSE TCNT = GET_COUNT(Z);
ENG:
p0s
IF FIRST_FASD =)
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THEN TCOUNTQ = GET_COUNT: 3%
ELSE TONT = GET_ZOUNT(3);
END:
END
END UFDHTE_COUNTSS

TARGET _DATA! PROCEDURE FUEBLIC:

/% FIRST. GET HTARC FOF FLIGHTy THEN GET TARGET_Y IN CASE TAMK
IS OM TRADK_3, THEN CLT EFFECTIVE TANK LENMGTHS AND HEIGHTC.
THEN GET HILt SLOFE AND nI i Z IN CASE TANK IS Ow TRACK I.

IN ANY CASE. GET TARGET I FOF GROUWDEL PROCEDURE, ¥/

CALL UPDATE_COUNTS(C);
HTARG = 1,694E-5 3 FLOAT(TONT - TCOUNTO}: /% 1.494E-5 RAD/COUNT 1/
TARGET_Y = 0.,05247 ® FLOAT(TCNTY: /x 0.05247 HETERS/COUNT ¥/
ALPHA = FLOAT(ACNT)/15,278875: /% 15,278875 COUNTS/RAC, =/

IF DCNT = 200

THEN DEFRESSION_DEPTH
ELSE DEFRECSION_DEFTH

TANK_HEIGHT; /3 TANK IS HIDDEN 3/
/% COFRECT GUNNEF AIMING ERROR Z ON TRACK 1. NGTE DCNT = 550 ON ALL OTHEF TRACKSx/

GAEZ F = GAEZ_F + TANK_HEIGHT % FLOATSSG-DONT /L, 0S0E4:
EFFECTIVE_TANK_LENGTH = TANK _LcMGTH ¥ AES(mqer COSCALPHAY) +
TANK_WILTH 3 AES(mqerSIN:ALPHA )G
EFFECTIVE_TANK_LENGTH/ 2.0t
(TANK_HEIGHT - DEFRESSION_DEPTHY/2,0!

EFF_HALF_TANE_LENCTH
EFF _HALF _TANK_HEIGHT

IF CURREMT_TRACK = 2
THEN HILL_DATA: DO:

/eesxxaxexax GET HILL SLOFE AND HILL Z AT TARGET xxxsxxxzrrrax’
/e GET ENTRY JUST BEYOND TARGET v 3/
I=20;
D0 WHILE TONT = MODEL _CQUNTIIV4
I=1+1;
END}
/x IF QUT OF TABLE, THEM EVERYTHING IS ZERO x/

IF (I=0)0r (I ==32)
THEN BETAr WILL_Z = 04}

/2 IF IN TABLE:. INTERFOLATE %/

ELSE DO}
BETA = HILL SLOFE-I: - FLDAT: /ACDEL _COUNTIIv - TCMTs 1360
(HILL_SLOPE(T) - HILL_SLOFELI-13%;
HILL_Z = WILL HEIGHT:I» - FLOAT  MODEL_COUNT(I) - TCONT: 136w
(HILL _HEIGHT(I} - HILL_HEIGHT I-1"':
ENDs

END HILL _DATA;
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06 2 DO CASE (CURRENT_TRACK AND 03H):
- 107 3 ;
INE 108 3 TARGET_Z = HALF_TANK_HEIGHT - DEPRESSION_DEPTH;
o 109 3 TARGET_Z = HILL_Z + HALF_TANK_HEIGHT:
< 1o 3 TARGET_Z = HALF_TANK_HEICHT;
i - 1m 3 END;
t
o 12 2 END TARGET_DATA;
: 12 o1 ACTIVE_TRACK: PROCEDUKE PUBLIC; g
14 2 IF TARGET_SNITCH = 0 i
THEN CURRENT_TRACK = STARTING_TRACK; by
: 16 2 ELSE CURRENT_TRACK = FINAL_TRACK: £
::§ 17 2 END ACTIVE_TRACK;
-
b3 148 1 HIT: PROCEDURE(TYFE); 3
s 19 2 DECLARE TYPE BYTE;
o 120 2 CALL SOUND(HIT_TARGET);
\ 121 2 SPEECH_HIT = 13
= 12 2 BIRD_WISSES,SPEECH_MISS = 0:
o 123 2 FINISHED = 1;
-~ 4 2 DO CASE TYPE;
) 125 3 BIRD_HITS = 1;
N 126 3 HIT_DISABLE = 1}
4 1273 HIT_KILL = 13
N 128 2 ; O
- 125 2 END; 3
Ry 130 2 END HIT; )
o 131 1 HILL: PROCEDURE;
12 2 BIRD_NISSES,SPEECH_NISS,HILL_IMPACT = 1;
A 133 2 END HILL:
. 124 1 GROUNDED: PROCEDURE PUBLIC: .
- 15 2 DECLARE HEIGHT REAL: 3
) 13 HEIGHT = ((TARGET_Z - LAUNCH_HEIGHT)X X / 3000,) + LAUNCH_HEIGHT; =
» 137 2 IF (HEIGHT + 2} <= 0, 2
e THEN D0; 8
N 1353 FINISHEDs GRND_BIRD = 1; =
x 140 3 CALL SOUND!(GROUND_EXF); =
- 1 3 END; iy
. 12 2 END GROUNDED; >
e~ /% LEVEL DETERMINES HIT OR MISS FOR TARGET ON LEVEL TERRAIN, %/ s
320 N
N 143 1 LEVEL: PROCEDURE (HMISS,VKISS); X
N 1 2 DECLARE (HMISS,VMISS) REAL; N
.0 e
® 145 2 IF ABS(VISS) < EFF_HALF_TANE_HEIGHT AND ¥
~ ARS(HWISS) ¢ EFF_HALF_TANK_LENGTH
= THEN D0; R4
.. 7 3 IF ABS(HAISS) < KILL_EOX THEN CALL HIT(KILL): -
- 1@ 3 ELSE CALL HIT(DISABLE ) n
e 50 3 END; o
i; 151 2 ELSE FLY_FAST! DOD; -
< 152 3 BIRD_MISSES,SPEECH_MISS = 15 :
- 153 3 IF HMISS : EFF_HALF_TANK_LENGTH -
N X
o &
5 89 )
e v
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THEN LEFT = HNISS - EFF_HALF_TANK_LENGTH: K

155 3 IF HNISS < 0., AND ABS(HMISS) > EFF_HALF_TANK_LENGTH
THEN RIGHT = HNISS + EFF_HALF_TANK_LENGTH; .
157 3 IF UMISS : EFF_HALF_TANK_HEIGHT X
THEN UP = UNISS - EFF_HALF_TANK_HEIGHT; -
159 3 IF UNISS < 0, AND ABS(VHISS) > EFF_HALF_TANK_HEIGHT )
THEN CALL HILL: ‘
161 3 END FLY_PAST; ¢
162 2 END LEVEL; y
/% FALLING SLOFE DETERNINES HIT OR MISS FOR TARGET PARTIALLY »

OBSCURED BY A WILL WITH SLOPE FALLING FROM RIGHT TO LEFT 3/

LR I £ IRPE

163 1 FALLING_SLOPE! PROCEDURE (SLOPEs INTERCEPT); /
164 2 DECLARE (SLOPEs INTERCEFT) REAL; ’
165 2 DECLARE (HILL_Y» LEFT_TANK_EDGE, RIGHT_TANK_EDGE) REAL; .
166 2 WILL_Y = (NISSILE_Z - INTERCEFT)/SLOPE: :
167 2 LEFT_TANK_EDGE = TARGET_Y + EFF_HALF_TANK_LENGTH; :
168 2 RIGHT_TANK_EDGE = TARGET_Y - EFF_HALF_TANK_LENGTH; !
149 2 IF (KISSILE_Z > 0.) AND (NISSILE_Z < TAMK_HEIGHT) AND !
(WISSILE_Y < LEFT_TANK_EDGE AND MISSILEY > HILL_Y) AND '
(NISSILE_Y > RIGHT_TANK_EDGE) ]
THEN CALL HIT(REGULAR:} J
7 ELSE MISS: DO; ;
172 3 BIRD_MISSESsSFEECH_NISC = 1}
173 3 IF NISSILE_Y © HILL_Y !
THEN CALL HILL:
175 3 ELSE FLY_PAST: DD;
176 4 IF MISSILEY > LEFT_TANK_EDGE
THEN LEFT = NISSILE_YV - LEFT_TANK_EDGE;
178 4 IF MISSILE_Y ¢ RIGHT_TANK_EDGE
THEN RIGHT = RIGHT_TAMK_EDGE - MISSILE_Y;
180 4 IF MISSILE_Z > TAMK_HEIGHT |
THEN UP = MISSILE_Z - TANK_HEIGHT;
182 4 END FLY_PAST;
183 3 END MISS:
184 2 END FALLING_SLOPE;

/% RISING SLOFE DETERMINES HIT OR MISS FOR TARGET PARTIALLY
OBSCURED BY A HILL WITH SLOFE KISING FROM RIGHT TO LEFT, =/

185 RISING_SLOPE: PROCEDURE (SLOPEs INTERCEFT)}

'j*_.: 190 LEFT_TANK_EDGE = TARGET_Y + EFF_HALF_TANK_LENGTH;
r.;‘,1 i IF (MISSILE_Z > 0.) AND (MISSILE_Z ¢ TANK_HEIGHT) AND
Bt (MISSILE_Y > RIGHT_TANK_EDGE AND MISSILE_Y < HILL_Y) AND

1
_ 186 2 DECLARE (SLOPEs INTERCEFT) REAL:
D 187 2 DECLARE (HILL_Y,» RIGHT_TAMK_EDGE, LEFT_TANK_EDGE) REAL:
AN 188 2 HILL_Y = (NISSILE_Z - INTERCEPT)/SLOPE;
23 189 2 RIGHT_TANK_EDGE = TARGET_Y - EFF_HALF_TANK_LENGTH;
¥ 2
2

s (NISSILEY < LEFT_TANK_EDGE)
AN THEN CALL HIT(REGULAR):
o 193 2 ELSE MISS: DO:
e 194 2 BIRD_NISSES»SPEECH_MISS = 1;
& 195 3 IF MISSILE.Y > WILL.Y
. THEN CALL HILL}
N 197 3 ELSE FLY_PAST: DO}
ir;:s 198 4 IF MISSILE.Y < RIGHT_TANK_EDGE
” '.-._.
e
AT
!('.: 90
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THEN RIGHT = RIGHT_TaNK_EDGE - WISSILE_Y:
IF MISSILE_Y > LEFT_TANK_EDGE
THEM LEFT = MISSILE Y - LEFT_TANK_EDGE}
IF MISSILE.Z > TAMK_HEIGHT
THEN UP = MISSILE_Z - TANK_HEIGHT}
END FLY_PAST}
END MISS:
END RISING_SLOPE;
/% TRACK { ADJUSTS MISSILE Z FOR POSSIBLE DEPRESSION AND CALLS
LEVEL 70 DETERMINE WIT OR MISS 3/

TRACK_1: PROCEDURE PUBLIC)
TEMP = NISSILE_Z - DEPRESSION_DEPTH - EFF_HALF_TANK_HEIGHT}
CALL LEVEL(OFF_H, TEWP);
END TRACK_1}

/2 TRACK 2 ROTATES OFF _H AND Z INTO COORDINATE SYSTEN CENTERED
ON THE TARGET AND PARALLEL 70 THE SLOPE OF THE HILL. THE
NISSILE COORDINATES IN THIS SYSTEM ARE THEN USED TO CALL LEVEL x/

TRACK_2: PROCEDURE PUBLIC:

HAGNITUPE = mqerYZX{(mqerYZX(OFF_Hy2.0) + nqer¥Y2X(Z+2.,0))+0.5)}
ANGLE = nqerAT2(0FF_Hi2)5

MISSILE_Y_PRIME = MAGNITUDE ¥ mqerSIN(ANGLE + BETA)}
MISSILE_Z_PRIME = MAGNITUDE x mqerCOS(ANGLE + BETA)}

/exxxxse WITH NEN COORDINATES, CALL LEVEL FOR HIT OR MISS =xxxaxz/
CALL LEVEL(MISSILE_Y_PRIME,» MISSILE_Z_PRIME)}
END TRACK_ 2}

/% TRACK 3 IS BROKEN UP INTO REGIONS OF LEVEL TERRAIN» FALLING
SLOPE OBSCURING TANKy RISING SLOPE OBSCURING TANKs AND TOTALLY
AND TOTALLY OBSCURED., TCNT IS USED TO PLACE THE TARGET IN THE
CORRECT KEGION: AMD THEN THE APPROPRIATE PROCEDURE IS CALLED, 3/

TRACK_3: PROCEDURE PUBLIC:
/% BREAKPOINTS OF REGIONS x/

DECLARE Y_A LITERALLY '52.52'y
Y_B LITERALLY '65.22's
Y.C LITERALLY '120.00'y
YD LITERALLY '181.70'y
Y_E LITERALLY '165.,30'y
Y_F LITERALLY '180,70'»
Y_G LITERALLY '222.80'+
Y_H LITERALLY '233,20';

/% PARAMETERS OF HILL IN FALLING AND RISING SLOPE REGIONS s/
DECLARE E_SLOPE LITERALLY *0,2105'y

B_INCPT LIVERALLY '-11,06',
b_S'OFE LITERALLY '-0.,1323'y
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D_INCFT LITERALLY *18.75's
F_SLOFE LITERALLY '0.1705*y
F_INCFT LITERALLY ‘~28.17'y
H_SLOPE LITERALLY ‘~0.2416's
H_INCPT LITERALLY '56.36'i

/% TANK TS LOCATED IN CORRECT REGION» AND APPROPRIATE RULES

OF HIT OR MISS APPLIED 3/

NISSILE_Y = TARGET_Y ¢+ OFF_H;
IF TARGET_Y < (Y_A - EFFECTIVE_TANK_LENGTH)
THEN CALL LEVEL(OFF N+ 2)}

ELSE IF TARGET.Y < Y_B

THEN CALL RISING_SLOPE(B_SLOPE,B_INCFT);

ELSE IF TARGET.Y < Y_C
THEN CALL HILL}

ELSE IF TARGET.Y < (Y_D + EFFECTIVE_TANK_LENGTH)
THEN CALL FALLING_SLOPE(D_SLOPE,D_INCPT)}

ELSE IF TARGET.Y < (Y

.E - EFFECTIVE_TANK_LENGTH)

THEN CALL LEVEL(OFF _H:2)¢

ELSE IF TARGET.Y < Y

F

THEN CALL RISING_SLOFE(F_SLOPE:F_INCFT):
ELSE IF TARGET_Y < Y_6

THEN CALL HILL:

ELSE IF TARGET_Y < (Y_H + EFFECTIVE_TANK_LENGTH)
THEN CALL FALLING_SLOPE(H_SLOPE-H_INCPT)}
ELSE CALL LEVEL(OFF_HsZ);

END TRACK 3/

END TON_TARGET_MODIAE:
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CROSS-REFERENCE LISTING

DEFN ADDR SIZE NAME, ATTRIBUTESs AND REFERENCES

ws. L I B B B BN
MZ" M"T LI I I I A A
04FEH ACTIVE_TRACK «
w!’” “LWAC LI L]
N3CH m[. ¢ 4. .
003 BETA v v v v v s
AO16H BIRD_HITS: + +

. BUILTIN 90 145 147
' INTEGER PUBLIC 8s
. PROCEDURE PUBLIC STACK=0002H
. REAL 83 %0
. REAL 213 214 215
' REAL 100 102 214 215
. BYTE AT ABSOLUTE 125
AOL7H BIRD_MISSES. . BYTE AT ABSOLUTE 122
B_INCPT, . . .
B_SLOPE. . . '
m“ mTOOCO L]
CURRENT_TRACK, + «
MNT‘.0.00 ¢
DEPRESSION_DEPTH . REAL 87 88
DISABLE. + + « & + o LITERALLY 149
DINCPT. ¢ v v v 4 LITERALLY 229
DSLOPE, « o v v 4 s LITERALLY 229
EFFECTIVE_TANK_LENGTH REAL %0 91 222
EFF_HALF _TANK_HEIGHT REAL §2 145 1%7
EFF_HALF _TANK_LENGTH REAL 91 145 153 168 189 190
FALLING_SLOPE. . . PROCEDURE STACK=0020H
FINAL_TRACK, + o + BYTE AT ABSOLUTE
FINISHED . . BYTE EXTERNAL(2)
FIRST_PASS . BYTE PARAMETER AUTOMATIC
FLOAT, + + BUILTIN 83 64
FLY_PAST LABEL
FLY_PAST . LABEL
FLY_PAST LABEL
F_INCPT, LITERALLY 233

LITERALLY 225
LITERALLY 225
INTEGER AT 98
BYTE PUBLIC

INTEGER PUBLIC

L]
.
.
.
L]
L]
L]
L
.
+
’
L}
1]
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"y
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45 4 4 % 5 v 0
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-

-
a 14 r
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s e 8 -
ALl )

FASA R
':'?'r »

F_SLOPE, . LITERALLY 233

GAEZF o ) REAL EXTERNAL(3) 89
GET_COUNT, ' PROCEDURE INTEGER STACK=000CH
GRND_BIRD., . BYTE AT ABSOLUTE 139
GROUNDED . ! PROCEDURE PUBLIC STACK=000AH
GROUND_EXP . . LITERALLY 140
HALF_TANK_HEIGHT . LITERALLY 108 109 110

L]
L)
L]
+
’
L]
L
.
[

e ® @ ® e *® e e o e ®© ®

L]
L
4
.
L]
L3
L]
L]
¢
[}
(]
L]
L}

HEIGHT o o o « o REAL 136 137

PROCEDURE STACK=0002H 160 174 196
LABEL

REAL ARRAY(3Z) DATA 103

BYTE PUBLIC 132

REAL ARRAY(32) DATA 102

REAL 166 169 173

REAL 1868 191 195

REAL 100 103 109

PROCEDURE STACK=000AH 148 149 170
BYTE AT ABSOLUTE 126

BYTE AT ABSOLUTE 127

LITERALLY 120

HILL o v 0 0 0 s
“IU-_MTAo U]
HILL_HEIGHT, .
HILL_IMPACT. .
HILL_SLOPE .
HILL_Y LR ]
HILLLY « o o
“ILL_Z ]
HITe o 0 0 o
HIT_DISABLE. .
HITKILL . . .
HIT_TARGET . .

*
+
.
L]
L4
L]
’
]
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143 FFFCH 4 MMISS. » 4 v v o « o«  REAL PARAMETER AUTONATIC 144 145 147 153 154 155 1%¢ ]
12 0000 4 HTARG. « v o o o v+ +  REAL EXTERNAL(7) 83 4
220 HINCFT. o o v v v o LITERALLY 237 b
220 H_SLOPE- Ve o LITERALLY 237 :'
17 O004EH 1 Tovveweeoees BYIE 95 9 97 99 102 103 -
4 FOOZH 1 INDATA « v 4 v v o+ o  BYTE AT ABSOLUTE 3 !l
185 FFFBH 4 INTERCEFT. « « + « « o  REAL PARAMETER AUTOMATIC 186 188 .
163 FFFBN 4 INTERCEPT. . . . « » +  REAL PARAMETER AUTOMATIC 164 166 K
23 KILL LI R T Y A A I A ) LITERALLY 148 H
2 KILLLBOX o v v o » o« «  LITERALLY 147
21 LAUNCH_HEIGHT. « « « «  LITERALLY 134
10 000H 4 LEFT . v v o v o oo »  KEAL PUBLIC 15¢ 177 201
165 0058H 4 LEFT_TAMK_EDGE . . « »  REAL 167 169 176 177
187 0048H 4 LEFT_TANK_EDGE . . . .  REAL 190 191 200 201
143 0601H 335 LEVEL. v+ « « « « « «  PROCEDURE STACK=001CH 209 216 223 231 238
53 006FH 1 LSBe o v o v o v v oo BYIE 54 57
15 00384 4 MAGNITUDE. . + + + + .  REAL 212 214 215
193 09A0H HISS « o o o v 0 v v o LABEL
171 08244 KISS « « « v o v v o« LABEL
14 001CH 4 MISSILEY. + 4+ 4 o+  REAL 169 173 176 177 178 179 191 195 198 199 200 It
21
16 004BH 4 NMISSILE_Y_PRIME. . . .  REAL 214 216
12 0000 4 MISSILEZv o v 4 v+ o  REAL EXTERNAL(4 166 169 180 181 188 191 202 203 20%
16 O0ACH & NISSILE_Z PRIME. . . .  REAL 218 2
18 0000H 44 MODEL_COUNT. » « » « »  INTEGER ARRAY(32) DATA 96 102 103
St 0004H 1 MOTOF_NUMEER . + . . .  BYTE PARAMETER AUTOMATIC 52
24 0000H MOERATZ, + v v 4 o o »  PROCEDURE REAL EXTERNAL(9) STACK=0G00H 213
27 0000H MOERCOS. « « + « « « +  PROCEDURE REAL EXTERNAL(10) STACK=0000H 90 215
30 0000H MOERSIN. + + + + » » +  PROCEDURE REAL EXTERNAL(11) STACK=0000H 90 214
33 0000H MBERYZX: « « v o o o+«  PROCEDURE REAL EXTERNAL(12) STACK=0000H 212
53 00700 1 M5B4 o o o v o v s v+ BYIE 56
12 0000H 4 OFF_ My o o« o v ¢« ¢ o«  REAL EXTERNAL(B) 209 212 213 221 223 231 238
45 0006H 1 OUTDATA. « 4 + » + + o BYTE PARAMETER AUTOMATIC % &
7 PORTC v « « v « o o+  LITERALLY
4% FOOZH 1 PDATA + v v v 4o v v o  BYTE AT ABSOLUTE 9
39 O1EBH 33 RECEIVE. « + « « 4 « +  PROCEDURE RYTE PUBLIC STACK=0002H 5 57
2 REGULAR, + v v v o+ o LITERALLY 170 192
10 00084 4 RIGHT. » ¢« ¢« v« o o+  KEAL PUBLIC 156 179 199
167 O0044H 4 RIGHT_TANK_EDGE. . . .  REAL 189 191 198 199
165 00SCH 4 RIGHT_TAM{_EDGE. . . .  REAL 148 169 178 179
185 O0BCCH 380 RISING.SLOPE . . . ., .  PROCEDURE STACK=0020H 2% 233
45 02094 44 SEND « ¢ « v ¢ o 4o+ o  PROCEDURE PUBLIC STACK=0004H 55
SHRe o o o o v o o oo BUILTIN &
185 FFFCH 4 SLOPE. « o « « « « « +  REAL PARANETER AUTOMATIC 184 188
163 FFFCH 4 SLOPE. + » o » 4 + + »  REAL PARANETER AUTOMATIC 164 166
36 0000H SOUND: + « v v o o+«  PROCEDURKE EXTERNAL(13) STACK=000OH 120 140
6 0000H 1 SPEECHMIT + . v o 4 .  EYTE EXTERNAL(D) 121
6 0000k 1 SPEECH_MISS. « + + 4 .  BYTE EXTERNAL(1) 122 132 152 172 194
4 AOOCH 1 STARTING_TRACK . » . »  BYTE AT ABSOLUTE 115
40 FOOOH 1 STATUS « « v « « « « o  BYTE AT ABSOLUTE 4
4 FOOOH 1 STATCOM . » 4 v 4 .+  EYTE AT ARSOLUTE 47
2 TANK_HEIGHT, + o o « o LITERALLY 87 88 8% 92 169 180 181 191 202 203
21 TMK_LENGTH- ) LITERALLY 90
2 TANKMIOTH « « o o o o« LITERALLY 90
81 O02SH 537 TARGET_DATA. + « » » ,»  PROCEDURE FUBLIC STACK=0018H
4 AOODH 1 TARGET_SNITCHM. . . . .  BYTE A? ABSOLUTE 114

14 0020H 4 TARGET.Y . . REAL B4 147 168 189 190

..........
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00104

0000H
0000H
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MODULE INFORMATION?

CODE AREA SIZE
CONSTANT AREA SIZE = 0000H
VARIABLE AREA SIZE = 0071H
BAXIMUM STACK SIZE = 0026H
423 LINES READ
0 PROGRAM ERROR(S)

END OF PL/M-84 COMPILATION
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TARGET_Z
TCNT .,
TCOUNTO,
TENP .+
THETA.
THETA,

TON_TARGET_NODULE

L]
’
L}
1]

+
L
+
.
(]
[

TRACK_ L. &+
TRACK_2: «
TRACK 3+ +
TYPE LI I B

UP [ N I I N
UPDATE_COUNTS.
UMISS, + o o
RHAT_KIND. .

x..

’
[}
L]
[}
1]
[}
L}
(]
*
.
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234 23

REAL 108 109 110
INTEGER PUBLIC 67
INTEGER PUBLIC 66
REAL 208 209

REAL PARAMETER 3
REAL PARAMETER 28

PROCEDURE STACK=0000H

136
n.n
71 76

PROCEDURE PUBLIC STACK=0020H
PROCEDURE PUBLIC STACK=0020H
PROCEDURE PUBLIC STACK=00Z&H
BYTE PARAMETER AUTOMATIC

REAL PUBLIC

119

158 181 203

PROCEDURE PUBLIC STACK=0012H
REAL PARANETER AUTOMATIC

BYTE PARAMETER

REAL PARAMETER

REAL EXTERNAL(4)
REAL PARAMETER

REAL PARAMETER

REAL PARAMETER
LITERALLY 222
LITERALLY 224
LITERALLY 226
LITERALLY 228
LITERALLY 230
LITERALLY 232
LITERALLY 234
LITERALLY 236
REAL EXTERNAL(D)

¥
F

KL}
25
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137 12

83 84 96 102 103

83
124 3
82 2
15 157 159 199 g
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1SIS-II PL/M-84 V2.1 COMFILATION OF MODULE TOM_SPEECH_MODULE
OBJECT MODULE PLACED IN :F23TONSPC.OBJ
COMPILER INVOKED BY: PLNO& F2iTOMSPC.010 DEBUG ROM MEDIUM XREF IXKEF WORKFILES(IF2:,iF2:) DATE(1/17/83)

1 TON_SPEECH_NODULE® DO
Jezxxzyxxxxesxxxzxx DECLARE ABSOLUTE ADDRESSES xxsxxxiyxxXXzxzzx/

21 DECLARE DAY_SIGHT EYTE AT (0AOO7HY» CONTINUE BYTE AT (0ACIFH).
EAST_WEST BYTE AT (OAGOFH)» STARTING_TRACK BYTE AT (OAOOCH):

3 ¢ DECLARE (H_MIS_ASCII»V_MIS_ASCII,X_MIS_ASCII) (22) BYTE AT (0A0ZZH)}
/xaxnzxxaxxxxxxxxxx DECLARE GLOBAL VARIABLES XIXxxxxXxaXyIXESXXx/
i 1 DECLARE (GUIDANCE_LOSTsHILL_IMPACT, WIRE_BROKE) BYTE EXTERNAL:
5 1 DECLARE (RIGHTsLEFTsUP»SHORT} REAL EXTERNAL:
/azxxxxxzxxxxxxxx DECLARE EXCLUSIVE VARIABLES REXXZXXXXXRXEREXX/
6 1 DECLARE ALKEADY_OUT BYTE; /% FLAG USED BY COACHING =/
7 1 DECLARE (SPEECH_HIT, SFEECH_MISS) BYTE PUBLIC:
8 1 DECLARE I WORD» K BYTE;
9 1 DECLARE PORT_E LITERALLY 'OCAH'» PORT_C LITERALLY 'OCCH'}
/3 FIRE SIGNAL FROM DIGITALKER BOARD =/
10 1t DECLARE DONT_FIRE LITERALLY ‘SHR(INPUT(PORT_E),1)'$
/% GAE LINITS WHICH CAUSE COACHING WHEN EXCEEDED x/
1n 1 DECLARE GAEH_LINIT LITERALLY '600,0E-4'y GAEV_LIMIT LITERALLY '150.0E-6'
/3ERaXEIXTTIANERAINAIN DECLARE HORD CODES XZEXRXRXXZXXINIXXNXXXR/
/3 VOICE SUBSYSTEM REQUIRES A SEQUENCE OF THREE BYTES TO

SPECIFY THE WORD OR PAUSE TO BE SPOKEN. THE FORMAT IS
WORD PAGE NUMBER» WORD ADDRESS ON PAGE» VOLUME OF WORD =/

12 1 DECLARE USE LITERALLY *02H,04Hs02H'»
DAY LITERALLY '0ZHy02H+O2H'»
NIGHT LITERALLY 'OZHy08H»O2H' s
SIGHT LITERALLY '02Ms11H,02H'y
SauaD LITERALLY '02Hs18HsO03H',
N TANK LITERALLY '02HsOCHrO3H'» X
= EAST LITERALLY 'O2H»0BHsO2H'y -
L WEST LITERALLY '02HyOCHsO2H', ]
THREE LITERALLY '00Hs03HsO2H'y g
.’ THOUSAND LITERALLY 'OOH»1DHsO2H" ¢ i
— METER LITERALLY 'O0H»4AHsOZH
e ss LITERALLY 'OOH+B1HsOZH' s -1
3'::
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ST,

v
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Y XX
0 o W h
VY YY) !’

Wy

e
NS
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AR

13
14
15
16
17
18
19
20

21

AT_ LITERALLY *02H»0SHs02H'
MY LITERALLY *O02Hs 15Hy02H' +
COMMAND LITERALLY '02Hy03H,02H'» {
FIRE LITERALLY *O02Hs0&HsO3H" s g
FIRE_STUPID LITERALLY '02Hy08Hy03H'
ABORT LITERALLY 'O1Hs00HsOZH' s
CEASE LITERALLY '02Hs OEHyO2H' » i
TRACKING LITERALLY '0ZH+10HsO2H' s
HIT LITERALLY *OZHr13H+02H' |
NISS LITERALLY *02Hs12Hs02H's )
RIGHT_ LITERALLY 'O00HsB0H: 02H' »
LEFT_ LITERALLY *O0Hs83Hs02H' ¢ -
HIGH. LITERALLY *O0OH:SBH)O2H' s
LON_ LITERALLY *OO0H:87HsO2H' s
POINT LITERALLY *OOK:7AH)02H' s
FROM LITERALLY "O1Hs34Hs02H'
TARGET LITERALLY *02H»16Hy02H' y !
HUNORED LITERALLY 'OOH»1CHs0ZH' s ;
ON LITERALLY 'O0Hy73H:02H' i
CORRECT LITERALLY 'O1Hs16Hy02H' »
VERY_SHORT_PAUSE LITERALLY 'O0H:43H00H" » }
SHORT_PAUSE LITERALLY "OOH: 44H, 00H' s
MEDIUN_PAUSE  LITERALLY "OOHrASHOOH',
LONG_PAUSE LITERALLY *00H»4&H»00H' »

VERY_LONE_PAUSE LITERALLY ‘OOH»47HsO0H'+

/eXRERsXXxxxxXXaXXXXx DECLARE PHRASES XERXXZIXZTEXEEZXXXXNAXERR/

/% PHRASES ARE STORED IN ROM AS CONSTANT STRINGS OF THE
NORD CODES DEFINED ABOVE =/

DECLARE PHRASE_1 (x) BYTE DATA
(USE,VERY_SHOKT_PAUSE»DAY,VERY_SHORT_PAUSE »SIGHT)$
DECLARE PHRASE_2 (%) BYTE DATA ‘
(USE»VERY_SHORT_PAUSE sNIGHT,VERY_SHORT_PAUSE,SIGHT)
DECLARE PHRASE_3 (x) BYTE DATA
(SQUAD#VERY LONG_PAUSE » TANK s NEDTUM_PAUSE} ;
DECLARE PHRASE_4 (3) BYTE DATA
(EAST,MEDIUM_PAUSE)}
DECLARE PHRASE_S (X) BYTE DATA
(MEST,HEDIUN_PAUSE) }
DECLARE PHRASE_6 (3) BYTE DATA
(THREE » VERY_SHORT_PAUSE» THOUSAND  SHORT_PAUSE s METER SS) ¢
DECLARE PHRASE_7 (2) BYTE DATA
(AT_»VERY_SHORT_PAUSE»MY,VERY_SHORT _PAUSE, CONMAND) }
DECLARE PHRASE_8 (3) BYTE DATA
(CEASE» SHORT _PAUSE » TRACKING ) ¢
DECLARE PHRASE_? () BYTE DATA
(HIT)$
DECLARE PHRASE_10 (x) EYTE DATA
(MISSsVERY_LONG_PAUSE)
DECLARE PHRASE_11 (2) BYTE DATA
(HIGH_»VERY_LONG_PAUSE)
DECLARE PHRASE_12 (m) BYTE DATA
(RIGHT )3
DECLARE PHRASE_13 (x) BYTE DATA
(LEFT_)}

97

Ve T e e L ta e
D N T PR
R IR I
PP R R R



[4

2

Pl v
LR T AT
L I T I T I IR
PR ]

ML S
o' a’-"-'-
"S5 %%

.
LAl

.'n’

.
. L] "
e

AR

)
]
.'-
g
.

.

"t .

38

39

40
41

o

13
1
15

44
LV
48
9
50
51

-
KT

53
54

ry -

W

N LY LW Y R RN

DECLARE FHRASE_14 (x} RYTE DATA
(METER) ¢
DECLARE PHRASE_15 () BYTE DATA
(85)+
DECLARE PHRASE_16 (x) RYTE DATA
(SHORT_PAUSE)
DECLARE PHRASE_17 (x) BYTE DATA
(POINT)$
DECLARE PHRASE_18 (x) BYTE DATA
(LONG_PAUSE) }
DECLARE PHKASE_19 (x) BYTE DATA
(FIRE)}
DECLARE PHRASE_20 (¥) BYTE DATA
(FIRE_STUPID) }
DECLARE PHRASE_Z1 (¥) BYTE DATA
(ABORT) §
DECLARE PHRASE_22 () BYTE DATA
(FROM, SHORT _PALSE s TARGET) $
DECLARE PHRASE_23 (x) BYTE DATA
(THOUSAND) §
DECLARE PHRASE_24 (x) BYTE DATA
(HUNDRED) 5
DECLARE PHRASE_25 (3) BYTE DATA
(LON_)¢
DECLARE PHRASE_2¢ (x) BYTE DATA
(HIGH_)+
DECLARE PHRASE_2” (3) BYTE DATA
{CORRECT) }

/32335 IxxxxxxIIaxxxs MODULE PROCEDURES XEXXRXEXXRXZEZXXEXXXXEN/

/% THE SEND PROCEDURE WRITES A BYTE TO THE UPI41 ON THE
DIGITALKER BOARD WHEN IT IS READY %/

SEND: PROCEDURE (OUTDATA):
DECLARE DUTDATA BYTE, STAT_CON BYTE AT (ODOOZH),
F_DATA BYTE AT (ODOOOH)}
DO WHILE NOT SHR(STAT_COM:1); /% WAIT UNTIL UPIAY IBF = 0 1/
END}
P_DATA = NOT OUTDATA:
END SENDS

/% WULTIBUS INVERTS 3/

/% XHIT WRITES AN ENTIRE PHRASE TO THE UPI41 ON THE DIGITALKER
BOARD ®/

XMIT: PROCEDURE (PHRASE_PTR» PHRASE_LENGTH):

DECLARE FHRASE_PTR POINTERK, PHRASE_LENGTH WORD:
DECLARE (ITEM EASED PHRASE_PTR) (1) BYTE:
1=20;
DO WHILE I - FHRASE_LENGTH:

CALL SENL (ITEM:I));

=1+ 1

END;

END XMIT:

iititiiiiteiitedtest ittt ieititteittitititittotifiositittitteied]
IN THE FOLLOWINGs *WORD' MEANS THAT THE WORD

- -
------

........




IS SPOKEN.
thpitetittbiibidietiiletteottidatitideidtitiidiietttitieirititiisity]

MISSED BY. IT IS FOLLOWED BY A SHORT PAUSE. =/

/3 SAY_AMOUNT HAS DIGITALKER SAY THE NUMBER OF METERS THAT MISSILE

s 1 SAY_AMOUNT: PROCEDURE (BUFF_PTR);
5 2 DECLARE BUFF_PTR POINTER;
7 2 DECLARE (ASCII_NUMBER BASED BUFF_PTR) (4) BYTE;
8 2 IF ASCII_NUMBER(0) <> Z0H /% NO THOUSANDS DIGIT 3/
THEN DO;
60 3 CALL SEND(OOH); /% PAGE ZERO 3/
61 3 CALL SEND(ASCII_MUMEEK(0) - 30H): /% *THOUSANDS DIGIT* 3/
62 3 CALL SEND(OZH) /% VOLUME THD %/
63 3 CALL XMIT(@FHRASE_23,SIZE(FHRASE_23})7 /x'THOUSAND® x/
43 END;
65 2 IF (ASCII_NUMEER(I) <> 20H) AND (ASCII_NUMBER(1) < 30H)
/% NO HUNDREDS DIGIT x/
THEN DO;
67 3 CALL SEND!OOH); /% FAGE ZERD %/
8 3 CALL SEND(ASCII_NUMEER(1) - 30H); /% *HUNDKREDS DIGIT® ®/
9 3 CALL SEND(OZH); /% VOLUNE THD x/
70 3 CALL XMIT(BPHRASE_24,SIZE(PHRASE_24))i /X *HUNDRED® x/
AR ENDS
T2 CALL SEND(OOH: /% PAGE 0 %/
k- IF (ASCIT_NUMEER(Z) = 20H) /% NO TENS DIGIT x/
THEN 00;
75 3 IF ASCII_NUNEER(3) = 30H /% TERD HAS SPECIAL ADDRESS %
THEN CALL SEND(IFH!; /x ADDRESS OF ZERD 3/
773 ELSE CALL SEND(ASCII_NUMBER(3) - 30H): /X OTHER ADDRESSES 2/
78 3 END}
79 2 ELSE IF ASCII_NUMBER(2) = 31N /% TENS DIGIT IS ONE ®/
THEN CALL SEND(ASCII_NUMEER(3) - 30H + OAH); /x SEND ADDRESS 8/
81 2 ELSE IF ASCII_NUMEER(2) <; 30H
THEN DO; /% TENS DIGIT IS NOT ZERO OR ONE 3/
83 3 CALL SEND(ASCII_NUMBER(2) - 1EH); /x SEND TENS ADDK. %/
B4 3 IF ASCII_NUMBER(3) <> 30H  /E UMLESS ONES IS ZERO 5.
THEN D03
3 4 CALL SEND(OZH)} /% SEND VOLUNE FOR TENS %/
87 4 CALL SEND(OCH); /% PAGE ZERQ ¥/
88 4 CALL SEND(ASCII_NUMEER(3} - 30H); /3 ONES ADDR. r/
. 89 4 END;
e % 3 END;
e CALL SEND(OZH)} /% SEND VOLUME FOR LAST WORD %/
L 92 2 IF ASCII_NUMBER(S) <> 30H /% UNLESS NO TENTHS 1/
i THEN DO;
o 9 3 CALL XMIT(@PHRASE_17/SIZE(PHRASE_17)); /x SAY POINT 3/
o 5 3 CALL SEND(0OH) /3 PAGE ZERD ¥/
- % 3 CALL SEND(ASCII_NUMEER(S) - 30H); /n TENTHS ADCF, 3
YO 97 3 CALL SEND(C2HY; /% VOLUME 3/
PR 9 3 END:
RS 99 2 CALL XMIT:@FHRASE_16/SIZE/FHRASE_16))i /% SHORT PAUSE 3/
e 100 2 END 5AT_AROUNT;
‘. g /% WISS_DISTANCE HAS DIGITALKER SAY THE hISS_DISTANCE AND METER OK
A METERS FOLLOMED EY A LONC FAUSE 3/
R
. "p."
RO 99
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MISS_DISTANCE: PROCEDURE (DISTANCE: ASCII_FTR)S
DECLARE DISTANCE FEA'. A5cil FTR POINTEKS
CALL SAY_amOUNT(ASCII_FTR)i /% SAY THE AMOUNT ¥/
CALL XMIT(BFHRASE_14+SIZE(FHRASE_14)); /X SAY METERS UNLESS &/
IF FIX(10.0 = DISTANCE) < 10 /x DISTANCE = 1.0 8/
THEN CALL XMIT(@PHRASE_15»SIZE(PHRASE_19)): /% THEN SAY METEF x/
CALL XMIT(@PHRASE_18,SIZE(FHRASE_18}): /x LONC FAUSE 3/
END MISS_DISTANCE:

/% PROLDG IS CALLED FROM TOMMN BEFORE A TRIGGER FULL. ®/

FROLDG: FROCEDURE PUBLIC:
DO WHILE NOT CONTINUE:
END}
CONTINUE = 0;

/2 WAIT TILL SCENARIO SELECTED z/

/% TURN ON TARGET LIGHT u/
DO CASE (STAFTING_TRACK AND O3H}$

!

QUTPUT(PORT_C) = OFEH}
DUTPUT(PORT_C) = OFDH;
OUTPUT(PORT_C) = OFEH}
END?

/% PORT_C HAS INVEFTED OUTPUTS =/

IF DAY_SIGHT = 1 /x 1 = *USE DAY SIGHT"» O = °USE NIGHT SIGHT® =/

THEN CALL XMIT(@FPHRASE_1,SIZE(FHRASE_ 1))}

ELSE CALL XMIT(@PHRASE_2,SIZE{PHRASE_2))}

DO RHILE NOT CONTINUES /% WAIT TILL READY AND MOTORS START 3/
END}

CONTINUE = 03

CALL XMIT(@PHRASE_3»SIZE(FHRASE_3))}

IF EAST_NEST =1

THEN CALL XMIT(@FHRASE_4,SIZE(PHRASE_4))3

ELSE CALL XMIT(@PHRASE_S+SIZE(PHKASE_S))+

CALL XMIT(@PHRASE_6SIZE(FHRASE 4}Y;

CALL TIME(1000D:$

CALL XMIT(@PHRASE_7,SIZE(PHRASE_ 7));

CALL TIME(10000};

DO WHILE DONT_FIRE: /8 WAIT TILL CYS12 SAYS FIRE®/
END; /x AND QUTFUT TO BIT1 ON PORT_E 3/

CALL XMIT(@PHRASE_19+SIZE(FHRASE_19))4 /% "FIRE" ®/

ALREADY_OUT = 0i /% TERD A COACHING FLAG 3/

END PROLOG}

/% *ALERT! TANK® 3/
/¥ 1 = “EAST®s 0 = "WEST® 3/

/% *3000 METERS® x/
/3 1 SEC DELAY x/
/3 “AT MY CONMAND® ¥/

/3 FIRE AGAIN MAKES DIGITALKER SAY FIRE LOUDER. CALLED FROM TOMWMN IF
TRAINEE DOESN'T FIRE WITHIN TWD SECONDS AFTEF FIRST COMMANDED. 3.

FIRE_AGAIN: PROCEDURE PUBLICS
CALL XMIT(@PHRASE_20+SIZE(PHKASE_20)): /¥ FIRE STUPID 3/
END FIRE_AGAIN;

/% QUIT MAKES DIGITALKER SAY CEASE TRACKING THEN AEOKT. CALLED FKOM
TOMMN IF TRAINEE DOESN'T FIRE THE SECOND TIME. 3/

QUIT: FROCEDURE PURLIC:
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CALL XMIT(@PHRASE_8+SIZE (PHRASE_8))} /3 CEASE TRACKING x/

CALL XMIT(@PHRASE_18+SIZE(FHRASE_18))} /% LONG PAUSE x/
CALL XMIT(BFHRASE_21/SIZE(PHRASE_21)); /8 ABORY 3/
END QUIT:

/% COACH CALLED FROM TOWFLF; FLIGHT PROCEDURE. VERTICAL COACHING
OVERIDES HORIZONTAL COACHING, SINCE MORE CRITICAL. THIS IS TO AVOID
CONFUSING THE GUNNER EY COACHING IN EOTH DIRECTIONS SIMULTANEOUSLY ®/

COACH: PROCEDURE (GAEH, GAEV) PUBLIC)
DECLARE (GAEH» GAEV) REALS
IF (ARS(GAEH) <{ GAEH_LIMIT) AND (ABS(GAEV) < GAEV_LINIT)
AND (ALREADY_QUT = 1)

/1 NAS OFF TARGET, BACK ON TARGET m/

THEN DO
CALL XMIT(BPHKASE 27,SIZE(PHRASE_27)); /% *ON TARGET' %/
ALREADY_OUT = 03
END}

IF ABS(GAEV) - GAEV_LIMIT

/% HIGH OF LOW x/

THEN DO}
IF GAEY - O, THEN CALL XMIT(@PHRASE_26sSIZE(PHRASE_Z26)): /x "HIGH® %/
ELSE CALL XMIT(@PHRASE_25+SIZE(FHRASE_25))3 /x *LOW * 1/
ALREADY_QUT = 13 /% OFF TARGET =/
END}

/% RIGHT OR LEFT, BUT NOT HIGH OR LON x/

ELSE IF AES(GAEH) : GAEH_LIMIT
THEN DO}
IF GAEH * 0. THEN CALL XWIT(@PHRASE_12,SIZE(PHRASE_12))} /& °RIGHT * %/
ELSE CALL XMIT(BFHRASE_13,SIZE(PHRASE_13))§ /= °LEFT* 1/
ALREADY_OUT = 1} /% OFF TARGET x/
END}
END COACH;

/% NOTE THAT EPILOG USES THE ASCII BUFFERS FOR MISS DISTANCE TO
CAUSE DIGITALKER TO ALSO SAY THE MISS DISTANCES 3/

EPILOG: PROCEDURE PUBLIC:

CALL XMIT{@PHRASE_8+SIZE(PHRASE_B))} /% *CEASE TRACKING® n/

CALL TIME(10000)} /¥ 1 SEC DELAY =/
IF SPEECH_HIT = ¢
THEN CALL XMIT(@PHRASE_9,SIZE(PHRASE_9))4 /% *HIT® n/
IF SPEECH_MISS = 1
THEN DO}
CALL XMIT(@PHRASE_10+STZE(FHRASE_10))¢ /% *MISS' x/
IFUP 7 0
THEN DO}
CALL MISS_DISTANCE(UP,BV_NIS_ASCII(0))} /% DISTANCE %/
CALL XMIT(@PHRASE_11:SIZE(FHRASE_11)1} /3 “HIGH® 3/
END/
IF RIGHT 7 0.
101
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THEN DO}
183 4 CALL NISS_DISTANCE(RIGHT,@H_IS_ASCII(0)); /x DISTANCE ¥/
184 4 CALL XNIT(BPHRASE_12+SIZE (PHRASE_12)); /3 *RIGHT* %/
185 4 END;
186 3 IF LEFT <> 0
THEN DO}
188 4 CALL ISS_DISTANCE(LEFT,@H_NIS_ASCII(0));  /m DISTANCE 1/ .
189 4 CALL XHIT(BPHRASE_137SIZE (PHRASE_13)); /3 SLEFT* 3/ -]
190 4 END; %
191 3 END: ;
/% NOTE THAT X_MIS_ASCII USED FOR SPECIAL COMMENTS IN i
SPECIAL MISS SITUATIONS. DICITALKER IS PREVENTED FROM g
ATTENPTING TO USE THE BUFFER IN THESE SITUATIONS =/ .
192 2 ELSE IF (SHORT < 0. AND ABS(SHORT) > 2.6418) AND (WIRE_BROKE = 0) :
AND (HILL_INPACT = 0) AND (GUIDANCE_LOST = 0)
THEN DO;
194 3 CALL XNIT(@PHRASE_10,SIZE(FHRASE_10))} /% "HISS* ¥/
195 3 CALL NISS_DISTANCE(SHORT,@X_NIS_ASCII(0));  /x DISTAMCE %/
19 3 CALL XNIT(@PHRASE_22:SIZE(PHRASE_22));  /m FROM TARGET® %/
197 3 END:
END EPILOGS

199 1 END TON_SPEECH_MODULE }
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CROSS-REFERENCE LISTING

DEFN  ADDR

SIZE

NANEs ATTRIBUTES, AND REFERENCES

12

b
57
101

12
kN

146

113}

168

138

12

2
&

146

146

101

000ZH
0000H

0004H

0004H

0451H

AOLFH

AOO7H
FFFCH

ACOFH

0586H

041FH

FFFCH

FFF8H

0000H

00004

AO22H

0000H
0005H
00004

028EH

........

379

19

92

WTO ¢ N
hBS.lO‘.
ALREADY_OUT.
ASCII_NUMEER

ASCII_FTR.
AT_. e
BUFF_PTK

CEASE.
COACH,

+

CONMAND.
CONTINUE
CORRECT. .
DAYD LI I
DAY_SIGHT,
DISTANCE .
DONT_FIRE,
EAST + .
EAST_NEST.
EPILOG . .
FIRE L B )
FIRE_AGAIN
FIRE_STUFID.
FIX' [ 2 B A )
FRON . .
GAEH + o
GAEH_LINMIT
GAEV + 4
GAEV_LINIT .

GUIDANCE_LOST

L]
4
+

+

L}
L]
.
+
+
*
L
*
.
’
4
L4
t
]

+
]
L

*

“IGH,o (]
HILL_INPACT,
HITO [ I I
HUNDRED, + .
H_KIS_ASCII.

IO'OOOO

T,
ITEM
KOO.
LEFT
LEFT_.

L]

LONG_PAUSE
LO“- “ e
MEDIUM_PAUSE
"ETER« L I}
HISS D R I )
MISS_DISTANCE.
) B

..................
....................
o« 2%e 2 e

L}
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LITERALLY 3

BUILTIN 148 133 140 192

BYTE 136 148 151 158 145

BYTE BASED(BUFF_PTR) ARRAY(4) 8 4
79 80 Bl 83 84 88 92 %6

POINTEK PARAMETER AUTOMATIC 102 103

LITERALLY 19

POINTER FARAMETER AUTONATIC 5657
75 77 79 80 81 B3 84 88 %2

LITERALLY 20

PROCEDURE PUBLIC STACK=001EH

LITERALLY 19

BYTE AT ABSOLUTE 110 112 122 124

LITERALLY 39

LITERALLY 13

BYTE AT AESOLUTE 119

REAL PARAMETER AUTOMATIC 102 105

LITERALLY 133

LITERALLY 16

BYTE AT ABSOLUTE 124

PROCEDURE PUBLIC STACK=0028H

LITERALLY 3

PROCEDURE PUBLIC STACK=0012H

LITERALLY 32

BUILTIN 105

LITERALLY 34

REAL PARAMETER AUTOMATIC 147 148 160

LITERALLY 148 140

REAL PARAMETER AUTOMATIC 147 148 193

LITERALLY 148 153

BYTE EXTERNAL(0) 192

LITERALLY 23 38

BYTE EXTERNAL(1) 192

LITERALLY 21

LITERALLY 36

BYTE ARRAY(22) AT ABSOLUTE 183 188

HORD 4% 50 St 52

BUILTIN 133

BYTE BASED(PHRASE_PTR) ARRAY(1) 5t

BYTE

REAL EXTERNAL(4) 186 188

LITERALLY 25

LITERALLY 30

LITERALLY K74

LITERALLY 15 16 17

LITERALLY 18 26

LITERALLY 22

PROCEDURE STACK=0022H 178 183 158

LITERALLY 19

65 48

58 61 45
96

162

135

195

o

St “w *\ AN



.........

12 NIGHT. + o o 4 o . LITERALLY 14 oy
12 ON v o v v v v v LITERALLY .
40 0004 1 OUTDATA, . . .. .  BYTE PARAMETER AUTOMATIC 4 o«
QUTRUT « , 4 . . . BUILTIN 15 116 117 1
13 00144 1S PHRASE_1 . . . . .  BYTE ARRAY(15) DATA 120 =
22 0077W & PHRASE_10, . . » .  BYTE ARRAY(4) DATA 175 194 —
23 007TOR 6 PHRASE12. . . ..  BYTE ARRAY(6) DATA 179 g;f
20 00834 3 PHRASE_12, . . . .  BYTE ARRAY(3) DATA 163 184 o
25 0086 3 PMRASE_13, . . . .  BYTE ARRAY(3) DATA 164 189
26 0089 3 PHRASE_14, . ., . .  BYTE ARRAY(3) DATA 104
29 0092H 3 PHRASE_17. . . . .  BYTE ARRAY(J) DATA 94 .
30 0095H 3 PHRASE_18. . . . .  BYTE ARRAY(3) DATA 107 143
31 0098H 3 PHRASE_19. . . . .  BYTE ARRAY(3) DATA 135
14 0023 15 PHRASE.Z . . . . .  BYTE ARRAY(15) DATA 121
2 009EH 3 PHRASE20. . . . .  BYTE ARRAY(3) DATA 139
33 O09EH 3 PHRASE_21, . . . .  BYTE ARRAY(3) DATA 144
3% 00AIH 9 PHRASE_22, . . . .  BYTE ARRAY(9) DATA 196
35 00AAH 3 FHRASE23. . . . .  BYTE ARRAY(3) DATA 63
3¢ 00ADK 3 PHRASE_24, . . . .  BYTE ARRAY(3) DATA 70
37 O00BOH 3 FPHRASE_2S. . . . .  BYTE ARRAY(3) DATA 157
38 O00R3H 3 PHRASE_24, . ., . .  BYTE ARRAT(3) DATA 156
39 O00BAH 3 PHRASE_27. .+ . .  BYTE ARRAY(3) DATA 150
S 003ZH 12 PHRASE3 . ., . . .  BYTE ARRAY(12) DATA 12
16 O03EH 6 PHRASEL4 . . . . .  BYTE ARRAY(4) DATA 12
17 00%H & PHRASELS . . . » +  BYTE ARRAY(&) DATA 128
18 004AH 18 PHRASE_& . + » . o  BYTE ARRAY(18) DATA 129
19 00SCH 1S PHRASE7 + 4 » » +  BYTE ARRAY(15) DATA 131
20 O0SBH 9 PHRASELB + . » . .  BYTE ARRAY(9) DATA 142169
21 0074H 3 PHRASE9 . . . . .,  BYTE ARRAY(3) DATA 172
46 0004H 2 PHRASE_LENGTH, . .  HORD PARAMETER AUTOMATIC 7 50
4 0006H 4 PHRASEPTR ., , . .  POINTER PARANETER AUTOMATIC 7 4 St
12 POINT, 4 « + o »  LITERALLY 29
9 PORTB 4 » v v 4 o  LITERALLY 132
9 PORTC v ¢« « o o+ LITERALLY 1S 116 117
109 O02E7W 312 PROLOG + + 4 4 » »  PROCEDURE PUBLIC STACK=0012H
41 DOOOH 1 F_DATA . ... ..  BYTE AT ARSOLUTE 1)
141 0A32H 47 QUIT ..., ... PROCEDURE FUBLIC STACK=0012H
S 0000 4 KIGHT. . . 4+ 4+  REAL EXTERNAL(3) 181 183
1z RIGHT_ » + v o+ o LITERALLY 2
S5 0135H 342 SAY_AMOUNT . . . .  PROCEDURE STACK=0016M 103
- 40 OODEH 44 SEND . + 4 » + o+  PROCEDURE STACK=0004H S1 40 61 42 &7 48 &9 72
-~ 76 77 80 83 B85 87 B8 91 95 9 &
- S O0000H 4 SHORT. . . . . ..  REAL EXTERNAL(6) 192 195
32 12 SHORT_PAUSE. . + »  LITERALLY 18 20 28 M
LA SHRI [ T N I I I ) BUILTIN 12 133
@ 12 SIGHT. « + v v « »  LITERALLY 13 14
- SIZE .« v v 4 v+ BUILTIN 63 70 9% 99 104 104 107 120 121 125 127
S 128129 121 125 130 147 143 144 150 156 157 163 164 1e¢
A5 172 175 17% 184 189 194 194
~ 7 0003H 1 SPEECHMIT . . . .  BYTE PURLIC 171
. 7 O0004H 1 SPEECH_MISS. . . .  BYTE PURLIC 173
@ 12 SOUAD. v v v v v LITERALLY 15
= 12 8 ¢ o v v v v LITERALLY 18 27
N 2 AOOCH 1 STARTING_TRACK . .  EYTE AT ABSOLUTE 113
7 41 DOO2H 1 STATCON . . ...  BYTE AT ABSOLUTE s
..:,:
2

104

.
Y

S T O T N R A Y
NS LN .;A.;.L‘.':.':.'_'-1il‘-‘—hl\L'—"L':\" et



% Te

'.:.:-:E:

I

..':'_~;3 12 TANK « v v v 0 0 s

-:\._ 2 TARGET v « v v o

t-."‘.: 2 THOUSAND . + » .+
':. lz TME. [T S T A )

.'. TIME « o v v v 4 s
' 1 O0DEH TON_SPEECH_NODULE
IS 12 TRACKING + + + +
NS 5 0000H § WP ov v v

:.-_' 12 USE, v o v v 0 4 s

12 VERY_LONG_PAUSE. .

e 12 VERY_SHORT_PAUSE .
) 3 A038BH 22 V_MIS_ASCII. . ..
12 NEST.......
-. 4 MOH 1 “IRE_BROKE e

_-:\‘ 4 010AH 23 XNIT . v v v v 4
' 3 AMEH 22 KMISASCIL. . .

2 MODULE INFORWATION:

o CODE AREA SIZE = 0701 17930

AN CONSTANT AREA SIZE = 0000H 0D
i VARIABLE AREA SIZE = 0008H 4D
ON MAXINUM STACK SIZE = 0028H 40D

s 361 LINES READ

“o s 0 PROGRAM ERRDR(S)

00 END OF PL/M-86 CONPILATION

LN

Lo

2

o

o

n':i?

Yo

s

L oo

K

N

a"‘

PACAS
‘ﬂ ls I%J‘.J

., .l.,
Seln S

[

4«
b)Y

LITERALLY 13

LITERALLY M
LITERALLY 18 N
LITERALLY 18

BUILTIN 130 132 170
PROCEDURE STACK=0000H
LITERALLY 20

REAL EXTERNAL(S) 176
LITERALLY 13 1
LITERALLY 15 22 3
LITERALLY 13 14 18
BYTE ARRAY(22) AT ABSOLUTE
LITERALLY 17

BYTE EXTERNAL(2) 192
PROCEDURE STACK=000EH

121 125 127 128 129 13t
163 144 1469 172 175 179
BYTE ARRAY(2Z) AT ABSOLUTE
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178

19

63
135
184

178

70
139
189
195

........

94
142
194 194

99 104 106 107 120
143 144 150 156 157

.............
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N 1SIS-II PL/N-B4 V2.1 COMPILATION OF MODULE TOM_UTILITY i
P 0BJECT MODULE PLACED IN :F2:TOMUT.OBJ :
D COMPILER INVOKED BY: PLNB& :F2:TONUT.006 DEBUG ROM NEDIUM XREF IXREF WORKFILES(iF2:,iF2%) DATE(1/13/83) &

(- 1 TOW_UTILITY: 00 r4

» /% TOWUT.006 HAS NEW SOUND PROCEDUREs CORRECTED MISS_COMMENT PROCEDURE: -
~ AND DELETION OF ALL REFERENCES TO TIMER. Y %

3 2 1 DECLARE PPI_CONTROL LITERALLY ‘OCEH'; -

b=

/ HX2AS CONVERTS AN INTEGER TO ASCII CHARACTERS WITH THE 5

LEAST SIGNIFICANT DIGIT IN THE TENTHS POSITION 3/ :

3 1 HX2AS: PROCEDURE (HEX»ASCII_ADR) PUBLIC: 4
+ 2 DECLARE ASCII_ADR POINTER» HEX INTEGER: -
ASCII BASED ASCII_ADR (4) BYTE: N INTEGER » RENAINDER INTEGER: -

o 5 2 HEX = IABS(HEX): K
. 6 2 DON=4T00BY-1; .
~ 7 3 RENAINDER = HEX MOD 10 + 30H; =
8 3 ASCII(N) = LOW(UNSIGN(REMAINDER) )} a
g 9 3 HEX = HEX/10; .

10 3 END: 7
i 1 2 ASCII(S) = ASCII(4); oy
o 12 2 ASCII(4) = *.' R
2 7
bod 13 2 N=0;
. *

. 14 2 00 WHILE (ASCII(N) = 30H) AND (N < 3)} /x REPLACE LEADING ZEROES WITH BLANKS %/ 2
5 15 3 ASCII(N) = 20H; -
-3 16 3 N=N+tj "¢
A 17 3 END; >
e 18 2 END HX2AS; i
o /% CONVERTS A REAL NUMBER TO ASCII CHARACTERS WITH APROPRIATE DIRECTION 2/ -
19 1 MISS_COMNENT: PROCEDURE (REAL$ADRy DECSADRs DIRECTION) PUELIC: >
2 20 'z DECLARE(KEALSADRs DECSADR) POINTER, TEMNP1 BASED REALSADR REAL: =
2 a 2 DECLARE PHRASE BASED DEC$ADR (22) BYTE, (N»DIRECTION) BYTE: o
2 22 2 DECLARE TENPZ INTEGER: E
e l b
. 23 2 TEWPZ = FIX(10,0 & TEWPL)} /% GET HEX MISS DISTANCE IN DECIMETERS &/ .

e u 2 IF TENFZ O 0 /% D0 MOTHING IF TENP2 = 0.0 ¥/ N
o THEN DO} .
o % 3 CALL HXZAS(TENP2+DECSADR) ; -
7 3 PHRASE(7) = ' ' .

NG 2 3 PHRASE(B) = 'N'; F4
29 3 PHRASE(9) = 'E'; '

o 0 3 PHRASE(10) = 'T'; o
a3 PHRASE(11) = 'E'; X
Aot 2 3 PHRASE(12) = 'R'; =
8 3 PHRASE(13) = '('} X
@ M 3 PHRASE(14) = '§';

, 3 3 PHRASE(1S) = ')'

L ¥ 3 PHRASE(16) = ' '

A
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76
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D0 CASE DIRECTION:

Do;
PHRASE(17) = 'R'j
PHRASE(18) = 'I'}
PHRASE(19) = 'G*i
PHRASE(20) = 'H'}
PHRASE(21) = 'T')
END:

DO}
PHRASE(17) = 'L'}
PHRASE(18) = 'E'}
PHRASE(19) = 'F'}
PHRASE(20) = 'T'}
END;

DO;
PHRASE(17) = 'H';
PHRASE(18) = 'T";
PHRASE(19} = 'G'}
PHRASE(20} = 'H'}
END}

:

Do;
PHRASE(17) = '§'}
PHRASE(18) = 'H'}
PHRASE(19) = '0'$
PHRASE(20) = 'R}
PHRASE(21) = 'T'}
END;

END}

END}

END MISS_COMMENT;

SOUND: PROCEDURE (WHAT_KIND) PURLICS
DECLARE WHAT_KIND EYTE:
DECLARE PORT_A LITERALLY 'OCBH'}

/% PORT_A BIT2 IS INT. AN ACTIVE HICH STROBE FOR DATA ON PORT_A BITS
0 & 1, THE SOUND SIGNALS ARE ENCODED ON PORT_A BITS 0 & 1. THIS DATA
IS VALID ONLY WHILE BIT 2 IS HIGH. NOTE THAT PORT_A OUTPUTS ARE
INVERTED BEFORE THEY REACH THE CONMECTOR. BIT 2 IS HIGH FOR 100
MICROSECONDS. THE SOUND SIGNALS ARE ENCODED AS FOLLONS!

HHAT_KIND = 0 s> TRIGGER PULL SIGNAL (A1 = Qs AQ = 0)

WHAT_KIND = 1 =) IWPACT HIT SICNAL (A1 = 0s A0 = 1)

WHAT_KIND = 2 => INPACT MISS SICNAL (At =1, AD = Q)
g/

OUTPUT(PORT_A) = 04H OR (WHAT_KIND AND 03i)}
CALL TIME(1)}

OUTPUT(PORT_A) = OOH:

END SOUND;

PPI_SET: PROCEDURE PUELIC:

DECLARE PPI_MODE LITERALLY '82H'; /% PORTS A & C OUTPUT, B INPUT, &/

/% REF PAGES 2-10 & 3-13 &/
OUTPUT(PPT_CONTROL) = PPI_MODE;  /x ALL PPI OUTPUTS GO LOW &/
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4
S CROSS-REFERENCE LISTING d
o DEFN ADDR SIZE NAME, ATTRIBUTES: AND REFERENCES g
(+ 4 0000 & ASCII, o+« « o+«  BYTE BASED(ASCII_ADK) ARRAY(4) g 11 12 14 15 ?
3 0006 4 ASCIIADR., . . . .  POINTER PARAMETER AUTOMATIC ¢ 8 11 12 14 15
e 19 0008H 4 DECADR + . o . « .  POINTER PARANETER AUTOMATIC 20 20 2 27 ® 2% 30
N 31 032 33 3 35 W I A A 42 43 4 47 48
X 49 52 53 S4 55 59 60 61 62 63
A 19 0006H 1 OIRECTION. . . . .  BYTE PARAMETER AUTOMATIC FA U 7/
) FIXe o o « o « o« +  BUILTIN 23
3 000AH 2 HEXe « v 4 o o « 4 INTEGER PARAMETER AUTOMATIC 4 5 7 9
= 3 0004H 157 HX2AS. « « + « 4 .  PROCEDURE PUBLIC STACK=000AH 26
::.: IABS L T S T S ) BUILTIN 5
..::- LOR: « v o v v o s BUILTIN 8
o 19 00AIH 312 MISS_COMMENT . , .  PROCEDURE PUBLIC STACK=001AH
4 0000H 2 Now oo v oo+  INTEGER 6 B 13 14 15 14
o 20 0006H L Neww v  BYTE
‘- OUTRUT « « 4« + +  BUILTIN nonon
I 21 0000 22 PHRASE + » . . » .  RYTE BASED(DECADK) ARRAY(22) 27 28 % 30 3 32 N
e 3035 3% X A0 A1 82 A3 4% Y 8 M 5 53
e 54 S5 59 60 61 42 43
: 70 PORT_A + ¢ « « + »  LITERALLY 17
S z FPI_CONTROL. . . .  LITERALLY 77
o 76 PPIMODE . . . . .  LITERALLY 77
oo 75 OIFDH 9 PPISET. . . . ..  PROCEDURE PURLIC STACK=0002H
o 19 000CH 4 REALADR. . . . . .  POINTER PARAMETER AUTOMATIC 20 23
o 4 0002H 2 REMAINDER., . . . »  INTEGER 7 8
R 68 O1IDFH 36 SOUND. + . . . ., .  PROCEDURE PUBLIC STACK=0004H
S 20 0000H 4 TEMPL. + + . . ..  REAL BASED(REALADR) 23
o 22 0004 2 TEWPZ. + 4o o o+«  INTEGER 23 M 2%
)'-: TIHE R BUILTIN 72
R 1 0004H TON_UTILITY, . . »  PROCEDURE STACK=0000H
" UNSIGN + » » + + o BUILTIN 8
68 0008H 1 WMAT_KIND. . . . .  BYTE PARAMETER AUTOMATIC 8 7N
A HOOULE INFORMATION:
‘-"
- CODE AREA SIZE = 02064 5180
A CONSTANT AREA SIZE = 0OOOH 0D
g VARTARLF AREA SIZE = 0007H 70
. MAXIMUM STACK SIZE = 001AH 26D
2 111 LINES READ
i 0 PROGRAM ERROR(S)
"..
. END OF FL/N-86 COMPILATION
o
o
o
o
.‘,:;.
A 109
.;5
0.
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ISIS-IT MCS-84 WACRD ASSEMBLER V2.1 ASSEMBLY OF MODULE RDRSE
OBJECT MODULE PLACED IN F2:TONXF.O0BJ
ASSEMBLER INVOKED BY: ASMB6 !F2:TOWXF.SRC DEBUG XREF DATE(1/17/83)

Loc 08y LIk SOURCE
1 $THIS PROGRAN, STARTED SEPT 5, 1979, READS DATA FROW THE RETICON KSB4020
2 i INTERFACE BOARD INTO THE B4/12 MENORY: REFERENCES ARE:
3 1, RSB46020 OPERATING INSTRUCTIONS, MARCH 9 1979, EGAG RETICON
T SUNNYVALE, CALIFORNIA.
5 2, NCS-B4 ASSEMBLE LANGUAGE REFERENCE MANUAL,» $98006404
6 INTEL CORPy SANTA CLARA: CALIFORNIA
7
8 FIT IS BEING CLEANED UP A BIT FEE 20, 1981
9
10 SEQUATES AT TOP OF PROCRAM PER P, B-1, REF 2
11
12 NAE  RDRSE
13 DGROUP GROUP  SBC_REGS RSB_REGS
14 CGROUP GROUP  CODE
15
0001 16  INMSK Eu 01 JSET UP FOR CAMERA 1 ONLY. SEE P. 19+ REF 1
0064 17 LINMS EQU 100
0010 18 EMDFR EQU  10H  $NASK FOR THE 2-TO-THE-4TH BITs P, 45: REF 1
19
20 ASSUNE SSIDGROUPs CS:CCROUP, DS:DGROUP, ES:DGROUP
2
- 22 SBC_REGS SEGNENT COMMON iNOTE THAT *COMMON® FILES MUST BE
23 sCOMMON IN ALL NODULES» I.E. CAN'T BE
0000 (800 24 SBCREC DB 800 DUP ()  ;"AT* IN ONE AND °CONNON' IN ANOTHER.
»
)
25 STHEY DO NOT: HOWEVER: HAVE TO BE POINTED
2 iT0 BY THE SAME SEGMENT RECISTER IN BOTH
27 iMODULES, NOR DO THEY HAVE TO
28 i0F THE SAME LENGTH.
0320 (4 29 PARTLY.OFF DB 4 DUP (?) ; INITIALEZE = 0
2
)
0326 (6 30 LOCATIONS DB 4 DUP (?) 3 INITIALIZE = 1
»
)
— 31 SBC_RECS EMDS
32
-— 33 RSB_RECS SEGHENT AT OEOOH SBASE ADDRESS OF RETICON BOARD IS OEOCOM
0000 (512 3 RSBOTA DB 2004 DUP (?)
”
)
0200 (1 35 STATL DB 1 00P (?) $THIS FORM IS NECESSARY TO AVOID LOACING ERROFS
”
)
0201 (11 3%  STATZ 0B OBH DUP (%)
»
)
020C (2 37 RESET DB 2 DUP(?)

?
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LOC OBy LIN  SOURCE

9'-3 )

- 020€ (1 38 CWGIS DB 1 DUP (%)

BN ?

N )
P 020F (1 39 PROCON DR 1 DUP (M)
k. < »”
( )

- N %  RSE_REGS ENDS

4° .

AN 41

s 42 STACK  SEGMENT STACK 'STACK'
o 0000 (10 LK DM 10 DUF ()

O 2797

) )

-l 0014 M STKTOP LABEL WORD

e S 5 STAX EWDS
o 4%

o3 ¥

e - 49 CODE  SECMENT PUBLIC ‘CODE'
A 49 !
RO 50 PUBLIC INITY .
e 0000 51 INITL PROC  NEAR FINITIALIZATION OF RSE 6020 INTERFACE BOARD ‘
- 0000 A2002 R S2  RTINIT: MV RESET»AL JRESET IS A °*DUMMY* REGISTER. ALL IT NEEDS

D 0003 C6060E0201 R 53 NOV  CNFGIS,INMSK IS THE MMTC/® PULSE FRON P1 420

-l 0008 AZ0F02 R 54 KOV PROCOMsAL iPROCOM IS ALSO A "DUMMY* REGCISTER.

w 0008 C3 85 RET

s S6  INIT1 ENDP

s 57

o 58 PUBLIC RD_RAST

20 000C 59 RD_RAST PROC  MEAR

i 000C A20F02 K 60  LAST: MOV PROCOM»AL SWILL WAIT FOR LAST RASTER LINE
\ 000F 400002 R 61 WTLPO! MOV ALsSTATI iFROM HERE TO CHECK IS ST'D NUCHCY

o 0012 DOEO 2 SHL ALt

o 0014 7303 63 JNE WTLFI

. 0016 A20F02 R 64 PSPRO! MOV PROCOMrAL y
e 0019 A0000Z R 65 WILF3! KOV AL/STATY

; 001C DOEC 44 SHL  ALet

. 001E 720¢ 67 Je CHECK

o 0020 DOEO 48 SHL ALl X
e 0022 72FS 69 8 WTLP3 N
B 0024 EBFO 70 J¥P  PSPRO P
- 0026 A00300 k 71 CHECK: MOV AL+RSEDTAL3) 3
- 0029 2410 7 AN AL/ENDFR j
= 0028 740F 7 &z LAST 3
s 74 Y
v 75 iHAVING FOUND THE LAST LINE OF THE FRANE, NE WILL TRANSFER THE RETICON X
N 76 iDATA» LINE-BY-LINE THE THE INTEL 86/12 BOARD, EACH LINE TRANSFERRED STARTS '
o 77 iNITH A *NEN COMMAND CYCLE® AS PER PAGE 40 OF REFERENCE 1.

e 78
g: 0020 B364 79 WOV BLsLINES INILL DECRENENT FROM 100 TO ZERD

g 002F BF000O R 80 MOV DI,OFFSET DEROUP:SBCREG

oS 81 ¢
D 0032 A20F02 R 82 NUCNCY: MOV PROCOM.AL FAGAIN» PROCOM IS A DUMNY by
o 0035 400002 R 83 WILP1: MOV AL,STATY :
s 0038 DOEO 84 SHL  ALsl

N 0034 7303 85 JNB WTLP

e

Ny
N 111

o: '
o
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o
L0C OF LI SOURCE o
}
003C A20F02 R 86  PSPR: MOV PROCOM.AL 2
003F A00002 R 87  WTLP! MOV AL,STAT! —
0042 DOEO 88 SHL ALt 2
0044 7206 89 £ One o
0046 DOEO 90 SHL ALyl N
0048 72F5 91 JB NTLP 3
0044 EBFO 92 ¥ PSPR J
92 2
949 NON TRANSFER A SINGLE LINE OF RETICON RSB 6020 DATA TO THE INTEL 84 BOARD. i
95 -
004C 400000 R 9%  OTLP: MOV AL,RSBOTA i TRANSITIONS IN THE LINE :;1
004F 32E4 97 XOR  AHsAH oy
0051 40 98 I AX SNUMBER OF WORDS TO XFER ]
0052 DIEO 9 SHL AX1 $X2 NUMBER OF BYTES TO XFER d
0054 88C8 100 MOV CXsAX
0056 BE0OOO R 101 MOV SI,OFFSET DGROUP:RSBOTA
0059 F3 102 REP  MOVS  BYTE PTR SBCREG [DI3, BYTE PTR RSBOTA [SI
0054 A4
0058 FECE 103 DEC  BL
005D 7503 104 NI NUCNCY
105
005F €3 106 RET
107
108 RD_RAST ENDP
109
110 CODE  ENOS
11
112 END




{
-l XREF SYMROL TABLE LISTING
Nt T T T
i
P
by NAME TYPE  VALUE ATTRIBUTES, XREFS
N 796EG .+ o , SEGMENT SIZE=0000H PARA PUBLIC
e CCROUF. . . GROUP CODE  14# 20 |
T CHECK . » o L NEAR  0026H CODE &7 714 ‘
we CNFGIS. . o V BYTE  020EH RSB_REGS 384 53
L CODE, . . . SEGMENT SIZE=0060H PARA PUBLIC 'CODE* 144 48 110
'J‘ OGROUF. . . GROUF SBC_REGS RSB_REGS  13# 20 20 20 80 101
- ENDFR . . . NUNBER 0010H  18% 72 !
S INITI . . . L NEAR O000H CODE PUBLIC SO S1¥ 56 }
;;:ij INMSK . . . NUMBER  0001H 1% 53 i
o LAST, . . . L NEAR OOOCH CODE 60% 73 :
- LINES o . . NUNBER 0044H  17# 79
- LOCATIONS . V BYTE  0326H SBC_REGS 304
N NUCHCY, . . L NEAR 0032 CODE B82# 104
N OTLF. o+ . L NEAR  00ACH CODE B89 94¢
% FARTLY_GFF, V BYTE 0320 SBC_REGS 29%
e PROCOM. . . V BYTE  020FH RSE_REGS 39% 54 60 64 82 B6
i PSPE. o » o L NEAR 003CH CODE 84% 92
e PSPRG . . o L NEAR 001&H CODE 444 70
B RO_RAST . . L NEAR  O000CH CODE PUBLIC 58 594 108 ]
~s RESET + . « V EYTE  020CH RSE_REGS 37# 52 )
o RSE_REGS. . SEGMENT SIZE=0210H PARA ABS 134 33 40 !
SN RSEDTA. . . V BYTE  0000H RSE_REGS 34% 71 96 101 102 ]
{ RTINIT. . . L NEAR Q000 CODE S2# .
— SBC_REGS. . SEGHENT SIZE=032CH PARA COMWON 13§ 22 31 |
e SBCREG. . . V BYTE  0000H SBC_REGS 244 80 102 1
oy STACK . . . SEGMENT SIZE=0014H PARA STACK 'STACK' ]
- STAT! . . . V BYTE 0200H RSB_REGS 354 61 45 83 87
o STATZ . + « VEBYTE 0201H RSB_REGS 34% -
- STKTOF, . . V WORD  0014H STACK 44% y
- WTLP. « . . L NEAR 003FH CODE B85 67¢ 9 {
o~ WILFO . . . L NEAR  Q00FH CODE &1#
s WTLPL . . . L NEAR 0035H CODE 83%
- NTLF3 o . . L NEAR  0019H CODE 43 65¢ &9 :
St ASSENELY CONFLETE» NO ERROKS FOUND {
o 2
e {
0. )
N
0.
-~ - 3
i 113 ‘\
e 3
]
4
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ISIS-II MCS-B6 MACRO ASSEMBLER V2.1 ASSEMBLY OF MODULE IR_CENTER
OBJECT NODULE FLACED IN (F2ITOWIR.OEJ
ASSEMBLER INVOKED BY: ASMB4 (F2:TOMIR.003 DEBUG XREF DATE (01/14/83)

LOC 08J LINE SOURCE
NAME  IR_CENTER
EXTRN  START_UP: FAR

+THIS IS A DRIVER PROGRAM FOR THE GUNNER AIMING ERROF MATRIX CAMERA. RETICOW
RSB 6020 USING THE 86/12A BOARD., COMMENTE ARE UFDATED 9/23/81,

DGROUP GROUP  STACK» SBC_REGS. XFER_SEG
CGROUF  GROUF  CODE

—
S DO NS WA e

—
—

ASSUME  5S:DGROUP, CS:CEROUPs DS:DGROUFy ES:DGROUF

—
~

000C (44
2797
)
0080 TOP_STK LABEL  WORD
=== STACK  ENDS

—
(%]

STACK  SEGMENT STACK  'STACK'
DN 64 DUP(?)

—
o

+THIS PROGRAN WILL RESIDE ON THE SBC °*DFS'. IT WILL WRITE Y, Z(CENTER)
DATA TO THE SBC "PIP® VIA THE WULTIBUS. THE *PIP® HAS BEEN °®JUMPEREL'
50 AS TO ALLOW THE MULTIBUS TO ACCESS BK OF ITS RAM STARTING AT LOCATION
+A000H, THE °*DFS' JUMPERS ALLOW MULITBUS ACCESS TO 8K OF RAM STARTING

AT B000H, THE ON-BOARD LOCATION OF THESE AVAILABLE 8K-S START AT 4000H
+ON BOTH BOARDS. THE BOARDS (REF FIG 2-1 86/12) ARE JUMFERED AS FOLLONWS:

SBC DFS JUMPERS MULTIBUS ACCESS i SBC PIP JUNPERS MULTIRUS ACCESS

127-128 == X = 0 127-128 == X = 0
S1 6-11 CLOSED 51 6 DSED
51 5-12 ¢ = 8K 513 '
51 1-16 ° 51 1-
§1 2-15 OPEN 5t 2-
51 3-14 CLOSED 51 3-14 CLOSED
51 4-13 *  ==> BOOOH 31 4-13 OPEN ==: AQOQH

XFER_SEG SEGMENT AT OAQOH 0N SEC "FIP* AS NOTED AEOVE
iWILL PASS DATA FOR YCNTR.ICNTE.

START_BIT DR 1 DUF(?)

PUBLIC E_YsB_Z+DATA_RDY!
/3 1 DUR(?)

DE 1 DUF(?)




N T T T T T T T oo
L6C 0BJ  LIN  SOURCE =
0003 (1 43 DATA_ROYL 08 1 DUP(?)
»”
)
0004 (1 44 BAD_MISS DB 1 DUP(?)
”
)
0005 (1 45  OFFSET.Y b8 1 DUP(?)
»
)
0006 (1 %  OFFSET_Z DB 1 DUP(?)
»
)
- &7 XFER_SEC ENDS
: 8
- 49  SBC_RECS SEGMENT COMMON
0000 (800 50  SBRCREG DB 800 DUP(?)
7
)
0320 (1 S1  MISS DB 1 0UP(?) iTHE FOLLONING & BYTES ARE NAMED *PARTLY_OFF*
IN KTB6XF
7
)
52
0321 (1 53 RIGHT OF 1 DUP(?)
”
)
0322 (1 54 LEFT DB 1 DUP(?)
'z
)
0323 (1 S5 UP 08 1 DUP(?)
»
)
0324 (1 S6  DONN DB 1 DUP(?)
”
)
0325 (1 57 08 1 DUP(?) iDUMNY BYTE TO NAKE 3 HORDS OF *PARTLY_OFF® IN RTB6XF
7
)
0326 (1 S8 YCNTR DB 1 DUP(?) iTHE FOLLONING & BYTES ARE IN "LOCATIONS® IN RTB&XF
”
)
¢ 0327 (1 59 IZCNTR DB 1 DUP(?)
N 7
&; 0328 (1 60  YNAX DB 1 DUP(?)
'r_a 7
4 )
E 0325 11 61 YNIN DB 1 DUP(?) ‘
. ”
2 ’
- 0326 (1 62 IMX OB 1 0UP(7)
. ”
v )
T 0328 (1 63 ININ DR 1 DUP(?)
- 7
'.'.-‘
R
- 115
b
4
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s LOC OB LINE  SOURCE
W N
b )
N 6
o 032¢ (1 65  GAEY DN 1 DUP(D)
E][!I ”m
; )
- 032 (1 6  GAEZ DN 1 DUF(?) ;
55 7”7 ]
o ) 4
N 0330 (1 67 SAVGAEY DR 1 DUP(?) ]
79? |
) 1
0332 (1 48 SAVGAEZ DM 1 DUP(?)
777 )
) 1
89 ]
70 PUBLIC GAEYsGAEZ
4!
- 72 SBC_REGS ENDS
73
74
75 EXTRN  RD_RAST: NEAF
0064 76 SII  EQU &M
o 77 CODE  SEGMENT PUBLIC 'CODE'
78
79 PUBLIC SETRET
0000 80  SETRET PROC  FAR
81 EXTRN  INITL: NEAR
0000 55 82 PUSH  BP
0001 1€ 83 PUSH DS
0002 E8---- R 84 WOV AX/DGROUP
0005 BEDB 85 MOV DSAX
0007 BECO 86 OV ESyAX
0009 E80000 E 87 CALL  INITY
000C A00000 R B8 WAITO! MOV  AL,START_BIT iTHIS WAIT LDOP HOLDS UP MATRIX CAMERA DATA UNTILL
89 i THE RETRO-GRAPHICS BOARD IS SET UF AND THE
90 # NATROX BOARD IS READY AND WAITING.
000F 3C01 91 CHP ALyt
0011 75F9 92 JNE  WAITO
0013 IF 93 POP DS
0014 5 9 POP  BP
S 0015 CB 95 RET
: 96 SETRET ENDP
- 97
y 98 PUBLIC YICNTR
X 0016 99 YINTR PROC  FAR
9. 0016 55 100 PUSH 8P
e 0017 1E 101 PUSH DS
v 0018 E8---- R0z MOV AXsDGROUP
“t 001P BEDB 103 MOV DSyAX
i 001D BECO 104 WOV ESeAX
s 001F E80000 E 105 CALL  RD_RAST
o 106
Y 107 iWE NOW LOOK FOR THOSE TRANSITIONS WHICH CAN BE ASSOCIATED WITH A SINGLE
A 108 BRIGHT SPOT ON THE RETICON CAMERA 100X100 FIELD OF VIEW. THE SPOT SOURCE
Yy 109 IS LOCATED AT A FIXED FOSITION RELATIVE TO THE CENTER OF THE TARGET.
'.- "..
e

._; 116




0022 B90145
0025 BBFEFF
0028 E402

0024 C406290364
002F C4062B0344
0034 C606280301
0039 C6062A0301

D x> XD

003 3AE9
0040 7503

0042 E98500
0045 020C
0047 800700

0044 8AB70000 R

004E 8AEC
0050 FEC4
0052 DOEA4

0054 84870200 R
0056 3Cé4

0054 7405

005C £80A00

005F EBDD

0041 34CD

LINE

110
111
112
13
114
115
116
117
118
11¢
120
121
122
123
124
125
124
127
128
129
130
131
132
133
1N
135
138
1y
138
139
140
1)1
142
83
14
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

SOURCE

THE RETICON CAMERA IS MOUNTED ON THE CENTER LINE OF THE SIMULATED WEAPON

S0 THAT THE OFFSET OF THE SFOT FROM THE CENTER OF THE 100X100 FIELD OF VIEW,
+WHEN CORRECTED BY AUTOBORESIGHT,» WILL MEASURE THE LEAD AND ELEVATION

+0F THE WEAPON AT TRIGGER-PULL TIME. A SAMPLE RETICON DATA LINE CONTAINING A
+SINGLE BRIGHT SPOT IS:

4
.
]
a
1

+THIS INDICATES THREE TRANSITIONS IN THE LINE EUT OMLY THE FIRST THO ARE
+SIGNIFICANT. AT 1CH THERE IS A DARK-TO-LIGHT TRANSITION: AS INDICATED BY THE
+HIGHEST ORDER BIT (HOB) = O IN DATA RYTE #3 (40)., THE FOLLOMING TRANSITION
+I5 AT IEH AND IS A4 LIGHT-TD-DARK, AS INDICATED BY HOB=1 IN THE FOLLOWING
}BYTE #5 (E0), EVERY LINE HAS A FORCED TRANSITION AT THE END-OF-LINE.
+LOCATION é4H=100D. THE PROGRAM STAKTS FROM LINE #0 LOOKING FOR 03 AS THE
$INITIAL DATA BYTE, IF 03 IS NOT FOUNDs THE NEXT LINE IS EXAMINED. THIS IS
+CONTINUED UNTIL 100 LINES HAVE BEEN EXANINED FOR THE PROFER NUMBER OF

1 TRANSITIONS,

}RESISTER USAGE IN °CENTER®

“-e wr we Or we

CENTER:

DUNP?

OVER:?

SKIF:

03 03 1C 60 1E EOC 64 60

WAIII 4 ENEEACSINLNA. N T

(AL) = NUMBER OF TRANSITIONS IN DATA LINE
(AH) = BYTES TO ADD TO DATA LINE POINTER ]
(BX) = DATA LINE POINTER., POINTS TO START OF DATA LINE IN *SECREG® 5
(CL) = LINE NUMBER

(CH) = 44H = 100 ==> THE LAST DATA LINE

KoV £Xy4501H
LY BXy-2
MOV AHs2
(1Y YNIN,SIZ
MoV IHINySIZ

+(CH)=45Hs1 + LAST LINE, (CL)=1}--: FIRST LINE
yINITIAL VALUE OF DATA LINE POINTER

+INITIAL DATA LINE POINTER INCREMENT

iSET INITIAL VALUE AT 44H

;DITTO FOR ZMIN

Hov YMAX 1 1

MoV IKAX 1

CHp CHyCL +HAVE WE FINISHED WITH LAST LINE?

JNE OVER {NEED "OVER® BECAUSE CONDITIONAL JUMFS NUST EE
+LESS THAN +#127 BYTES ANAY

JHF DONE

ADD BLsAH UPDATE DATA LINE POINTER. NOM BECAUSE WE CANNOT

ADC BH+0 +ADD A SINGLE BYTE TO BX, WE DD IT IN THO STERS

+USING THE CARRY FLAGs °*CY. N.B. (EX)=0 ON
+THE FIRST PASS THROUGH °DUNF.®

HOV AL,SECREGIBXI  FIRST DATA BYTE ==> TRANSITIONS IN DATA LINE

KoV AHrAL WILL FORM DATA LINE POINTER INCREMENT IN AH
INC AH

SHL Ay + (AH)=Z2(AL+1)}» THE DATA LINE POINTER INCREMENT
MOV ALsSECREE[BX+2]

CHe AL,SIZ

JE SKIP +IF NO SPOT» THEN GO TO NEXT DATA LINE

(ALl  GOODLN $WILL UPDATE SPOT INFORMATION

JHP DUNF GO TO NEXT DATA LINE

Cnp CL+CH +THE LAST LINE?

117
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LoCc 08J LINE  SOURCE

. 0063 7465 165 JI  DONE FYES! SO ME JUMP TO THE FINAL CLEAN-UP

e 0045 FEC3 166 I G iND! SO WE RETURN TO ‘DUMP* AND

;ﬂ 0047 EBDS 187 JP DU SEXANINE THE NEXT LINE
168

0069 149  GOODLN PROC  NEAR

e 0069 80BF000002 R 170 CHP  SBCREGLEX)»2  SONLY TWO TRANSITIONS?

- 004E 7419 171 JE THOX ;IF SO+ SPOT IS ON RIGHT EDGE

o 0070 3A062903 R 172 CHF  ALYYNIN iIF NOT» GET NORMAL CENTER. RECALL THAT

- - 173 ;AL CONTAINS SBCREGLEX+2]

) 0074 7703 174 JA N1 iJUNF IF (AL) IS ABOVE YMIN» IE. CY FLAG = 0
175

. 176 }RECALL THAT A CMF OPERATION SUBTRACTS THE SOUKCE OR 2ND OPERAND FROM THE
177 iDESTINATION OR 1ST OPERAND. IT DOES THIS EY ADDING THE TWOS COMPLEMENT OF THE

:" 178 SOURCE OPERAND TO THE DESTINATION OPERAND AND A CARRY-OUT FROM THE HIGH ORDER
> 179 iBIT CAUSES THE CY FLAG TO SET TO O+ BECAUSE OF THE SUBTRACTION OPERATION.
i 180 iAT LEAST THIS IS WHAT THE 8080 DOES, AND THIS FLAG IS THE SAME. IN THE 8086

181 iTHEY SAY THAT AFTER A SUBTRACT OFERATION °CY® IS SET UPON A CARRY INTOC!)

‘!
il

5 182 STHE HOE OF THE RESULT!
N 183
N 0076 A22903 K 184 WOV YNINsAL iIF NO JUNF THEN UPDATE VALUE OF YNIN
s 0079 8AB70400 k 185  N1! MOV ALsSBCREGLEX+4) ;RIGHT EDGE OF SPOT
o 0070 34062803 R 186 CHF ALsYMAX
N 0081 7230 187 EoM JUMP TF (AL) IS BELOW YWAX OR CY = 1
AN 0083 22803 R 186 MOV YMAXAL PIF NO JUNF THEN UPDATE YHAY
S 0086 EE2R90 189 MM FJUNF ARDUND *THOX'
=3 0089 8AB70200 3 190 TWOX! MOV AL»SRCREGIBX+2]
Y 008D 80EFO30080 R 191 CW  SBCREGLEX+31+BOK
( 0092 7211 192 9B REDGE SHOE CLEAR == DARY TO LIGHT TRANSITION. R EDGE
N 0094 C406290301 K 193 KOV YNIN 1 iHOR SET == LICHT TO DARK TRANSITIONs L EDGE
N 0099 34062803 R 194 CWP ALy YNAX
A 009D 7214 195 B N4
e 00%F A22803 R 196 KOV YHAXs AL
00A2 EBOF90 197 MM
) 00AS C606280344 R 198 REDGE: MOV YMAX»44H JMILL BE ON RIGHT EDGE
et 0044 3A042903 R 199 CP AL+ YNIN
W 00AE 7703 200 JA N
e 0080 A22903 R 201 NV YHINsAL
Y 0083 3A0E2403 R 202 N4 CNP CLoZMAX JAT THIS POINT 2 IS NEASURED DOMNMARD
> 0087 7204 203 98 N3 FAND HE MUST COMPLEMENT Z AT END
O 0089 880E2A03 R 204 MV ZMAXSCL SUPDATE ZHAX
ST 00BD 3A0E2603 R 205 N3 CMP CLIZNIN
b 00C1 7704 206 JA N9
e 00C3 BBOEZR03 R 207 NV ZHINSCL iUPDATE ZNIN
A 00C7 FEC! 208 N9C INC CL
- 00c9 €3 29 RET
o 210 GOODLN ENDF
Sl 33|
Sl 00CA C606200300 R 212 DONE! MOV NISS»0
O 00CF BOJE2B0364 R 213 CHP ZNIN+64H
T 0004 7500 214 NE NS
0006 606200301 R xS MOV KIS FZMIN = 64H ==> N SPOT, SO SHOT MAS A NISS!
®. 0008 C606040001 R 216 MOV BAD_MISS:! iNE ARE "REALLY FINISHED®
o 00E0 E98300 27 J¥  READ
s 00E3 BO3E2B0301 R 218 NS: NP ZHINet
5 00€8 7505 29 MNE N6
.2
-
A
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LOC 08J

00EA C406230301
00EF B03E2A0344
00F4 7505

00F6 C406240301
00FB 803E270301
0100 7505

0102 Ca06220301
0107 803€280344
010C 73505

010E C4606210301

0113 BO4S
0115 2A062A03
0119 B465
011K 24262803
011F A22B03
0122 BB262A03
0126 A02803
0129 02042903
012D BAIECS00
0131 0203
0133 A22603
0136 A20100
0139 E444
013k 2AED
0130 BACH4
013F 98

0140 A32C03
0143 A33003
0146 A02A03
0149 02062E03
014D 8A1E0600
0151 02C3
0153 A22703
0156 A20200
0139 B444
0158 2AED
015D BAC4
015F 98

0160 AJ2E03
0163 A33203
0164 8038200301
016k 7518
016D A13003
0170 A32C03
0173 056400
0176 A20100
0179 A13203
017C A32E03
017fF 056400
0182 420200
0185 BOC!
0187 A20300

0184 1IF

DM /D

N =

m D WV D

E -

o b

-]

223
224
225
226
227
228
229
230
231
Fxrd
23
234
235
23
237
238
239
240
241
242
2493
24
245
246
247
248
249
250
251
252
253
3
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
7
272
273
274

FINIL:

READ:

NEXTH!

JNE

NOV
Sue
MoV
Su
Hov
MOV
MoV
ADD
KOV
ADD
Hov
Hov
MoV
Sug
HOV
CBN
MOV
KOV
MoV
ADD
MoV

KOV

MOV

By
KoV
MoV
cHr
JNE
Hov
KoV
ADD
MGy
Nov
MOV
ADD
Hov
HOv
MoV

POV

4 .
........

et
INAX s 64K
N7
DOWN, 1
YHIN: 1
N8
LEFTs1
YHAX » 44H
FINI
RIGHT.1

AL+ 6SH
AL » ZHAX
ANy 65H
AH» ZNIN
ININ+AL
INAX s AH
AL YHAX
AL » YNIN
BL+OFFSET_Y
ALsBL
YCNTR AL
B_YsAL
AH» 100
AHr AL

AL +AH

GAEY s AX
SAVGAEY sAX
AL ¢ ZHAX
AL+ ZMIN
BL,OFFSET_Z
ALsBL
ZCNTRsAL
B_Zs4AL

AHr 100
AHrAL
AL»AH

GAEZAX
SAVGAEZ s AX
MISS»1
NEXT!
AX»SAVGAEY
GAEY 1 AX
AX»100
B_YsAL
AX»SAVGAEZ
GAEZsAX
AX»100
B_IsAL
ALyl
DATA_RDY1,AL

DS

#SPOT INCLUDED FIRST LIMNE ==> SHOT WAS HIGH!

+SPOT INCLUDED LAST LINE ==> SHOT MAS LOW

+HORIZONTAL BORESIGHT OFFSET

iYCNTR IN HALF-PIXELS FROM LEFT SIOE OF SCREEN

{VERTICAL BORESIGHT OFFSET

+ZCNTR IN HALF-FIXELS FROM BOTTOM OF SCREEN

+THIS TELLS THE SLAVE PROCESSOR THAT NEW
iDATA ARE READY.

------
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Loc 08J LINE  SOURCE

0188 50 27 PP 4
018C C8 6 RET

28 YICNTR ENDP
9

—— 280 CODE  ENDS
281
282 ' END .

- .

v

T
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NAME TYPE VALUE ATTRIBUTES, XREFS

99SEC . . SEGMENY SIZE=0000H PARA PUBLIC

B.Y ... VEYIE O0001H XFER_SEGC PUBLIC 40 41% 242 244
BZ ... VBYTE 0002H XFER_SEC PUBLIC 40 42¢ 254 270
BAD_MISS. V BYTE 00044 XFER_SEC 44% 216

CENTER, . L NEAR 0022H COOE 1354

CGROUF, + GROUFP CODE 94 11

CODE. . . SEGMENT SIZE=0180H PARA FUBLIC 'COOE' 94 77 280
DATA_RDY? V EYTE  0003H XFER_SEG PUBLIC 40 43¢ 272

DGROUF. . GROUP STACK SBC_REGS XFER_SEG 84 11 11 11 84 102

DONE. . . L NEAR O0CAH CODE 146 145 212¢
DOWN. . . V BYTE 03244 SBC_REGS Sé¢ 223

DUWF. . « L NEAR 0O03EM CODE 143% 162 147
FINI, . » L NEAR O113H CODE 228 231%

GAEY., .« V RORD  032CH SBC_REGS PUBLIC 654 70 247 244
GAEZ., « . V WORD 032EH SBC_REGS PUBLIL &6% 70 259 268
GOODLN. . L NEAR  004%H CODE 161 169¢ 210

INITL o .« L NEAR 0Q000H EXTRN B1% 87

LEFT, « « V BYTE 03224 SBL_REGS 54% 226

#ISS. » + V BYTE 0320H SEC_REGS S1# 212 215 261

Ni. + . L NEAR 00794 CODE 174 185¢

M3, . v . L NEAR 00BDH CODE 203 205%

N4, . .« L NEAR O00B3H CODE 187 189 195 197 200 202%
NS, + + . L MEAR OOE3H CODE 214 21B%

Név + o« L NEAR OOEFH CODE 219 221%

N7, « v« L NEAR O0OFBH CODE 222 224%

NB. « .+ L NEAR 0107H CODE 225 227%

N9 « » » L NEAR 00C7H CODE 204 208%

NEXTY + .+ L NEAR 0185H CODE 262 271%

OFFSET_Y. V BYTE 000SH XFER_SEG 45% 239
OFFSET.Z. V BYTE 000&H XFER_SEG 44% 251
OVER, + + L NEAR 004SH CODE 144 147%

RD_RAST . L NEAR 0000H EXTRN 75¢ 105

READ. + + L NEAR O186K CODE 217 261%

REDGE . « L NEAR O00ASK CODE 192 1984

RIGHT . « V BYTE 0321H SBC_REGS 53¢ 229
SAVGAEY . V NORD 0330H SBC_REGS 67% 248 263

SAVGAEZ . V WORD 03324 SBC_REGS 68% 260 267

SBC_REGS., SEGMENT SIZE=0334H PARA COMMON B# 49 72
SBCREG. + V BYTE 0000H SBC_REGS 504 152 158 170 185 190 191
SETRET. . L FAR  0000H CODE PUBLIC 79 80% 96

SIZ » + . NUMBER 0044H 748 138 139 159

SKIP, « « L NEAR Q041N CODE 140 1644

STACK . . SEGMENT SIZE=0080H PARA STACK 'STACK'
START_BIT V BYTE O000H XFER_SEG 394 88

START_UF. L FAR  Q000H EXTRN 3%

TOP_STK » V WORD  O0B0H STACK 154

THOX, . . L NEAR 0089H CODE 171 1904

WP. ... VBYTE 03234 SBC_REGCS S55¢ 220

HAITO . . L NEAR COOCH CODE 88% 92

XFER_SEG. SEGMENT SIZE=0007H PARA ABS 84 34 47
YCNTR + . V BYTE 0326H SBC_REGS 564 241

-
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NANE TYPE VALUE ATTRIBUTESs XREFS

V BYTE 03284 SBC_RECS &0% 140 186 188 194 196 198 227 237
V BYTE 0329 SBC_REGS 418 138 172 164 193 199 201 224 238 "
L FAR 00164 CODE PUBLIC 98 99¢ 278 ~
VBYTE 0327H SBC_RECS 39¢ 233

VBYTE 032AH SBC_RECS 428 141 202 204 221 232 236 249 -
VBYTE 032BH SBC_RECS 43¢ 139 205 207 213 218 234 235 230 ‘-

{ YHAX,
. YNIN, .
N YICNTR,
mx. []
N,

* ® o ® o o

. ASSENBLY COMPLETEs MO ERRORS FOUND -

b‘ .
h" "-_
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g *
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~ AN
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N e
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LG ACA
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ISIS-II IXREF: V1.2

INVOKED BY!

-IXREF (FZITOMMN.IXI» IF2:TOWFLP.IXI» FZ:TONTAR.IXI,» :F2:TOWSPC.IXI, &

'F20TONUT,IXT PRINT(IFZITONIX.REF) &
TITLE('MFS INTER-MODULE CROSS REFERENCE')

INTER-MOOULE CROSS-REFERENCE LISTING

NAME « o+ o+ o o ATTRIBUTES: HODULE NAMES

ACNT o 4 « o v + o INTEGER? TOW_TARGET_MODULE TOWFLIGHTMODULE
ACTIVE_TRACK . . . PROCEDURE? TOW_TARGET_MODULE TOMFLIGHTMODULE
B.Ye v o v v o o o BYTE} X UNRESOLVED xx  TOWFLIGHTMODULE

B.Zo v o v v v o o BYTE} 23 UNRESOLVED xx  TOWFLIGHTMODULE
COACH., + + + + « o PROCEDURE: TON_SPEECH_MODULE TOWFLIGHTMODULE
COUNT. + v + + + o INTEGER TOWFLIGHTMOOULE

CURRENT_TRACK.
DATA_RKDYL. o
DENT o 4 o 4
EPILOG + o+
FINISHED . .
FIRE_AGAIN .
FLIGHT + «
GAEY + v 4
GAEY_F .6
GAEZ + v v
GAEZ_F DR )
GROUNDED .« .+
GUIDANCE_LOST,
HILL_INPACT, .
HTARG. « + « &
HX2AS: + v 4
H_REFRISE. . .
INITB7 o v v
INITIATEVAR. .
INIT_STEPFER .
LEFT « v
MISSILE.Z, .
HISS_COMMENT
MBERATZ, .
MOERCOS, . .
MOEREXP. .
MBERSIN,
HOERY2X,
DFF_HQ ]
PPI_SET,
PROLOG
ouIT .
RECEIVE,
RIGHT.
SEND .
SETRET .
SHORT.

* o *© @ * o

e ® ® * o ® o *® 5 @ & * o ® e = =

- ® o ® o ® & ® & * e
e« ® & ® & ® o * & ®© & -

e« ® ®© ©® o ® & ® & ® o ® & ® e ® &4 ® & ® a2 ® e« ® o ® e * o ® & ® e ® o © & * o * a e o

+ BYTE} TOM_TARGET_MODULE TOWFLIGHTMODULE MAIN_TOW_MODULE

+» BYTE; % UNRESOLVED xx  TOWFLIGHTMODULE
+ INTEGER} TOM_TARGET_MODULE TOWFLIGHTMODULE

+ PROCEDURE ¢

« BYTE} TOWFLIGHTMODULE TOW_TARGET_WODULE MAIN_TOM_MODULE

+ PROCEDURE
+ PROCEDURE }

TOW_SPEECH_MODULE MAIN_TON_MODULE

TOW_SPEECH_MODULE MAIN_TON_MODULE
TOWFLIGHTMODULE  MAIN_TOW_MODULE

+ HORD; xx UNRESOLVED xx TOWFLIGHTMOOULE
« REAL; TOWFLIGHTMODULE MAIN_TOW_MODULE
+ WORD; xx UNRESOLVED xx TOWFLIGHTMODULE

+« REAL} TOWFLIGHTMODULE TOW_TARGET_MODULE MAIN_TOM_MODULE

+ PROCEDURE}

+ BYTEi TOMFLIGHTMODULE TON_SPEECH_MODULE MAIN_TOM_MODULE
+» BYTE: TOW_TARGET_NODULE TOM_SPEECH_MODULE TOWFLIGHTMODULE MAIN_TOR_MODULE

TOW_TARGET_MODULE  TOWFLIGHTMODULE

+ REAL; TOWFLIGHTMODULE TOW_TARGET_MODULE

+ PROCEDURE+
« PROCEDURE
PROCEDURE ;
PROCEDURE i
PROCEDURE }

REAL; TOM_TARGET_MODULE TOW_SPEECH_MODULE TOWFLIGHTMODULE MAIN_TOW_NODULE

TOM_UTILITY

TOWFLIGHTHODULE MAIN_TOW_MODULE
RE% UNRESOLVED zxx  TOWFLIGHTMODULE
TOWFLIGHTHODULE MAIN_TOW_MODULE
TOW_UTILITY

REAL} TOWFLIGHTMODULE TOW_TARGET_MODULE

PROCEDURE i
PROCEDURE }
PROCEDURE ;
PROCEDURE i
PROCEDURE i

TOW_UTILITY MAIN_TOM_MODULE

¥xx UNRESOLVED zxx TON_TARGET_MODULE
exx UNRESOLVED xxx  TOW_TARGET_MODULE
x2x UNRESOLVED sxx TONFLIGHTMODULE
zxx UNRESOLVED =xx  TOW_TARGET_MODULE
1xx UNRESOLVED xxx  TOW_TARGET _MODULE

REAL: TOMFLIGHTMODULE TOW_TARGET_MODULE

PROCEDURE +
PROCEDURE ;
PROCEDURE }

TOM_UTILITY NAIN_TOW_WODULE
TOW_SPEECH_MODULE  MAIN_TOW_MODULE
TOW_SPEECH_MODULE MAIN_TOW_MODULE

PROCEDURE BYTE: TON_TARGET_MODULE

REAL? TOM_TARGET_MODULE TOW_SPEECH_MODULE TOWFLIGHTMODULE MAIN_TOW_MODULE

PROCEDURE §

+ PROCEDURE
(]
+ PROCEDURE :

REAL; TOWFLIGHTMODULE TOW_SPEECH_MODULE MAIN_TOM_NODULE

TOK_TARGET_MODULE MAIN_TOW_MOOULE
XY UNRESOLVED 3x  MAIN_TOW_MODULE
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SOUND. + « « » + « PROCEDURE;
SPEECH_WIT . , . . BYTE; TONW
SPEECH_MISS. . . . BYTE: TOM
SYART-IP e
TARGET_DATA. . . + PROCEDURE
TARGET_LOC . + + . PROCEDURE:}
TCNT « o o « o « o+ INTEGER}
TCOUNTO, + + » + o INTEGER?
THREE_SEC_FLAG «
TRACK_1. + + + + » PROCEDURE}
TRACK_24 + « + « o PROCEDURE}
TRMTKJ. + o+ o+ o PROCEDURE}
UP v o o000
UPDATE_COUNTS, . . PROCEDURES
RIRE_BROKE . . .
Xe v 0 v 0 0 0 s
YICNTR « « « o + « PROCEDURE:
Lo v o v v v v
EEUNRESOLVEDRR: |
ITTYNKESOLVEDERT ¢ FLOATING POIN

CELB?.LIB

MODULE DIRECTORY

HODULE NAME. . . . FILE NAME

_SPEECH_MODULE TOW_TARGET_MODULE TOWFLIGHTMOOULE

+ LABEL: MAIN_TOW_MODULE

BYTE: TOMFLIGHTMODULE MAIN_TOW_MODULE

o« REAL; TOM_TARGET_MODULE TOM_SPEECH_MODULE TOWFLIGHTMODULE MAIN_TOW_MODILE

o BYTE; TOWFLIGHTMOOULE TOW_SPEECH_MODULE MAIN_TOM_MODULE
+ REAL; TOWFLIGHTMODULE TON_TARGET_MODULE

» REAL; TOWFLIGHTMODULE TON_TARGET_MODULE

IN ASSEMBLY LANGUAGE CODE, EITHER TOWXF OR TONIR

TOM_UTILITY TON_TARGET_MODULE TOWFLIGHTMODULE MAIN_TON_MODULE
_SPEECH_MODULE  TOM_TARGET_MODULE  TOWFLIGHTMODULE
TOW_TARGET_MODULE  TOWFLIGHTMODULE

TOW_UTILITY

TON_TARGET_MODULE MAIN_TONW_MODULE

TOW_TARGET _MODULE

TON_TARGET_MODULE  TOWFLIGHTMODULE

TON_TARGET_MODULE  TOWFLIGHTMODULE

TON_TARGET_NODULE  TOWFLIGHTNODULE

TON_TARGET_MODULE TONFLIGHTMODULE

BY UNRESOLVED xx  MAIN_TOM_MODULE

T LIBRARY PROCEDURES IN 8087.LIB AND

DISKETTE NAME

NAIN_TON_MODULE. . TOMWMN.019
TOWFLIGHTMODULE. . TOWFLF,018
TOW_SPEECH_MODULE. TOWSPC.009
TOM_TARGET_MODULE. TOMTAK.005
TOW_UTILITY, o » o TOWUT.006

TOW10
TOW10
TOW10
TON10
TOW10

124

e




a R R o, ¢, .-. .-. ., * ] e et te Tt e T LR MR R~ (TR ..--...... K " ...... .~-.-v--. N ferale ey e 24 :
Y .‘. . [N [N (AN s O »- R ... > A C . ;'..;-\-.... .\ v - ..-.J.-... S et P O L ' ', -.~\-.\_\-\.«>- .\...--.--.nal- . o

(4

s
AN PLDEFL P NY T A AA A ARt

'

. ST et
. RN A
W Wl YR AP W WP

(5]
>
—
[an]
=
tu
a.
Q.
-4

-._L'

COMPUTER GRAPHICS AND VIDEO SUBSYSTEM PROGRAMS
125




' 'l. .
Leoo

: "
'~ S
"3 ISIS-II PL/M-84 V2.1 COMFILATION OF MODULE TOM_START_UF_MODULE ;;3
L~ ORJECT MODULE FLACED IN :F1:TOWST.ORJ e
. COMFILER INVOKED BY: FPLMB6 :F1:TOWST.024 DEBUG ROM XREF OFTIMIZE(3) LARGE & 3
( TITLE('0930 5 NOVENEER 1982') :_a
® 1 TON_STARY _UF_MODULE: DO; ;}

¢ 1 DECLARE SCENE_COUNT LITERALLY '04D'+MAX_MENU_NO LITERALLY '01D'}

DECLARE CARR_RET LITERALLY ‘ODH's SFACE LITERALLY 'Z20H',BELL LITERALLY ‘O7H';

[45]
-

4§ 1 DECLARE I0DATA LITERALLY 'ODSH’IOSTATUS LITERALLY 'ODAH' MASK LITERALLY '7FH'S

w
—

DECLARE VECTOR_MODE LITERALLY '350'rALPHA_401C_MODE LIVERALLY '15Q',
ot ADM3A_MODE LITERALLY '300'»GRAPHICS_CLEAR LITERALLY '310',
ADK3A_CLEAR LITERALLY '320'»CLEAR_ALL LITERALLY '330',
HOME _CURSOR LITERALLY '140Q':
6 1 DECLARE COUNTER 2 LITERALLY 'OD4H'sCONTROL LITERALLY 'OD6H's
CNTRZMODE LITERALLY '09H',SETCOUNT LITERALLY 'O4H';
/% FOR TIMER SETUF x

7ot DECLARE USART_CONTROL LITERALLY 'ODAH'<USART_MODE LITERALLY '4EH'.
USAFT_COMMAND LITERALLY '37H'S

8 1 DECLARE LINE_FEED LITERALLY 'OAH';

{ i ? 1 DECLARE (DAY_SIGHTySTARTING_TRACK:TARGET_SWITCHsFINAL TRACK:
o EAST_WEST.CONTINUE) EYTE EXTERNALS

10 1 DECLAKE (RESPONSE»GO_NOM»MENU_NO»NENU_DONE » SCENARIO, IsFREVIOUS_RESFONSE) EYTE;
& T DECLARE (OK1:0KZ TOTALY_OK) BYTE;
"l 12 1 DECLARE SCENAKIO_EUFFER (9) BYTE EXTERNAL:

13 1 OECLARE (RESF_1_ASCIIsRESF_2_ASCII,RESF_1_NUMsRESF_2_NUM) EYTE:

N 1" 1 DECLARE (SIGHT_FLAG TRACK_FLAG+DONE 0K+ SANE) BYTE;
{:f:
::‘-' PR320ttt ittt Rttt teottiatiiteioeiitocetstetototetsoetetitssts]
N X THE SCENARIOS ARE LISTED BELOW. 1
_.:-': FEefteddettetdosetiietsotitetddtipoteiociotisettntteittctiscttoottottitttisdy
'@,
'\.: -
§i 15 1 DECLARE SCENE_0 (x) BYTE DATA (CARR_FET); )
.. T
D 16 1 DECLARE SCENE_L (x) EYTE DATA ('A'CARR_KET,'H' CARR_RET)'E'»CARR_RET, .
N 'S 1'+CARR_RETs 'R 225'sCARR_RET,'F 1'sCARR_KET+'E'»CARR_RET )
@ 'X 1500" yCARR_RET»'F 2620 »CARR_RET+'X 1000' rCARR_RET, ' C'sCARF_RET+ . 8
N 'B'yCARR_RET'I' /CARR_RET»*Q'y' !¢ 'X"); *
-.\ - :
-l 17 1 DECLARE SCENE_C (x> EYTE DATA ('P'»O1Hy A" sCARK_RET) 'H' yCARR_RETs N
-1
.
e e e e




<
\._:;
Q-

- "E'yCARK_RETs'S 1" +CARR_RETy 'K 173" +CARK_KET'F 1 +CARK_KET, 'E'+CARF_RET,

‘X 764" yCARR_RET'P 520" sCARR_RETy 0" sCAKF_RET» 0"+ 'B' s 'F'y02Hs 'A% s ]
CARK_RET»"H' yCARF_FETs 'B' sCARK_RETy'S 1'+CARR_RET+'R 177" CARR_RET+'F 1"y 5
CARR_RETy 'E' +CARR_RETs'X 382" sCARR_RETy'F 1650' 1CARR_RET)'0' +CARR_KET+'0"/ g

: Y2’y P y03Hs A SCARR_RETs'H' yCARK_KET'E' +CARF_RET+'S 1'9CARK FET+'R 173,

L CARR_RET»'F 1" +CARR_RETs'E* 1CARR_RETy'F 1650" 1CARF_RET, 0" »CARK_RET, Q' '3y ;i
e 'P*yO4Hs "A' yCARR _RET+'H' »CARK_RETy 'E' s CARR_RET»'S 1'yCARK_RETs 'K 1'+CARK_RET, h
A 'F 1" »CARR_RET+'E' +CARR_RET, 'Y 4344 CARF_KET,'C'+CARK_KET 'E' CARR_RET, K
AR 'X 1000 sCARK_RETs'C' +CARK_RET+'E' yCARR_RET+' 0" sCARK_RET+'0"s'R"s
AN 'P'90SHy 'A' yCARK_RET+'H' +CARR_KETy'E' vCARK_RET+*S 1" +CARR_KET+ 'R 80"

s CARR_RETs‘F 1*sCARR_RET«'E* yCARR_RET+'X 764" sCARR_RETs'P 650" 1CARK_RET,'0'y
) CARR_RET» Q"' 1%y 8"}

: 18 1 DECLARE SCENE_3 (X) EYTE DATA ('F'+O1Hy'A'yCARF_RETy'H' +CARR_RET, 'B'y
o CARK_RET»'S 1*sCARK_RETs'R 173" sCARF_RETy'F 1'+CARR_RETs'E' yCAKR_RET,

<. 'Y 764° sCARK_RET+'F 5240 »CARF_RET 0 +CARR_RETv*Q'y"X'y'F*y0ZH 'A"y
"y CARR_KETs"H* sCARR_RETs'B' +CARK_RET+'S 1'yCARK_RETs'R 173 +sCARR_RETs'F 1'y

- CARR_RET+'E’ sCARR_RETs'X 382* +CARK_RETs'F 1650 +CARK_RET'X 1091'1CARK_KET)

o ‘F 5240 yCARR_RETy'0'yCARK_RET+'@'v' X'y 'P'y03Hy 'A* yCAKE_RET, 'H' yCARK_RET,

P~ 'B'yCARK_RET¢'S 1'yCARF_RET+'R 173" +CARR_RET'F 1'yCARR_KETy'E' +CARF_RET,

s 'F 500 yCARK_KET»'X 400" yCARK_RETy'F 0'yCARR_RET+'0' yCARR_KET+'Q ¢ 'Ry 'F'y
N 04H+ A" sCARR_RET "H' yCARF_RET B yCARK_RET+'S 1'/CARR_RET: 'k 1°yCARF_RET,

b 'F 1" 9CARF_KETy'E'yCARR_RETy'X 4344 yCARR_RET+'C'yCARF_RETy'B' »CARF_RET)
et 'X 1500 sCARF_FET+'C' oCARK_RETy 'E' yCARR_FETs "0 yCARR_FET+ "0y 'R ¢ 'F' 1 05H»

- "A*yCARR_RETy 'H' yCARK_KET» 'B*yCARF_RET»'S 1 rCARK_RETs 'R 80" sCARR_RET+'F 1'y

T CARR_RET»'E' sCARR_RET+'X 384" yCARR_RET+'F 650" +CARR_RET+'X 1091 +CARK_RET+
o 'P 250" yCARR_RETy'0' s CARR_RET+'G'» ' 1"y 'x" )3
at 19 1 DECLARE SCENE_4 (X) EYTE DATA ('F'+O1Hs'A' +CARR _RETs'H' +CARR _RETs'E'y

| CARR_FET+'S 1'sCARR_RETs'F 173" sCARF_RETy'F 1'+CARR_RET.'E'sCARF_RET)

. 'Y 764" yCARR_KETy'F 5240 +CARR_RET' 0’ yCARR_RET ¢ '@ s 'X'+ 'F* 02 "A" s

o CARR_RETs'H' yCARR_KETy 'E' +CARF_RET+'S 1'»CARF_RET¢ 'R 173*yCARK_RET+'F 1'y
L CARR_RET»'E" yCARK_FETs'X 382" sCARK_FET+'F 1650" «CARR_RET«' 0" +CARK_RET,

e 0"y "Ry 'P 903Hy A CARK_KETy "H' +CARF_RET, "B’ +CARK_RET+'S 1'yCARF_RET)
by ‘R 173" sCARK_RET+'F 1" +CARR_RET, 'E' yCARF_FETo'F 1450 +CARK_RET+'0' yCARR_FET,

?\{ Gy Ry P 904Ky A s CARR_RETy "H' yCARR_RET, B +LARF_RET+'S 1'sCARR_RET 'R 1"+

o CARF_FET+'F 1'CARR_RETy E'+CARR_RET. "X 5200' +CARF _RETs'C' sCARF_RET¢ By
. CARK_RET» 0" sCARK_RET+ 0 o ¥ 4 'F* 105Ky b +CARF_RET»'H' »LARR_RET+ ‘E' +LARF_RET)

e 'S 1'sCARR_RETy'F 245" yCARF_RETo'F 1" «CARF_FETo'E"oCARE_RETs'F 150" +CARE_RETy
o 'Y 6000 yCARF_RET'F 125' yCARF_RETv'F 1'v(ARF_RETy'F 650" +CARF_RET+'0'y

. CARR_RET+ '@+ 1" 4’2" 5
s 20 1 DECLARE SCENE 5 (¥) EYTE DATA ('F'sOfH+'A" +CARK_RET,'H'sCARK_RET'E' yCARK_RET)

<o 'S 1'9CARK_RETs 'R 156 yCARF_RET+'F 1" +CARK_RETs'E' +CARK_RET+'F 5240y
e CARR_RET» 0" sCARF _RETs'0" s X" s 'F' s02Hs 'A" sCARK_RETs'H' +CARR_RET+'E' yCARK_FET,

“ur 'S 1'sCARR_RETs 'R 156" 1CARK_RET+'F 1" ¢CARR_KETs ‘E'+CAFT_RETy'F 500 sCARK_RETy
fi;; "X 400" yCARR_RETo'F O'sCARF_FET+'0' sCARR_FETs'Q" 9" X" s 'F's03H+ 'A" +CARR_RETy
L "H* yCARR_RET/ 'E' yCARR_RETy'S 1'sCARR_RETs 'R 156" 1CARR_RETs'F 1" +CARF_RET+'E'y
) CARR_RETs'X 350" sCARR_RET+'F 575" oCARK_RET+'¥ 425'yCARR_RET+'P 0'+CARK _RET»

le 0" +CARR_RETs'Q"»'X" s 'F' yO4Hs 'A" yCARK_RETy "H' +CARF_RET+'E' +CARR_RET+'S 1"y :
e CARR_RETs'R 1'«CARF_FET+'F 1'CARF_RET+'E' +CARR_RETy'X 4364 +CARF_FET+'C'y -
s CARF_RETy'B* sCARF_RET+ "X 1091 sCARR_RETs [’ +CARF_RET+'E' +CARR_RET+'0'» .
.* CARR _RET+'Q" s X'y 'F'90SHs 'A" sCARR_RETs 'H' sCARK _RET+"E" +CARR_RETs'S 1'0 .
CARR_RETs'R 100" »CARF_RET+'F 1*+CARF_RETs"E' sCARK _RETo'X 367 sCARF_RET, <
"F 650" sCARR_RET'X 545" +CARR_RETy'F 450" yCARR_RET+'X 545" sCARF_RET+'L 393"y e
CARF_RETs'P 650" yCARK_RET+'0' +CARR_RETy'G'v' "o 'X"); -

° 127 .
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DECLARE SCENE_¢4 (x) BYTE DATA ('P'+O1Hs'A'sCARK_RET'H' yCARK_RET» 'B'yCARF_RET,
'S 1'yCARR_RET+ 'K 173" »CARR_RET+'F 1'»CARR_RET«'E'«CARR_RETs'X 764" +CARF_KET,
'F 5240 +CARE_RET» "0’ +CARRK_RET+'Q" v '®"y"F"yO2H+ "A" +CARR_RETs 'H' +CARR_RET
'B'yCARR_RET+'S 1'+CARK_RET: 'R 173'+CARR_RETs'F 1" +CARF_RET) 'E' sCARR_RET,

‘P 2200' sCARR_RETs'X 382" +CARK_RETs'F 1650' sCARF_RET+'0' +CARR_RET,'Q"»'X")
"F'403Hs ‘A" «CARF_FET+'H'sCARK_RETs 'B'sCARK_RETs'S 1'+CARR_FETy 'R 173",
CARR_RET+'F 1'+CAKR_RETy 'E'yCARF_RETy'X 382" +CARF_RETs'F 2100'+CARR_RET»

‘X 425" CARR_KET«'F 1850 +CARR_RET+'0' yCARR_RET, Q" »'x'y'F'404H'A" «CARR_KET)
"H'sCARR_KETs'B'+CARR_RET+'S 1'+CARR_RET: 'R 1')CARK_RETs'F 1'9CARR_RETs'E'y
CARR_RET» X 4344'+CARK_RETs'C'»CARR_RETy'B'CARF_RET,'X B20'sCARK_RET+'C'»
CARR_RET»'&'yCARR_RET»'0' »CARR_RET+'G's'Xx"s'F'+05H+'A' rCARR_RETs 'H' +CARF_RET)
"B'+CARR_RET+'S 1'+sCARK_RETy'R 245" +CARK_RETs'F 1'yCARR_RETs'E' sCARR_RET,

P 450" yCARR_RET+'R 235" 1CARK_RETy'F 1'sCARR_KETy ‘P 625°'+CARR_RETy'X 273"
CARR_RET+ 'F 650" +CARR_RET'X 273" +CARR_RET«'L 17,7 '+CARR_RETs'F 650"
CARF_RET»'0' yCARR_RET»'Q'y' 1"y X" )}

DECLARE GO_HOME (x) BYTE DATA ('M' CARR_RET+'N 1'«CARR_RET,'-' CARR_RET.
'R 245'»CARK_RETy'E' +CARR_RETy'G'+CARR_KETs'T'yCARF_RETs'I'»CARR_RETy
‘D' »CARK_RET+'%2")}

DECLARE RAISE_MOTOR (x) BYTE DATA ('F'yO3Hy'A'+CARR_RET,'H'sCARR_RET,
'S 1" CARF_RETs 'R 225" +CARR_RET'F 1'+CARF_RET, 'E'+CARR_FET
"F 650"y CARR_FET« "I +CARF_RET« 0" oCARR_RET»'0'0'x")}

DECLARE LOWER_MOTGR (x: BYTE DATA ('H'»CARR_RET+'S 1'+CARF_RETy
"FO18C sCARF_RET'F 1'«CARF_RETy'E' yCARR_FETs "-'+CARK_FET+'N 700" -CARR_RET,
"G yCARF_RET«"I'sCARR_FETy'0'yCARR_RET+'QD' +CARF_RET« '3 33

SRR E Ny I RN N IR AR KA X KR X TR X RN AR A IR AN AT XA AN

1 COMMENTS FRINTED (M THE SCREEN EY THE PRINT FROCEDURE ARE LISTED RELOW.  x
e PR ettt aatotitosipitiintotiteticsticitiiitieieietsiotctetetsitieisistyy

DECLARE HELLD (x: EYTE DATA (CARF_RET,LINE_FEED,LINE_FEEDsLINE_FEED LINE_FEED,
‘STACS-T TRAINER VERSION 1.0'9CARK_RET,LINE_FEEDs'®')§

DECLARE FOO_EAH (x) EYTE DATA (' I TOLD YOU THIS '#7R%s4¢ TERINER CAN''T 'y
‘D6 THAT! !4 +CARR_RET LINE_FEEDs 'X'y):

DECLARE HELLOD_CON (g% EYTE DATA (CARR_RET.LINE_FEED, 'NEED A MENUT (Y OR N)'»
CARR_RETLINE_FEED, 3’13

DECLARE ITEM_1 (x) BYTE DATA ('ITEM 13 TAMK MOVES TG THE CENTER OF THE'»
' TRACK AND STOFS' CARR_RET.LINE_FEEDy ‘m')i

DECLARE ITEM_Z (x) BYTE DATA ('ITEM 2! FRONT TANY RISES FROM TRENCH+ MOVING',
' WEST» AND EECCOMES THE TARGET ' CARR_FET,LINE_FEED+: CENTER AND '
'REAR TAMKS MOVE FROM EAST TO WEST INTO COVER'(CARF_FET.LINE_FEEDs'¥')i

DECLARE ITEM 3 /x, BEYTE DATA ('ITEM 31 FRONT TaNb FISEC FROM TRENCH MOVING '
"WEST. THEN SINKS AGAIN'sCARR_RETLINE_FEED: CENTER TANK MCVES '
"WEST INTO COVER: THEM FEAFFEARS. MOVING EAST'<CARF_RET.LINE_FEED’ '
"AND EECOMES THE TARGET. RKEAR TANK MOVES OUT. THEN RETREATS TO '

CARF _FET LINE_FEED. I7S REAR INTO COVEFR' CARF_RET.LINE_FEED. 3" )}

g e e
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DECLARE ITEM_4 (x) EYTE DATA ('ITEM 4 CENTER AND REAR TANKS MOVE EAST T0 ',
"WEST INTO COVER'+CARR_RET,LINE_FEED.' FRONT TANK RISES FROM TRENCH',
' AND EECOMES TARGET AS CENTER AND'«CARR_KRET,LINE_FEED,' KEAR TANKS's
' DISAPPEAR’ +CARF_RET+LINE_FEED,'x');

DECLARE ITEM_S «(x) EYTE DATA ('ITEM S} FRONT TANK RISES FROM TRENCH AND ')
'TRAVERSES HILLY TERRAIN'sCARK_RET+LINE_FEEDs' CENTER AND REAR '
*TANKS AFPEAR» THEN RETREAT INTO COVER',CARF_RET,LINE_FEED:'®')}

DECLARE ITEM_6 (x. EYTE DATA ('ITEM & FRONT TANK MOVES WEST OVER ROUGH ‘s
‘TERRAIN' yCARR_RETsLINE_FEED+' CENTER AND REAR TANKS MOVE WEST ',
*THROUGH COVER AND THEN FETREAT'sCARFK_RETsLINE_FEED,' EACK INTO IT'»
CARR_RETLINE_FEED.'x")j

DECLARE FAGE_COMMENT (x) BYTE DATA (CARR_RET+LINE_FEEDLINE_FEEDsLINE_FEED,
LINE_FEEDsLINE_FEED, 'FAGE ')}

DECLARE SINGLE_FAGE (x) EYTE DATA (LINE_FEEDs'FRESS *E* TO EXIT MENU.'»
CARF_RET.LINE_FEED,LINE_FEED, 'x')}

DECLARE FIRST_PAGE (x) EYTE DATA (LINE_FEEDs 'FRESS *N® TO SEE THE NEXT PAGE:'»
' *E* TO EXIT MENU'sLINE_FEEDsCARR_RETsLINE_FEED,'x')}

DECLAKE CENTER_FAGE (x) EBYTE DATA (LINE_FEED,'FRESS *N® TO SEE THE NEXT FAGE:'s
* 'f* 10 SEE THE FREVIOUS FAGEr "E' TO EXIT MENU'sLINE_FEEDsCARK_RET»
LINE_FEED:'x');

DECLARE LAST_FAGE (x) EYTE DATA (LINE_FEEDs'FRESS *F' TO SEE THE FREVIOUS '
‘PAGE» "E® TO EXIT MENU'sLINE_FEEDyCARR_RET,LINE_FEED,'x')}

DECLARE FOO «x) BYTE DATA (' THIS STAGS-T TRAINER CAN''T DO THAT!!'s
CAKRF_RET,LINE_FEEDy'X')}§

DECLARE REGUEST (1) BYTE DATA (CARR_RET+LINE_FEEDsLINE_FEED.LINE_FEED
+LINE_FEED: 'WHICH ITEM 77 X')i

DECLARE SICHT_@ (x) RYTE DATA ('DO YOU WISH TO USE THE DAYSIGHT (D) OF THE '»
‘NIGHTSIGHT (N)* 'y 'X')}

DECLAKE TRACK_Q (x) EYTE DATA ('MHICH TRACK DD YOU WISH TG RUN THI5 SCENARID'.
' ON'yCARR_REToLINE_FEED+' (1 = FRONTy 2 = CENTEF+ AND 3 = REAF)? 'y'x')}

DECLAKE ITEM_PTRS_t (x) POINTER DATA{@ITEM_1,@ITEM_Z.@ITEM_3.@ITEM_4.@ITEM_S»
PITEM_ &)+

FA 3ttt a st ti et i itoiedttigeetdeittteiotiittstitedtiotiittettodtoteststetty

x THE FOLLOWING SUEKOUTINE INFUTS A BYTE OF ASCII DATA FROM THE TERMINAL ]
Prettseleetsattertessessstittliiitestitiotiosteisisiiitittitetiiitectteiteity

CINIPROCEDURE EYTES
DO WHILE NOT SHR(INFUT(IOSTATUS)s1)i
END;

RETURN MASK AND INFUT(IODATA)I
END CING
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X THE FOLLOWING SUBROUTINE OUTFUTS A BYTE OF ASCII DATA TO THE TERMINAL x
300 itetitdteieteostitaittidiitiilieitigecectictittiotiitiitiqititistetsitesiiyl

COUT: PROCEDURE (ITEM)i
OECLARE ITEM BYTE.
DO WHILE NOT{INFUT(IOSTATUS!);
END}
QUTPUT(IODATA)=ITEM:
CALL TIME(15)i
END COUT;

PR ittt ittt it ettt ittt iRttt bttt il estyietiiteteitteitcititeiitttiisy
/% THE FOLLOWING ROUTINE OUTFUTS & CHAKRACTER TO THE 8741 WHEN CALLED FROM 3/
/% THE MAIN FROGRAM x/
PRt i3e it i tiedtitedticeinttaiiitdisttitettiiosiitiisiististiiititieiiiiittiiy

OUTFT: FROCEDURE (DUTDATA);
DECLARE OUTDATA BYTE,» STAT_COM EYTE AT (OFQOOH)» F_DATA EYTE AT (OFOQZH)i
DG WHILE NOT SHR(STAT_COMs1)} /% WAIT UNTIL UFT41 IEF = 0 x/
END}
F_DATA = NOT QUTDATAS
END OUTFT:

/% NOT  BECAUSE MULTIEUS INVERTS x/

FRINT: FROCEDURE(FNTRY$ /x PROMFTS THE CONSOLE 3/
DECLARE I KORD/
DECLARE FNTR FOINTER,
CHAR EASED FNTR (1) BYTE:/x CHAR MUST BE AN ARRAY TO KEEF FLM HAFFY x/
I=0;
LOOF: DO WHILE CHAR(I) > 'x'}
CALL COUT(CHAR(I})}
I=1I+1
END LDOF}
END FRINT:

gittotecittotiivitidetoittiettiitietoiittetetitetitvetiitettoteiotiteittitessl
X THIS PROCEDURE SENDS AN ENTIRE PROGRAM (OR *SCENE*)r» POINTED TO BY x
x FROG_FTRs TO THE CYS12 X
1398890080088 00tdtaitediactititi)iitidiitoctitntestitisteoteisidoiteititiiiicy

TANK_FROG: FROCEDURE (PROG_PTRsLENGT)$
DECLARE PROG_PTR POINTER,» LENGT WORDs (ITEM BASED PROG_FTR) (1) BYTE,
€ WORD}
€=0i
DO WHILE C < LENGT;
CALL OUTPT(ITEM(C))i
C=C+1i
END}
END TANK_PROG:

Fhtteeee et RRiiiisdsisidttiditieeettittititissinatitisqiisseitiepetttststttsss

1 THIS PROCEDURE SENDS ALL THE MOTORS TO THEIR HOME FOSITIONS. ]
32000000 tettliestitetitiitititiotedtitottiteteititiititiioteiiiteiisttitotiityy

PR SN
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79 1 RESET_MOTORS: PROCEDURE

86 2 I1=0§

8t 2 DO WHILE I < 4§

B2 3 I=1+1;

83 3 CALL DUTFTC'F);

84 3 CALL OUTET(I)$

85 3 CALL TANK_PROG(@GO_HOME »SIZE(GO_HOME) )}
86 3 END}

72 CALL QUTFT('F')3

88 & CALL QUTFT(OSH)

3 2z CALL TANK_FROG(@LOWER_MOTOR,SIZE (LOWER_MOTOR)):
9 2 END RESET_MOTORS:

/% QUTFUTS PAGE 1 OF THE MENU 1’

11 MENU_1: FROCEDURE:

92 2 RESFONSE = i

93 2 CALL PRINT(@FAGE_COMMENT):

4 2 CALL COUT? 1)

95 2 CALL COUT(CARR_RETI;

96 I CALL COUT(LINE_FEED):

97 2 CALL COUT(LINE_FEED)}

98 Z I=20;

9¢ 2 DO WHILE I < LENGTH(ITEM_PTRS_1)}
199 3 CALL FRINT(ITEM_PTIRS_$(I))i
101 3 I=1+1
102 3 END:
103 2 CALL PRINT(@SINGLE_FAGE)}
104 2 END MENU_1}

/% QUTPUTS PAGE 2 OF THE MENU x/

105 1 MENU_Z% PROCEDURE;

106 2 RESPONSE = 0;
107 2 END NENU_Z3

- /% OUTPUTS PAGE 3 OF THE NENU 1/

-\-

- 108 1 MEMU3! PROCEDURE:

9 109 2 RESPONSE = 0;

= 1o 2 END HENU_3;

o

o /X QUTPUTS FAGE 4 OF THE HENU 1/

b .

' ®. 11 1 MENU_4! PROCEOURE;

- 1 2 RESPONSE = 0;

13 2 END HENU_4;

131




~
2
e .
/3 OUTPUTS PAGE S OF THE MENU 3/
14 1 MENU_S: PROCEDURE;
15 2 RESPONSE = 0i

£ 1s 2 END MENU_S; H
- x
2 :J
- 117 1 GIVE.NENU: PROCEDURE; 3
) 118 2 CALL PRINT(EHELLO_CON); 3
- 19 2 RESPONSE = 0 2
-2 120z RESPONSE = CIN: 2
T 121 2 CALL COUT(KESPONSE): /x ECHO PRINT x/ i
-\

~ .
122 2 IF (RESPONSE = 59H) OR (RESFONSE = 79H) THEN  /x UFFER OR LOWER CASE *Y* x/ B
L 123 2 HENU: DO; yi
- 129 3 CALL COUT(CARR_RET); -
o % 3 CALL COUT(LINE_FEED);
o 126 3 MENU_DONE = 0; N
ol 1273 MENU_NO = 1 3
o 128 3 CALL COUT (VECTOR_NODE) ; N
d 129 3 CALL COUT(CLEAR_ALLY: I
N 130 3 CALL COUT(HOME_CURSOR) ; ‘
re 1303 CALL TIME(2000); -
3 1323 CALL MENU_1; .
N 133 3 DO WHILE NOT MENU_DONE; ”
134 4 SANE = 0; -
{ 135 4 0K = 03 ¥
136 4 RESPONSE = CIN .
= 137 4 IF (RESPONSE = 4EH) OK (RESFONSE = 6EH) THEN 00i  /x UC OR LC *N* x/ \
o 139 5 IF MENU_ND ¢ MAX_MENU_ND THEN DO

e 141 6 MENU_NO = MENU_NO + 1;

) 142 ¢ oK = 15 -

- 145 4 END;
= 144 5 ELSE DO;

- 145 4 SAME = 1}

- 146 & CALL COUT(BELL)}
147 ¢ END; :

: 198 5 END; 3
<7 199 4 IF (RESPONSE = SOH) OF (RESPONSE = 70H) THEN DO;  /x UC OR LC *F* x/ -
~e 151§ IF MENU_NO > 1 THEN 003 -
- 153 4 MENU_NO = MENU_NO - 1}

g 154 6 0K = 1i .
'@ 155 6 END; &
N 15% S ELSE DO N
ot 157 6 SAME = 1 -
. 158 4 CALL COUT(EELL): N
159 6 END; -
<o 160 S END; N
o/ 13
ny 161 4 IF (RESFONSE = 45H) OR (RESPONSE = 45H) THEN D0; .
o 163 5 MENU_DONE = 1; /3 UC/LC E* &/ -
A B3
e -
o 132 .




144
165

166
170
i
172
173
174
175
176
177
178
179
18¢
181
182
183
184
185
180
187
188
189

199

191

192
194
195
1%¢

197

198

199

L oen
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ra

r3 RO

r>

0K = 1i
END}

IF NOT MENU_DONE THEN IF NOT SAME THEN IF OK THEM DO;
CALL COUT(CLEAR_ALL)}
CALL COUT(HOME_CURSOR) 3
CALL TINE(2000):

DO CASE (MENU_NO - 1)}
CALL MENU_1}
CALL MENU_Z}
CALL MENU_3}
CALL MENU_4;
CALL MENU_S}
END}
END§

END;

END MENU§
ELSE DO}
CALL COUT(CARR_RET);
CALL COUT(LIME_FEED)}
END}

CALL COUT(CLEAR_ALL)}
CALL COUT(HOME_CUKSOR) §
CALL TIME(2000);

END GIVE_MENU;

TANK_INIT: PROCEDURE PUBLICS
Betiicedtecitstiioteiititietetediitodoetedieeiteiitistoiiittitotiiis]

TANK_INIT PROCEDURE BEGINS HERE
TTeietteeRectiiettiiettoltoltistetititeettotivititteftoctiittittitinyy

PR3 830008008800t ttdietiittiettdateddtddttiinadtodtotdtsiqiadottdstidetittedy]

1 RESET ALL MOTORS TO STARTING POSITIONS. |
iseittieidttactisitiiiiiotiessititiiieieteditiiofiitiiqitittectietiitesiig

CALL RESET_MOTORS:

CALL COUT(VECTOR_MODE)j
CALL COUT(CLEAR_ALL)}
CALL COUT(HOME_CURSOR)
CALL TIME(2000);

COMMENT1:
CALL PRINT(PHELLO):

CALL GIVE_MENU:

OK1+0K2,TOTALY _OKsGO_NOWsRESFONSE - FREVIOUS KESPONSE = 04

133
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N GET_TTEM: DO WHILE NOT TOTALY_OK}
RL /% WAIT TILL A PROPER MENU ITEM IS ENTERED x/

p:aﬁ 201 3 CALL PRINT (REQUEST)
s

202 3 DK_1% DO WHILE NOT OK1j
203 4 RESP_I_ASCII = CIN;
204 4 RESP_I_MUM = RESP_1_ASCII-30H;
205 4 IF (RESP_1_ASCII < 3AH) AND (RESP_1_ASCII > 30H) THEN /x IS BETWEEN 1 & 9 x/
206 4 005
207 5 CALL COUT (RESP_{_ASCII);
208 5 OKL = 1;
209 5 EMDS
210 4 ELSE CALL COUT(BELL);
AL 4 END OKL:
2123 OK_2! DO WMILE NOT OK2;
213 4 RESP_2_ASCIT = CIN;
214 4 RESP_Z_NUM = RESP_2_ASCII - 30Mi
215 4 IF ((RESP_Z_ASCII < 3AH) AND (RESF_2_ASCII > 29H)) OR (RESF_2_ASCII = CARK_RET) THEN
264003
217 5 TF RESP.2_ASCIT <> CARR_KET THEN CALL COUT (RESP_2_ASCID):
29 5 OK2 =1
200 5 ENDS
221 4 ELSE CALL COUT(BELL);
22 4 END KD

23 3 IF RESP_2_ASCII < CARK_RET THEN

224 3 00;

225 4 RESF_1_NUN = RESF_1_NUK X 100;

2% 4 RESPONSE = RESF_1_NUM + RESF_2_NUN;

27 4 SCENARTO_BUFFER (6) = RESP_1_ASCII;

e 4 SCENAKTO_EUFFER (7) = RESP_2_ASCII;

229 4 GO_NOW =

30 4 END;

313 ELSE DO

324 RESFONSE = RESF_1_NUM; 1

233 4 SCENARIO_EUFFER () = SFACE; o

43 SCENARIO_EUFFER (7) = RESF_1_ASCII; -

235 4 GO_NOW = CARR_RET; s

236 4 ENDS n g
: 27 3 IF KESFONSE <= SCENE_COUNT THEN TOTALY_OK = 1; oy

2239 3 ELSE DO; e

40 4 0K1,0K2 = 0 o

241 4 IF RESPONSE <> PREVIOUS_RESPONSE THEN CALL PRINT(@FO0); !

243 4 ELSE CALL PRINT(RFOO0_EAH): o

M 4 CALL COUT(CARR_RET); Ky

U5 4 CALL COUT(LINE_FEED); o

M 4 CALL COUT(RELL); g

247 4 FREVIOUS_RESPONSE = RESPONSE; ~

248 4 CALL GIVE_MENU; b
o 09 4 END; o
& 0 3 ENDS R
iy 251 2 SCENARIO = RESFONSE N

..

B
. K3
.
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2 WAIT_GO:
DO WHILE GO_NOM <> CARR_RET:  /x WAIT FOR CARR_RET x/

3 GO_NOW = CINi :
3 IF GO_NOW <> CARR_RET THEN CALL COUT(BELL): .
3 END WAIT_GO} :

[ ]

CALL COUT(CARR_RET)$
2 CALL COUT(LINE_FEED)S

Lol ol e n

Priitcitttetitetictottobiidttiteittiottntebititiiettstisttotiotonittitieetitiii
B SET FLAGS: z
¥ SIGHT_FLAG = 1 ==: INSTRUCTOR HAS A CHOICE OF DAY OR NIGHT SIGHT
TRACK_FLAG = 1 == INSTRUCTOF HAS A CHOICE OF WHICH TRACK TO USE X
EAST_WEST = | ==3 TARGET WILL START FROM THE EAST X
STARTING_TRACK == THE TRACK THE SCENARIO WILL START ON ]
TARGET _SWITCH = 0 ==: THERE WILL EE NO TARGET SWITCH K
FINAL_TRACK ==: TRACK TO SWITCH TO IF THERE IS A SWITCH 1
CONTINUE ==: SYNCHRONIZES DIGITALKER ]
biotoitatititiibotttettttittdstadsadinitesiilititasttitiidineitiesistieiiiiisH

SIGHT_FLAGYEAST_WEST = 1}
TRACK_FLAGs TARGET_SWITCHrFINAL_TRACK = 0}

~ r3

2 FLAG_SET:DD CASE (SCENARID){

3 FLAG_SET_0:D0: /X DO CASE EXPECTS Or BUT THERE IS NEVER SCENARIO 0 X/
4 END:
2 FLAG_SET_1:00;
4 TRACK_FLAG = 1}
4 END;
3 FLAG_SET_2:00;
q STARTING_TRACK = 1}
4 END;
3 FLAG_SET_3:D0;
4 STARTING_TRACK = 2:
4 END;
3 FLAG_SET_4:00;
3 STARTING_TRACK = 1}
4 END;
3 FLAG_SET_5:D0;
4 STARTING_TRACK = 1}
4 END;
3 FLAG_SET_6:00;
3 STARTING_TRACK = 1}
4 END;
g 3 END FLAG_SET;
o
,.. .\_-
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o 24 2 IF SIGHT_FLAG THEN DO WHILE NOT DONE: /x WE HAVE A CHOICE OF DAY/NIGHT SIGHT x/
-'*,_
86 3 RESPONSE = 03
27 3 CALL PRINT(@SIGHT_0); ,a
288 3 RESPONSE = CIN; ,
B 3 CALL COUT(RESPONSE); -
2% 3 CALL COUT(CARR_RET); g
91 3 CALL COUT(LINE_FEED); iy
0?2 3 CALL COUT(LINE_FEED); 3
293 3 IF (RESPONSE = 44H) OR (RESPONSE = 64H) THEN DO; /x UC OF LC 'D* x/ E
295 4 DONE = 1} 1
% 4 DAY_SIGHT = 1; /x USE DAY SIGHT x/ 1
297 4 END; i
%8 3 IF (RESPONSE = 4EH) OR (KESFONSE = 6EW) THEN DO: /X UC OF LC *N* %/ ]
00 4 DONE = 1}
301 4 DAY_SIGHT = 0; /x USE NIGHT SIGHT x/ l!
302 4 END; .
K
03 3 IF NOT DONE THEN CALL COUT(BELL); 5
o
305 3 END; !
g
06 2 DONE = 03 K
07 2 IF TRACK_FLAG THEN DO WHILE NOT DONE;  /x ME HAVE A CHOICE OF TRACK =/
o 309 3 RESFONSE = 0;
- 30 3 CALL PRINT(@TRACK_®);
b M 3 RESPONSE = CIN;
- 3z 3 CALL COUT{RESFONSE);
SN 313 3 CALL COUT(CARR_RET);
314 3 CALL COUT(LINE_FEED);
315 3 CALL COUT(LINE_FEED);
36 3 IF (RESFONSE > 30H) AND (RESFONSE < 34H) THEN DO}
318 4 STARTING_TRACK = RESFONSE - 30H; /% SELECT STARTING TRACK %/
319 4 DONE = 1}
320 4 END
321 3 ELSE CALL COUT(EELL);
32 3 CALL TANK_PROG(BRAISE_MOTORsSIZE (RAISE_MOTOR))}
373 3 END;
324 2 CONTINUE = 15 /% USED TO SYNCHRONIZE OFERATIONS WITH *DIGITALKER® x/

RS2 END TANK_INIT}

R 1 TANK_START? PROCEDURE FUBLIC;  /x CALL AFTER SCREEN FRESENTATION COMFLETE =/

A 327
e 328

~

CALL OUTFT('T")j
CALL OUTPT(STARTING_TRACK)}

~
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329 2 IF TRACK_FLAG THEN DO}
331 3 CALL OUTPT('F');
332 3 CALL OUTPT(STARTING_TRACK)}
333 3 END}
3 2 DO CASE (SCENARID):
33% 3 CALL TANK_PROG(@SCENE_0+SIZE(SCENE_0))
33 3 CALL TANK_PROG(@SCENE_1,SIZE(SCENE_1))¢
337 3 CALL TANK_PROG(@SCENE_2,SIZE(SCENE_2))i
338 3 CALL TANK_PROG(@SCENE_3sSIZE(SCENE_3))i
339 3 CALL TANK_PROG(@SCENE_4+SIZE(SCENE_%))}
40 3 CALL TANK_PROG(@SCENE_SsSIZE(SCENE_S))$
K1 ) QK CALL TANK_PROG(@SCENE_6sSIZE(SCENE_6))}
3 END}
M 2 CONTINUE = 1}
44 2 END TANK_START:
Fgotettottettettipdiottetotttttettttbonttetdetttattbtitetintertettottiitetotsitd
X HE NOM WISH TO STOP THE TANKS IMMEDIATELY AND NAIT FOR RESET.
perfedptesitotetiontbtototiostttttiotebibibitbqnsigettiettettettobestiscitiod
345 1 TANK_KILLED: PROCEDURE PUBLIC:
6 2 CALL QUTPT('R')$ /x RESET ALL CY512S x/
347 2 END TANK_KILLED:
346 1 END TOW_START_UP_MOOULE}
137
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CROSS-REFERENCE LISTING

A
., .':. “vu

; DEFN ADDR  SIZE NAME, ATTRIBUTES, AND REFERENCES
- 5 ADN3A_CLEAR. . . . . LITERALLY
- 5 ADMIA_MODE . + . . . LITERALLY
b S ALPHA_4010_MODE. . .  LITERALLY
. 3 BELL » v v v v o v LITERALLY 146 158 210 221 246 255 304 321
";-} 72 0002H 2 Cov v v o v v v WORD 73 74 79 76
ok 3 CARR_RET » 4 + 4 o+ LITERALLY 15 16 17 18 19 20 21 22 13 4 2
>3 2 2728 29 30 31 32 33 M I 3 I W/ 3P
e 40 42 95 124 184 215 217 223 235 244 252 254 257 290
313
- 37 0987H 83 CENTER_PAGE. . . . .  BYTE ARRAY(B3) DATA
Nt 64 O000H 1 CHAR . . v+ 4 4.  BYTE KASEDIFNTR) ARRAY(1) 66 67
o 44 OBOEH 21 CIN. v v v v v 4 o+  PROCEDURE EYTE STACK=0002H 120 136 203 213 253 288 311
e 5 CLEAR_ALL. « + » » o  LITERALLY 129 170 187 194
_ 6 CNTRZMODE. + + « o »  LITERALLY
i 197 0E2CH COMMENTL » + » 4 + 4  LABEL
b 9 O000H 1 CONTINUE « + o . o o  BYTE EXTERNAL(S) 324 343
o é CONTROLO S R LITERALLY
"::' é COUNTER_Zo L IS LITERALLY
o 49 O0B23H 34 COUT + 4 v 4+ 4 .+  PROCEDURE STACK=0004H 794 95 96 97 121 124 IS
128 129 130 146 158 170 171 184 185 187 188 193 194 195
) 207 210 218 221 244 245 244 255 257 258 289 90 291 292
o 304 312 33 314 NS 32
N 9 0000H 1 DAY_SIGHT, . . . ..  BYTE EXTERNAL(0) 296 301
i 14 0014 1 DONE . v v v 4 o4 BYTE 283 285 295 300 303 306 308 319
X 9 Q000H 1 EAST_WEST. . 4 v ..  BYTE EXTERNAL(4) 259
-Ta 9 O0000H 1 FINAL_TRACK. . . . .  BYTE EXTERNAL(3) 260
o 36 0952H 53 FIRST_PAGE . . . . .  BYTE ARRAY(S3) DATA
oA 261 OFDAH FLAG.SET 4 + » + v+  LABEL
S 262 OFETH FLAGLSET0 + » + . 4  LABEL
e 264 OFE7H FLAG.SET_! + . 4 . .  LABEL
2 247 OFEEH FLAG.SET_2Z v v 4 + 4 LABEL
- 270 OFEEH FLAG.SET.3 4 « + « +  LABEL
" 273 OFFSH FLAGLSET_ 4 . . . . .  LABEL
A 276 OFF9H FLAG.SET.S . . 4 . .  LABEL
-:.:': 279 OFF9H FL“G_SET_b ) LABEL
Nos 39 OAI3H 40 FOO. + o v v« « v . BYTE ARRAY(40) DATA 242
e 26 0S6AH 54 FODBAH. . » . « 4 .  BYTE ARRAY(S54) DATA 243
o: 117 OCBIH 382 GIVE_MENU. . . . . .  PROCEDURE STACK=0014H 198 248
i 22 OAE7H 26 GO_HOME. . . . . . .,  BYTE ARRAY(26) DATA 85
A 10 000SH 1 GONOW . ..., .. BYTE 199 229 235 252 253 254
2o 5 GRAPHICS_CLEAR . . .  LITERALLY
e 25 0547H 35 MELLO. + . s+ . .+  BYTE ARRAY(3S) DATA 197
- 27 0SAOH 26 MELLOCON. . . . . .  BYTE ARRAY(26) DATA 118
®: 5 HOME_CURSOK, + . + .  LITERALLY 130 171 188 195
ORI 10 0009H D P S T BYTE B0 81 82 B84 98 99 100 101
t.;' 63 0000M P2 WORD 45 66 67 68
. INPUT, o v v v W v v BUILTIN 5 47 5
Ve e e e LITERALLY 47 53

o 4 100ATA
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LITERALLY 5 9 1

T0STATUS « + o 4+ o
1 ITEM v oo v oo BYTE BASED(FROG_PTR) ARRAY(1) 75
! ITEN . v o v v oo BYTE PARAMETER AUTONATIC 50 53 :
S8 ITEM.1 .+« . ...  BYTE ARRAY(S8) DATA 13 3
141 ITEN2 .. v .o oo EYTE ARRAY(141) DATA 3 ]
243 ITEN3 .+« o 4o+ BYTE ARRAY(243) DATA 43
163 ITEN.8 . v o . .. EYTE ARRAY(163) DATA 13
130 ITENS . . o4 o .. BYTE ARRAY(130) DATA 3
145 ITEN& . .+ ... .  RYTE ARRAY(145) DATA 13
24 ITENFTRS.1. . o . .  POINTER AKRAY(6) DATA 99 100
S7 LASTFAGE. . + + + +  BYTE ARRAY(S7) DATA
2 LENGT. + o 4 v o v v NORD PARANETER AUTONATIC 72 M
LENGTH + v 4 v v v o BUILTIN 99
LINEFEED. o+« »  LITERALLY 25 2 7 B 29 30 3 32 B M P
3% 37 38 39 40 42 9 97 125 185 245 258 291 292
34 15
LOOF o« ¢ v o v v v  LABEL
36 LOWER_MOTOR. . . . .  BYTE ARRAY(34) DATA 89
MASK « v v v v v o LITERALLY 4
MAX_NENUNO. . . » .  LITERALLY 139
nENUOOOOOO.. LABEL
88 MENU1 . .+ .o+  PROCEDURE STACK=0010H 132 174
10 MEMU.Z o+« « 4o ..  FROCEDURE STACK=0002H 175
10 MEWU.3 . . v o o4 PROCEDURE STACK=000ZH 176
10 MENUA o ... ...  PROCEDURE STACK=000ZH 177
10 MENUS . .+ ...+  PROCEDURE STACK=0002H 178
I MENUDONE. . . ... BYTE 126 133 143 166
1 MEWUNG. v 0wy BYTE 127 139 141 151 153 173
1 OKowuwenonss BYE 135 142 154 164 168
1 OKLow o v v o s BYIE 199 202 208 240
1 OK2o o v v v o v o v BYIE 199 212 219 240
OK_I...QQOOQ LABEL
W_ZOocooooo LABEL
1 OUTDATA. o « + 4 » +  BYTE PARAMETER AUTONATIC 57 40
38 OUTPT. . » .o ..  PROCEDURE STACK=0004H 75 83 84 87 88 37 328 33
332 346
OUTPUT L S R SR BUILTIN 53 "
12 PAGE_CONMENT . . . .  BYTE ARRAY(12) DATA 93 N
PNTR « v« v o« v o POINTER PARAMETER AUTOMATIC b6 &7 ‘
I PREVIOUS_RESPONSE. .  BYTE 199 241 207
38 FRINT. o+ o4 o 4o PROCEDURE STACK=000CH 93 100 103 118 197 201 247 243
287 310
4 PROGFTR . . v o .  FOINTER PARAMETER AUTONATIC 2 75
1 POATA . v o v v o+ BYTE AT ABSOLUTE 80
34 RAISE_MOTOR. . o . o  BYTE ARRAY(34) DATA 322 :
20 REQUEST. . . ., ..  BYTE ARRAY(Z0) DATA 201
74 RESET_MOTORS . . . .  PROCEDURE STACK=0012H 192
1 RESPONSE » + 4 . 4 .  BYTE 92 106 109 112 115 119 120 121 122 136 137 149
161 199 226 237 237 241 247 251 286 288 289 293 298 309
M 32 36 38
1 RESP_IASCII . ... BYIE 203 204 205 207 227 234
1 RESP.INM , ..., BYIE 204 225 226 22
1 RESP_ZASCII ., .. BYIE 213 214 215 27 U8 223 228
1 RESP.2NUK .. ... BYIE 214 226
1 SAME « v v v 4 w4 BYIE 130 145 157 167
1 SCEWRIO ., . ... BYIE 251 261 3%
9 SCENARIO_BUFFER. . .  BYTE ARRAY(®) EXTERNAL(&) 227 228 233 234
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15 00184 1 SCENE . « « 4 . . .  BYTE ARRAY(1) DATA 135 g
16 O0019H 57 SCENE_L. . + . . ..  BYTE ARRAY(S2) DATA 334 ]
17 004DH 205 SCENE_Z. + + « « + »  BYTE ARRAY(205) DATA 337 .
18 O11AH 241 SCENE3. . . . . . .  BYTE ARRAY(241) DaTA 338 >
19 0208H 212 SCENE4. . + . . . .  BYTE AKRAY(212) DATA 339 =?
20 020FN 248 SCENES. . . . . ..  BYTE ARKAY(248) DATA 340
21 03D7H 272 SCENE6. « « o 4 « «  BYTE ARRAY(272) DATA 34
? SCENE_COUNT. . . . .  LITERALLY 237
b SETCOUNT + + « « « «  LITERALLY
SHRe o « o+ v v 4+ »  BUILTIN 45 58 -~
14 0012H 1 SIGHTFLAG . . ... BYIE 259 284 3
41 OAFH 60 SIGHT.@. . + +» . » »  BYTE ARKAY(40) DATA 287 -
35 0936H 28 SINGLE_PAGE. . . . .  BYTE AKRAY(28) DATA 103 ]
SIZE v v v v v v v+ BUILTIN BS 89 322 335 33 337 338 339 340 34! K
3 SPACE., v v v 4 o+  LITERALLY 233
9 O0000H 1 STARTING_TRACK . » .  RYTE EXTERNAL(1) 248 271 24 277 280 318 328 332
S7 FOOOH 1 STATCOM . . .. ..  BYTE AT ABSOLUTE 58
191 ODFFH 797 TANK_INIT. . . ...  PROCEDURE PUBLIC STACK=0018H
345 {1C6H 18 TAMK_KILLED. . . « .  PROCEDURE FUBLIC STACK=0008H
71 OBIH 38 TANK_FROG. + + + + .  PKOCEDURE STACK=000EH 85 89 322 335 336 337 338 339
340 341
326 111CH 170 TANKSTART » . . « .  PROCEDURE PUBLIC STACK=001ZH
9 0000H 1 TARGET_SNITCH. . . .  BYTE EXTERNAL(2) 260
TIME « v « o v o o« BUILTIN 54 131 172 189 196
11 000DH 1 TOTALY.OK. + . .. EYTE 199 200 238
1 OBOEM TON_START_UP_MODULE.  PROCEDUKE STACK=0000H
14 00134 1 TRACKLFLAG + . ... BYTE 260 265 307 329
42 OABBH 93 TRACK.O. . . . ... BYTE ARRAY(93) DATA 310
7 USART_COMMAND, . + .  LITERALLY
7 USART_CONTROL. . » »  LITERALLY
7 USART_MODE . . . . .  LITERALLY
5 VECTOR_MODE. » + « »  LITERALLY 128 193
252 OFBFH WAITGO. . + + .+ + .,  LABEL
KODULE INFORKATION:
CODE AREA SIZE = 11DSH  4548D
CONSTANT AREA SIZE = 0000H 00
VARIABLE AREA SIZE = 0017H 23D
HAXIMUM STACK SIZE = O01BH 24D
652 LINES READ
0 PROGRAM ERROR(S)
END OF PL/M-86 COMPILATION
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-tf_'. : SIS-II PL/M-86 V2.1 COMPILATION OF MODULE MAT_GRAFH

:.:{;: SJECT MODULE PLACED IN IF2:GRAPH,DEJ

< OMFILER INVOKED BY: PLMBé :F2ICRAFH.PLM DERUG LARGE OFTIMIZE(3) ROM MWORKFILES (:F2i4:F2!)

KAT_GRAPH: DO:
k 1 DECLARE XREG LITERALLY '{4H's
- YREG LITERALLY '16H'»
A GSCALE LITERALLY '1OH's
: SCROLL LITERALLY '12H'»
FLAGS LITERALLY '12H',
ERASE LITERALLY '14H';

r) v

301 DECLARE (XKEG_DATAs YREG_DATAs GSCALE_VAL) EYTE FUBLICS
§ 1 DECLARE (YANG_EYTE)ZANG_EYTE) EYTE PUBLIC
s 1 DECLARE BIT_BUCKET EYTE;
' DECLARE (XMINsYHIN:XHIN_TMP ) XMAX_THP+ YHIN_THP) INTEGER;
71 DECLARE (SIZsHALF _STZsYANG_SCALED+ZANG_SCALEDy YHAX s XMAX s THF
THF_WRD ONE_THIKD» THO_THIRDS) INTEGEK PUBLIC:
8 1 DECLARE {YANG_ETRD+ZANG_EIRD) INTEGER EXTERNAL;
1A 33 88000004800 000800080 803808808880 44338 880004380903 0333¢4404904448441
MAT_OUT OUTFUTS AN X»Y,GSCALE_VAL TO THE
MATROY. GRAPHICS UNIT.
FE R aeeeateteetonieetistteseediotioeteetdntcdtsdtvetettitstesteds
I © f  NAT_OUT: FROCEDURE PUELICI
o 10 OUTFUT (XREG) = LOM(UNSIGN(XMIN_THF));
o 12 OUTFUT (YREG) = LOK(UNSIGN(YNIN))}
122 OUTFUT (GSCALE) = GSCALE_VAL;
13 2 END MAT_OUT:
5 1 1 LINE} PROCEDURE PUELIC:
o 5 2 IF YHIN - 0 AND YHIN <= 255D THEN DO;
3 17 3 DO WHILE XMAX_THF >= XNIN_THF;
1 4 IF XMIN_THF "= G AND XNIN_TMF <= 255 THEN CALL NAT_OUT:
4 XNIN_THF = XMIN_THF + 1}
5 U END;
o 2203 BN
e 23 END LINE;
- LI MATROY_START_UF: FROCEDURE FUBLICS
L 25 2 OUTFUT (SCROLL) = 03
. 2 OUTPUT (GSCALE) = 0;
TR 72 BIT_BUCKET = INFUT (ERASE); /RXINITIATE ERASE CYCLER/
: 8 2 DO WHILE (NOT(INFUTFLAGS)))i /x WAIT TILL KATROX IS FINISHED ERASING x/
S 29 3 END;
L W2 END MATROX_START_UF;
: 31 MATROX_DRAW: PROCEDURE PUBLIC:
~ 3 YANG_SCALED =YANG_EIRD: /X WAS YANG_BIRD / 4 %/
- 32 2 IANG_SCALED =ZANG_BIRD: /X WAS ZANG_EIRD / 4 x/
o
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KL I YANG_BYTE = LON(UNSIGN(YANG_SCALED + 127D))}
B 2 ZANG_KYTE = LOWC(UNSIGN{ZANG_SCALED + 127D));

HALF_SIZ = SI2/2 i

% 2 :
3 2 XMIN = (1270 + YANG_SCALED) - HALF _SIZi -
38 2 YHIN = (1270 + ZANG_SCALED) - HALF_SIZi =
39 2 XMAX = (127D + YANG_SCALED) + HALF _SIZ; -
%0 2 YMAX = (127D + ZANG_SCALED) + HALF_SIZi L
M 2 TP =SILS P
42 2 ONE_THIRD = YHIN + THF; R
43 2 THO_THIRDS = YNIN + (TF ¥ 2)i o
" o2 DO WHILE YMIN <= ONE_THIRD; P
45 3 TNF_WRD = ONE_THIRD ~ YNIN; 1
% 3 AMIN_THP = THF_WRD + XMINS A
3 XMAX_THE = XMAY - THF_WRD; -
8 3 CALL LINE}

% 3 YNIN = YHIN + 15

so 3 ENDS
S 2 DO WHILE YMIN <= THO_THIROS

523 XHIN_THF = XHIN;
533 XNAX_THF = XMAX;

4 3 CALL LINES
55 3 YNIN = YHIN + 1}

56 3 END:
ST 2 DO WHILE YNIN = YMAXi

56 3 THF_WRD = YHIN - THO_THIRDS;
59 3 XNIN_THP = THP_WRD + XNIN;

80 3 XMAX_THF = XNAY - THF_WRD;
61 3 CALL LINE:

2 3 YNIN = YHIN + 13

43 3 END:

44 2 END MATROX_DRAW;
65 1 END;

Ve MODULE INFORMATION:

e CODE AREA STZE 017S5H 3730

Yy CONSTANT AREA SIZE = 000ON oD
" VARTABLE AREA SIZE = 0024 36D
- MAXIMUK STACK SIZE = 001ZH 180

89 LINES READ
0 FROGRAM ERROR(S)

END OF FL/M-B4 COMPILATION
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ISIS-II PL/M-86 V2.1 COMPILATION OF MODULE SMOKE
OBJECT MODULE PLACED IN :F2:SMOKE.OBJ
COMPILER INVOKED BY: PLMBé F2ISMOKE.PLM DEBUG LARGE OPTIMIZE(3) ROM WORKFILES ((F2iyiF2!)
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SHOKE: DO
DECLARE (SERIES_NOs DONE. BACKGROUNDs FATH) BYTE PUBLICS

DECLARE FLAGS LITERALLY '1ZH'i

DECLARE GSCALE LITERALLY ‘10H':

DECLARE (GSCALE_VAL»DATA_RDY1»BIKD_DT_RDY+V_REF_FLAGsH_REP_FLAG) BYTE EXTERNAL:
DECLARE (SAVE_YANG_EIRD, SAVE_ZANG_EIRD) INTEGER PUBLIC;

DECLARE SIZ INTEGER EXTERNAL:

DECLARE SAVE_SIZ INTEGER:

DECLARE (SAVE_NEN_YANG_BIRD»SAVE_NEW_ZANG_BIKD:SAVE_NEN_SIZ) INTEGER;
DECLARE (DISTANCE) WORD EXTERNALS

DECLARE (YANG_EIRDsZANG_BIRD) INTEGER EXTERNAL;

DECLARE ERASE LITERALLY *14H'}

DECLARE COUNT_DOWN BYTE:

DECLARE COUNT_DOWN_INIT_VAL LITERALLY '3'3

MATROY_DRAM! FROCEDURE EXTERNAL ¢
END MATROX_DRAW;

OUTPUT_SMOKE: FROCEDURE:
DECLARE BIT_BUCKET BYTES
QUTPUT (GSCALE) = BACKGROUND
BIT_BUCKET= INPUT (ERASE)/
END OUTPUT_SHMOKE

GET_GV_AND_SIZ: PROCEDURE PUEBLICS

IF DISTANCE <= 300D THEN DO¢ /x WAS 300 x/
SIZ = 10Di

GSCALE_VAL = 130+

GOTO SKIFi

END;

IF DISTANCE > 300D AND DISTANCE <= 4000 THEN DO}
SI1Z = 903

GSCALE_VAL = 1503

GOTO SKIFi

END;

IF DISTANCE > 400D AND DISTANCE <= 5000 THEN DO$
SIZ = BDi

GSCALE_ VAL = 1503

GOTO SKIPi

END}

IF DISTANCE > 5000 AND DISTANCE <= 600D THEN DO:
517 = 7D}
GSCALE VAL = 15D;
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GOTO SKIF;
END}

IF DISTANCE > 600D AND DISTANCE <= 700D THEN DO}
SIZ = &Di

GSCALE_VAL = 15D}

GOTO SKIP}

END}

IF DISTANCE > 7000 AND DISTANCE <= 900D THEN DO:
§17 = 5D}

GSCALE_VAL = 150+

GOTO SKIF;

END:

IF DISTANCE * 900D AND DISTANCE <= 10000 THEN DO}
S1Z = 4D}

GSCALE_VAL = 13D;

6070 SKIP;

END}

IF DISTANCE > 1000D AND DISTANCE <= 11000 THEN DO;
SIZ =304

GSCALE VAL = 13D;

GOTD SKIFi

END}

IF DISTANCE > 11000 AND DISTANCE <= 1200D THEN DO;
SIZ = 20+

GSCALE_VAL = 1503

GOTO SKIF;

END}

IF DISTANCE > 12000 AND DISTANCE <= 13000 THEN DO:
SIZ = 1D}

GSCALE_VAL = 1503

GOT0 SKIPi

END;

IF DISTANCE > 13000 THEN GSCALE_VAL = 13D+

o3 ietitidititinietotedtitteioitstetdtititistatitteitiis]
IF DISTANCE : 14000 AND DISTANCE <= 15000 THEN GSCALE_VAL
IF DISTANCE : 15000 AND DISTANCE <= 1600D THEN GSCALE_VAL
IF DISTANCE > 14000 AND DISTANCE = 17000 THEN GSCALE_VAL
IF DISTANCE > 17000 AND DISTANCE <= 1800D THEN GSCALE_VAL
IF DISTANCE > 1800D AND DISTANCE <= 19000 THEN GSCALE_VAL
IF DISTANCE - 19000 AND DISTANCE <= 20000 THEN GSCALE_VAL
IF DISTANCE > 2000D AND DISTANCE <= 2100D THEN GSCALE_VAL
IF DISTANCE > 21000 AND DISTANCE <= 22000 THEN GSCALE_VAL
IF DISTANCE > 2200D AND DISTANCE <= 23000 THEN GSCALE_VAL
IF DISTANCE > 23000 AND DISTANCE <= 24000 THEN GSCALE_VAL = 1:

IF DISTANCE > 24000 AND DISTANCE <= 25000 THEN GSCALE_VAL = 0:

1200 tisietititttiedtitoesteititesiittedistedsesitidliitititissiiiyy
SKIF: ENDj

10D+
93
8
74
i
3
4
3
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SMOKE_INIT: PROCEDURE PUBLIC/
SERIES_NO = 0i

DONE = 0i

BACKGROUND = 0;

COUNT_DOWN = COUNT_DOWN_INIT_VAL:
END SMOKE_INIT)

SMOKE ¢ PROCEDURE PUBLIC:

DO CASE SERIES_NO;

SERIES_0: DO:

BACKGROUND = BACKGROUND + 1

IF BACKGROUND = 15D THEN SERIES_NO = SERIES_NO + 1}
END;

SERIES_1: DO

BACKGROUND = BACKGROUND - 13

IF BACKGROUND = 8 THEN SERIES_NO = SERIES_NC + 13
END}

SERIES_2: 00}

BACKGROUND = BACKGROUND + 1}

IF BACKGROUND = 15D THEN SERIES_NO = SERIES_ND + 1}
END;

SERIES_ 3! DO}

BACKGROUND = BACKGROUND - 17

IF BACKGROUND = 4 THEN SERIES_NO = SERIES_NO + 1i
END}

SERIES_4: DO/

BACKGROUND = BACKGROUND + 1}

IF BACKGROUND = @ THEN SERIES_NO = SERIES_NO + 1}
ENDi

SERIES_S! 0Oi

BACKGROUND = BACKGROUND -1;

IF BACKGROUND = 0 THEN SERIES_NO = SERIES_NO +1;
END}

SERIES_6: DO

RACKGROUND = 03

DONE = 1i
END+

END}

END}

OCTAGON_DRIVER: FROCEDURE PUBLIC:

IF NOT (V_REP_FLAG OR H_KEP_FLAG) THEN DO;

COUNT _DOWN = COUNT_DOWN -1}
IF (NOT DONE) Ok (COUNT_DOWN = 0) THEN DO;
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3 136 4 IF DONE THEN ;{
- 137 4 00 -
e 138 S GSCALE_VAL = BACKGKOUND; g

" 139§ PATH = 0; =

b 140 S SAVE_NEN_YANG_BIRD = YANG_BIRD; :
L 14 5 SAVE_NEN_ZANG_RIRD = ZANG_BIRD;

e 152 5 SAVE_NEN_SIZ = SIZ}

- 143 5 YANG_BIRD = SAVE_YANG_BIRD

o 144 S ZANG_BIRD = SAVE_ZANG_BIRD:

=~ 145 5 SIZ = SAVE_SIZ;

a 146 S IF (INPUT(FLAGS)) THEN CALL MATROX_DRAW:

- 148 S YANG_BIRD = SAVE_NEW_YANG_EIRD;

e 145§ ZANG_BIRD = SAVE_NEW_ZANG_BIRD;

- 15 S SIZ = SAVE_NEW_SIZ:

) 151 S END

152 IF DISTANCE < 100D THEN PATH = 1;

5 154 IF PATH = 1 THEN

o 155 DO}

A 156 CALL SMOKE:

CALL SHOKE?

—
o
~

Mt Lt n N o o .

o 158 IF (INPUT/FLAGS)) THEN CALL OUTPUT_SMOKE;

Ay 160 PATH = 0;

e 181 END:

< ELSE

- 162 4 D0

o 183 S CALL GET_GV_AND_SIZ;
i- 164 S IF BACKGROUND = GSCALE_VAL THEN GSCALE_UAL = BACKGROUND:

o 166 5 D0 WHILE WOT EIRD_DT_RDY:

Y 167 4 IF DATA_RDY1 THEN RETURN;

e 167 4 END:

) 170 S SAVE_YANG_EIRD = YANG_EIRD:

- 71 5 SAVE_ZANG_EIRD = ZANG_BIRD;

" 172§ SAVE_SIZ = SIZ;

e 172 5 IF (INPUT(FLAGS)) THEN CALL MATROX_DRAW;

R 175 S FATH = 1

I 176 5 END;
o 177 4 IF COUNT_DOWN = 0 THEN COUNT_DOMN = COUNT_DOWN_INIT_VAL; o
o 179 4 ENDi -
e 180 3 END;

e 181 2 END} -
o 182 1 END; -
e >
-0 .
N HODULE INFORATION:

A

.; CODE AREA SIZE = 036FH 879D

= CONSTANT AREA SIZE = 0OOOH 0D
e VARTAELE AREA SIZE = 0012H 18D

-7 MAXINUM STACK SIZE = 000AH 10D

o 212 LINES READ

o

- 'y
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PL/M-84 COMPILER  SMOKE

0 PROGRAM ERROR(S)

END OF PL/N-86 COMPILATION

147

_...all . . .
Ll Y e e s

(IS T SO T T S
P D I ™
deandnadhadundentondii

ke

e e
e
RO

.'wi...

"

oA
... . e
L.

Ve s



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

ISIS-II PL/M-86 V2.1 COMPILATION OF MODULE GAE
OBJECT MODULE PLACED IN :F13GAE.OBJ
COMPILER INVOKED BY: PLM86 F1:GAE.PLM DEBUG LARGE OPTIMIZE(3) ROM WORKFILES (!F1:s:F1})

1 GAE: DO} ey
2 1 DECLARE (START BIT,B_Y+B_Z» DATA_RDY1,BAD_MISSs OFFSET_Y» OFFSET_Zs
V_REP_FLAGsH_REP_FLAG+DAY_SIGHT)BYTE EXTERNAL:

(YANG_BIRD+ZANG_EIRD) INTEGER EXTERNAL,

(BIRD_DT_RDY, BIRD_KITS: BIKD_MISSES» H_REP_RQ»
H_REP_GOsV_REP_R@yV_REP_GO+ GRND_BIRDs» END_REPRISE» FELL_SHORT)
BYTE EXTERNAL,

(H_NISS_ASCIIsV_HISS_ASCII,X_MISS_ASCII) (22) BYTE EXTERNAL:
AUTO_BORESIGHT BYTE EXTERNAL,

DISTANCE WORD EXTERNAL:

FAR_TARGET BYTE EXTERNALS

I 1 DECLARE STARTING_TRACK BYTE EXTERNAL:

1 1 DECLARE (OFFSET_Y1,0FFSET_YZ,OFFSET_Y3+0FFSET_Z1,0FFSET_Z2,0FFSET _23)
RYTE PUBLIC:

3 1 DECLARE (NOFFSET_Y1+NOFFSET_Y2sNOFFSET_Y3sNOFFSET_Z1sNOFFSET_ZZ»NOFFSET_I3)
BYTE PUBLICS

6 | DECLARE ALFHA_MODE (2) BEYTE DATA (350,370)3
7 1 DECLARE POINT_MODE (2} EYTE DATA (350,340)4
8 1 DECLARE VECTOR_MODE (1) BYTE DATA {350)}
9 1 DECLARE ADM3_MODE (3) BYTE DATA {350,3705300);
10 1 DECLARE BUFFER (10} BYTES
1 1 DECLARE (YCNTZCNT) EYTE PUBLICY
12 1 DECLARE (GAE_OFFSETsH_X_GRAPHIC_POINT» H_Y_GRAFHIC_FOINT) WORD:
13 1 DECLARE Y_SCALE_FACTOR LITERALLY ‘820'}
14 1 DECLARE FASS EYTE;
15 1 DECLARE FAST BYTE PUBLICH
16 1 DECLARE ERR_MSG (X} BYTE DATA (350+400+1400s500+12301370s
'RRRERROR LINIT EXCEEOED®EX',350)}
vt PRINT: PROCEDURE (MESSAGEs MSG_LENGTH) EXTERNAL}
18 2 DECLARE MESSAGE POINVER}
19 2 DECLARE MSG_LENGTH WORD}
20 2 END FRINT:
21 1 GAE_INIT: PROCEDURE PUBLICH
22 2 BUFFER (0) = 340i
23 2 BUFFER (1) = 340}
4 2 BUFFER (2) = 340}
5 2 BUFFER (3) = 340;
26 2 BUFFER (4) = 340}
72 BUFFER (5) = 3603
8 2 BUFFER (6) = 360}
29 2 BUFFER (7) = 340;
0 2 BUFFER (8) = 3640}
I 2 BUFFER (9) = 340
2 2 FAST = ¢;
e 2 DISTANCE = 0i
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H_X_GRAPHIC_POINT = 0
H_Y_GRAPHIC_POINT = 0i
BAD_MISS = 0}
AUTO_BORESIGHT = 0}
END GAE_INIT;

GRAPH_GAE: PROCEDURE PUBLIC)

DECLARE TEMP WORD}

IF AUTO_BORESIGHT = 1
THEN DO}
IF DAY_SIGHT THEN DO CASE (STARTING_TRACK AND O3H);

L

0o’
OFFSET_Ys DFFSET_Y1 = OFFSET_Y1 + {139 - B_Y)}
OFFSET_Z» OFFSET_Z! = OFFSET_Z1 + (100 - B_2)}
END:

00;
OFFSET_Y: OFFSET_Y2
OFFSET_Zr OFFSET_12
END}

DO}
OFFSET_Y» OFFSET_Y3 = OFFSET_Y3 ¢ (100 - B_Y)}
OFFSET_Z» OFFSET_Z3 = OFFSET_Z3 + (100 - B.2):
END}

ENDi /x DAY_SIGHT DO CASE x/

OFFSET_YZ + (100 - B_Y)$
OFFSET_22 + (100 - B_2)i

1F NDT DAY_SIGHT THEN DO CASE (STARTING_TRACK AND O03H)}

Do:
OFFSET_Yy NOFFSET_Y! = NOFFSET_Y1 + (100 - B_Y)$
OFFSET_Z» NOFFSET_Z1 = NOFFSET_Z1 + (100 - B_2)}
END$

bo;
OFFSET_Y, NOFFSET_Y2 = NOFFSET_Y2 + (100 - B_Y)}
OFFSET_Z» NOFFSET_Z2 = NOFFSET_Z2 + (100 - B_.D)}
END;

DO;

OFFSET_Ys NOFFSET_Y3 = NOFFSET_Y3 + (100 - BE_Y)}
OFFSET_Zy NOFFSET_23 = NOFFSET_Z3 + (100 - B.2)}
END;

END} /3 NIGHT_SIGHT DO CASE =/

IF OFFSET_Y >
IF OFFSET.Z >

20 THEN CALL PRINT(PERK_MSGs LENGTH(ERR_MSG))#
20 THEN CALL PRINT(@ERK_MSGs LENGTH(ERK_MSG))i

AUTO_EORESIGHT = 03
END} /3 IF AUTOD_BORESIGHT x/
IF NOT BAD_MISS THEN

DO;
YONT = B_Y}
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g4 3 ICNT = B_Z; 5

85 3 END; :

B 2 FAST = 1 0
ﬁ

g7 2 IF PASS = 0 THEN DO; I
o

89 3 TEMP = (YCNT x 79D) / 20D -
|

9 3 IF YCNT < 1000 THEN

91 3 00

92 4 H_X_GKAFHIC_POINT = (3950 - TENP);

93 4 IF H_REF_FLAG OR V_REP_FLAG THEN H_X_GRAPHIC_POINT = H_X_GRAPHIC_POINT/2;

95 4 H_X_GRAPHIC_POINT = H_X_GRAFHIC_POINT + GAE_OFFSET;

% 4 END;

97 3 ELSE DO

9% 4 H_X_GRAPHIC_POINT = (TENP - 395D);

9 4 IF H_REP_FLAG OF Y_REF_FLAG THEN H_X_GRAFHIC_FOINT = H_X_GRAPHIC_POINT/2:

101 4 H_X_GRAPHIC_POINT = GAE_OFFSET - H_X_GRAFHIC_FOINT;

102 4 END;

103 3 IF H_X_GRAFHIC_FOINT 10000 THEN H_X_GRAFHIC_FOINT = 10000

105 3 IF H_X_GRAFHIC_FOINT < O THEN H_X_GRAPHIC_POINT = 0;

107 3 IF FAR_TARGET THEN H_Y_GRAPHIC_POINT = (DISTANCE + 30D / &; ?

109 3 ELSE H_Y_GRAPHIC_POINT = (DISTANCE / 3 + 00 N

10 3 IF H_Y_GRAPHIC_FOINT > 7790 THEN H_Y_GRAPHIC_POINT = 779D 5

112 3 END 4
1
n

13 2 ELSE 00} 2

14 3 TEMP = (ZCNT x 790) / 200 2
g

115 3 IF ZCNT < 100D THEN L |

e 3 00 3

117 4 H_X_GRAPHIC_POINT = (3950 - TEWF); -

118 4 IF H_REF_FLAG OR V_REP_FLAG THEN H_X_GRAPHIC_FOINT = H_X_GRAFHIC_FOINT/Z; 1

120 4 H_X_GRAPHIC_FOINT = GAE_OFFSET - H_X_GRAPHIC_POINT; -

121 4 END; ri
~

122 3 ELSE DO0; N

123 4 H_X_GRAPHIC_POINT = (TEMF - 395D)} 4

124 4 IF H_REP_FLAG OR Y_REF_FLAG THEN H_X_GRAPKIC_FOINT = H_X_GRAFHIC_FOINT/Z; 1

126 4 H_X_GRAPHIC_POINT = GAE_OFFSET + H_X_GRAPHIC_POINT;

127 4 END;

128 3 IF H_X_GRAPHIC_POINT >10000 THEN H_X_GKAFHIC_POINT = 10000;

130 3 IF H_X_GRAFHIC_POINT < O THEN H_X_GRAFHIC_POINT = 0;
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IF FAR_TARGET THEN H_Y_GRAPHIC_FOINT = (DISTANCE + 360D} / 4}
ELSE H_Y_GRAPHIC_POINT = (DISTANCE / 3) + 60D}

IF H_Y_GRAPHIC_POINT > 779D THEN H_Y_GRAPHIC_POINT = 7790;
ENDi

OUTPUT: DO;
BUFFER (0) = 340} /x GO TO POINT_MODEX/
BUFFER (1) = (SHRK (H_Y_GRAFHIC_POINT,S) AND 00011111B) OR 00100000B}
BUFFER (2) = (K_Y_GRAPHIC_POINT AND 000111118) OR 011000008}
BUFFER (3) = (SHR (H_X_GRAPHIC_POINT,S) AND 00011111E) OR 001000008}
BUFFER (4) = (H_X_GRAPHIC_POINT AND 00011111E) OR 010000008:
IF BAD_NISS THEN

00;
BUFFER (S) = 3707 /x GO 7O ALPHA MODE &/
BUFFER (&) = 520%  /» SEND ASTERISK x/
CALL  PRINT (RBUFFERs 7)$

END}

ELSE DO

CALL  FRINT (@BUFFER+3)}

END$
END;

END GRAPH_GAE}

GAE_DRIVER: PROCEDURE PUBLIC:

DOi

IF V_REP_FLAG = 1 THEN DOi
GAE_OFFSET = 47303

PASS = 0f

CALL GRAPH_GAE}
GAE_OFFSET = 300Di

PASS = 1i

CALL GRAPH_GAE?

BAD_NISS = 0}

END}

IF H_REF_FLAG = 1 THEN DO;

GAE_OFFSET = 4730;  /® THERE ARE 20 GU'S PER METER OURING REFRISE x/
PASS = 0i /2 IN THE HORIZONTAL WISSILE FLOT (PASS 00, %/
CALL GRAPH_GAE:

GAE_OFFSET = 22503  /x THERE ARE 20 GU'S PER METER DURING REPRISE x/
PASS = 1§ /2 IN THE VERTICAL MISSILE PLOT (PASS 1). ¥/
CALL GRAPH_GAE:

BAD_NISS = 0}

END;

IF NOT (H_REF_FLAG OR V_REF_FLAG) THEN DO
GAE_OFFSET = 473D;

FASS = 04

CALL GRAFH_GAE}

GAE_DFFSET = 25303

PASS = 1}

CALL GRAFH_GAE:
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BAD_MISS = 0i
ENDS

END;

END GAE_DRIVER:
ENDi

1685
186
187
188
189

—rJ G s

HODULE INFORMATION:
CODE AREA SIZE 0550H 13600

CONSTANT AREA SIZE = 0000H 0D

VAKIAELE AREA SIZE = 0022H 34D

- WAXTNUN STACK SIZE = 0016H 22

227 LINES READ

h 0 PROGKAM ERROR(S)

END OF PL/M-86 COMPILATION
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ISIS-I1 MCS-86 MACRO ASSEMBLER V2.1 ASSEMBLY OF MODULE EXPLOSION
OEJECT MODULE FLACED IN :F1:EXP.OBJ
ASSEMBLER INVOKED BY: ASM84 iF1IEXF.SRC DEBUG

LOC OBJ LINE  SOURCE
1 NAME  EXPLOSION
2
3 PUBLIC HIT_EXPLOSION,GROUND_EXPLOSIONsSET_FLGsRESET_FLG
q
S CGROUP GROUP  CODE
6
7 DATAGROUP  GROUP  DGROUP:DATA_FOR_EXP !
8 ASSUNE CS:CGROUP+DSDATA_GROUP :
9
—-- 10 DGROUP SEGMENT PUBLIC 'DATA’ *
11 EXTRN START_BIT!EYTE, DATA_ROY1:EYTEs YANG_BYTEIEYTE. ZANG_BYTEIEYTE i
—- 12 DGROUP ENDS .
13 ;
14 \
15 K
- 16 DATAFORLEXF  SEGMENT FUELIC 'DATA’
0014 7 XREC B 14M l
0016 18 YREG EU 1M b
0010 19 GSCALE B 10H 1
0012 20 SCROLL U 12w
0012 M FLAGS QU 12H
0014 22 ERASE U 14
3
0000 77 24 Y_L0C B2
0001 27 2% 2.10C B 2
0002 77 2% Y_LOC_THF I
0003 77 27 LLOC_THF g 9
0004 72 28 Y_DOT_THF 9
0005 2 29 7.00T.THF & 2
0006 77 3 OFFSETI £ 2
2007 77 3 OFFSETZ & 2
0008 77 2 FIRST.TINE  DE 9
0005 27 33 CSCALEVALUE DE 2
0004 77 M CRND_EXF BE 2
0008 77 35 FRMCREFLC DB 2
—-- 3% DATAFOREXP  ENDS
7
38
29
- 4  CODE  SEGMENT FUBLIC 'CODE'
A
0000 8 SETFLG PROC FAR
0000 1E 9 PUSH DS
0001 E8---- R M MOV AX,DGROUP
0004 BED8 15 MOV DSyAX
0006 Co04080001 R % MOV FRMGRE_FLG:1
000E 1F 47 POF DS
_ ¢00C CE 48 RET
2 9 SETFLG ENDF
._._'.. 90
I
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e LoC Ok LINE  SOURCE
SN
o 0000 1 RESET_FLC FROC FAR
o 0000 1E 52 PUSH DS
T 000F E§---- R 53 MDY AX:DGROUF ‘
b 0011 BEDB 54 WOV DSy i
0013 C6060E0000 R 55 MOV FRAGRE_FLG+0 1
0018 1F 56 FOF LS 3
0019 CE 57 RET 3
56 RESET_FLE ENDF R
59 3
0014 60 GROUNC_EXFLOSION FROC  FAR
001A 1E 61 FUSH DS
001F E8---- R 2 MOV A¥»DGROUF
001E BEDE 63 WY DSAX By
0020 Co060A0001 R 84 MOV CRND_EXFol -]
0025 £81200 5 CALL  HIT_EXF r
0026 C406080000 R bé MOV GRNL_EXFiG ‘]
0020 1F 7 FOF DS ]
002€ CE 68 RET 5
49 GROUND_EXPLOSION ENDF
70
002F 7 HIT_EXFLOSION FROC  FaF
002F 1E 7 PUSH Dt
0030 B8---- R 3 MOU 4 DLROUF
0033 8ED8 74 WOV DEeaY
0035 £8020) 75 CALL  HIT_E¥f
0038 1F 76 FOF DS
0039 CE 77 RET
76 HIT_EXFLOSION ENDF
0034 80  MIT_EXF PROC  NEAR
0034 C406080001 R 81 MOV FIRST_TINE-1
003F C606060601 R 2 WOV 0-FSETI!
0044 (676070001 R 83 MOV OFFSETZe1
004 C60609000F R 84 MOY  GSCALE_VALUEs15D
04E EB6AL0 5 CALL  BET_X.Y
0051 E8800C 86 CALL  DRAW -
0054 BOJEOEO001 R 87 CNF FRMGRE_FLG+ iIF ONE THEN WE ARE DONE °
0059 745€ 88 JE DONE_WITH_EX® PWITH FRAGRE EXFLOSION
005E E33000 8% CALL  GET_X.Y
00SE BOGAOZ0G0Z R 50 ADL  Y_LOC_TNF+3
0063 8005039000 K 91 ADD  Z_LOC_THF W
0068 EBAOGC 92 CALL  DRAW
006 EG4LAL 93 CALL  GET Y.y
005 B02E020003 K 94 SUE Y_LOC_TKFZ
0073 8006030000 K 95 ADD  Z_LOC_THF.0
0078 EBS900 9¢ CALL  DRAW !
2678 B02EGA0001 F 97 CHF GRND_EXF.1
0080 7437 98 JE DONE _WITH_EXF o
0082 £83500 9 CALL  GET_%_v
0085 B80060200C5 3 100 ADD Y_LOC_TMF.5 s
0084 8006030005 K 101 ADD  Z_LOC_THF.S i
008F E8420¢ 102 CALL  DRAW
009% E82607% 103 CALL  GET_X.Y
0095 B0Z£020005 R 104 SUB Y_LOC_THFS
0094 80ZE030005 R 103 SUE  Z_LOC_THFS
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Loc Ot LINE  SOURCE
009F £83200 106 CALL  DRAM
0087 E81600 107 CALL  GET_X_Y
005 8006020000 R 108 ADL Y_LOC_THP»0
00AA 8006030008 R 109 ADD  Z_LOC_TMF.8 i
00aF EB2200 110 CALL  DRAW
00EZ BN3E0AOOO1 R 11 CHF GRND_EXPs1 i
0OE7 7400 112 JE DONE_WITH_EXF 1
0089 90 113 DONE_WITH_EXP! NOP
00EA C3 114 RET
115 HIT_EXP ENDF
116
117 i
00EE 118 GET_X_Y FROC  NEAF ;
00EE BA360000 £ 119 MOV DH»YANG_BYTE ]
00EF 88360300 R 120 MOV Z_LOC_THPsDH :
00C3 88360500 R 121 MO Z_DOT_THF.OH i
00C7 8A160000 £ 122 MOV DL, ZANG_BYTE
D0CE 88160200 R 123 HOU  Y_LOC_THPYOL )
00CF 88160400 R 124 KOV Y_DOT_THF DL \
0003 (3 125 RET \
26 GETXY ENDF 1
127 )
0004 128 DRAW FROC  NEAR
0004 8A1ENT00 R 129 MOV EL.Z_LOC_THF
0008 881ECSC0 3 130 WOV Z_DOT_TMEsEL
000C A00200 3 131 MOV ALsY_LOC_THF
00DF A20400 K 137 KOV Y_DOT_THF:AL
00E? E38101 133 CALL  OUTPUT_EXF
00E5 EB930! 134 CALL  DELAY
135
00EE BAIECS0D R 136 DRAW_W_OFFSETI: MOV  BL,Z_DOT_THF
GOEC A00400 R 137 MOV ALsY_DOT_TMF
OOEF 021E060G K 138 ADD  EL.OFFSETY
3072 £87001 139 CALL  OUTFUT_EXF  5(XsY+OFFSET1)
o 140
S 09Fe BOJEDAGOOY R 141 CMF GRND_EYF:1 iSKIF THIS IF GROUND EXFLOZION 3
R QOFE 740E 142 JE NOT_HIT -
tj; . COFD BALEQS00 F 143 MOV ELsZ_DOT_THF N
t}‘ : 0101 ACC400 K 144 MOV AL,Y_DOT_TMF 1
- 4194 241€0600 F 145 SUE  BL,OFFSETI
E' 0108 EBSRO1 14¢ CALL  OUTFUT_EXF 5 (XsY-OFFSETY) #
o 147 R
o 010E 8AIE0500 R 148 NOT_HIT! WOV EL,2_DOT_THP N
E:.::. J1OF 400400 R 149 MOV AL,Y_DOT_THF 2
bix:: D112 02060600 R 150 ADD  ALsOFFSETY -
‘e, 0114 ER4DOY 151 CALL  OUTFUT_EXF i (X+OFFSETI:Y) 3‘
g 152
o 0119 400498 R 153 MO ALyY_DOT_THP R
F}Tg : 0110 BAIEOSAC F 154 MOV ELZ_DOT_THF ¥
o 2120 ZAD8NSON 3 155 SUE  ALsOFFSETY }
pe 0124 EB3FN 156 CALL  OUTFUTEXP i (X-OFFSETL,Y) y
“qr 1s” 1
'. 0127 400400 K 158 MOV AL+Y_DOT_THF %‘
e 0124 BAIE0S00 R 59 M0U  ELs2_DOT_THF 3
" 012€ 02050600 K 160 ADD AL»CFFSETY -
P .
o ]
e 155 : +
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LOC OE LINE  SOURCE -
0132 071E0600 K 141 ADD  EL,OFFSETI -
0136 £82001 162 CALL  OUTFUT_EYF P (X+OFFSET1Y+OFFSETI fj
163
0139 BOIEOADOO] R 164 CNF GRND_EYFy1 :ﬁ
013E 7424 145 JE NOT_HITZ iSKIF IF GROUND EXFLDSION s
0140 8A1E0500 R 166 KOV ELsI_DOT_THF g
0144 A00400 R 147 MOV ALsY_DOT_THF "
0147 2A1E0400 R 168 SUE  EL,OFFSET! 3
0148 02060600 R 169 40D ALsOFFSETY ~4
014F E81401 170 CALL  OUTFUT_EXP § (X+OFFSET1,Y-OFFSETD) :
171
0152 AD0400 K 172 MOV ALsY_DOT_THF 3
9155 BALENS0) 3 173 MOV EL.I_DOT_THF g
0159 2404060( 3 174 SUE  HLiOFFSETH -
015D TAIENSM) 3 175 SUE  EL.OFFSETY ;j
0161 EB020! 176 CALL  OUTFUT_EF +{X-OFFSET1yY-OFFSETL) K
177 i
0144 BAIEQS00 K 178 NOT_HIT2! WOV EL.Z_DOT_TAF N
e 0168 A00407 K 179 MOV ALsY_DOT_THF '
L 016 021E040C R 180 ADD  BL.OFFSETI “
~ 2 NIAF ZAD60400 R 181 SUE AL.OFFSETY ;;
- 0172 EBFO0L 187 CALL  OUTFUT_EXF P (X-OFFSET1,Y+0FFSETT) B
.- 183 1
T 017¢ EB0201 184 CALL  DELAY B
0179 FE040600 K 185 INC OFFSETY K
0170 B03EGLD004  F 185 CHP OFFSET1.100 ]
0182 7474 187 JEE S_DRAK_N_OFFSET] >
0184 B0O3EOEN001 K 188 CHF FRMGFE_FLGs1  jCHECK TO SEE IF WE'RE IN THE ~
189 iFRAME GRAEEING MODE L
0189 7414 190 JE S_GO_EACK e
2BE (406080001 R 191 HOU  FIRST_TIME.1 ]
019¢ C406090000 K 192 KOV GSCALE_VALUE+G iSET DATA LEVEL TO ELACK 1
0195 A00400 k 193 MOV ALs7_DCT_THP
0198 8AIECSHC F 194 KOV ELsZ_DOT_THF
019C E8CT00 195 CALL  OUTFUT_EXF
019F EBD0C 19¢ CALL  DELAY
01AZ EEO79) 197 JHF DRAW_N_OFFSET?
01A5 E9EC00 198 S_GO_EACK: JHF O GO_BACK
0148 E930FF 199 S_DRAW_W_OFFSETI: JHF DRAW_W_OFFSETY
200
014 8AIENS00 K 201 ORAN_W_OFFSETZ! mOV  EL.Z_DOT_THF
OLAF AODA0G 3 202 MOV AL.Y_DOT_THF
01E2 DZ1E6700 R 203 ADD  EL-OFFSET:
01E¢ AD0400 F 204 MOV AL.Y_DOT_THF
0169 E6AADD 20¢ CALL  OUTFUT_EXF § X+ Y+OFFSET2)
01EC BAIEOS00 R 206 MOV BLZ_DOT_THP
0100 A00400 K 207 KOV ALsY_DOT_THF
01C3 2A1E0700 K 208 SUE BLyOFFSET?
0107 £89C00 209 CALL  OUTPUT_EXF Y Y-OFFSET D
G1CA BAIE0S00 K 210 KOV ELv7_DOT_THF
O1CE AGNAGE 3 38 MOV AL+Y_DOT_THF
] 0101 02060760¢ K 212 ADL: AL OFFSET?
. 0105 EBBEO 213 CALL  OUTFUT_EXF SOGOFFSETZ oY)
: 0108 A00400 R 214 MOV AL+Y_DOT_THF
. 010F BA1E0500 K 15 W)U EL.I_DOT_THF
156
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a R A S A e N A AR S T A < SR M B I SAC AL RASMAIA A e i D A St o
S
'@ , '
e L0C OBy LINE SOURCE
010F 24060700 R 216 SUB AL OFFSETZ
01E3 £58000 217 CALL  OUTRUT EXF i (X-OFFSETZ+Y)
01E6 AOGA0C R 218 HOY AL»Y_DOT_THF
01E9 841E0500 R 219 NOV BL+Z_DOT_THP
01ED 02060700 R 220 ADD AL OFFSET?
01F1 021E0700 R 22 ADD BLyOFFSET? .
01FS EBSE00 22 CALL  OUTPUT_EXP P (X+OFFSET2»Y+OFFSETD) .
DIFB BALEDS00 R 22 WOV RL+Z_DOY_THF .
01FC 400400 R 224 WOV AL»Y_DOT_THF .
0IFF 2A1EQ70D R 225 SUE BL/OFFSETZ .
0203 02060700 k 226 ADD AL+OFFSETZ :
0267 £05009 277 CALL  OUTFUT_EXF FOXPOFFSETZoY-0FFSET2) ;
0208 AN040C R 228 OV AL+Y_DOT_THF S
0210 S41€0500 3 229 Hov ELyZ_DOT_THF ;
0211 74060700 R 23 SUE AL DFFSET?
0715 ZALEN700 K 231 SUE BL+OFFSETZ
0719 ER4ACO 232 CALL  OUTRUT_EXF i (X-0FFSET2,Y-OFFSETZ)
0710 BAIEDS0D R 233 HoY ELyZ_DOT_THP
0220 A0040C K 234 HOY AL+Y_DOT_THF
0723 071E0700 3 235 ADD KLsOFFSETZ
0227 2806070¢ K 236 SUE ALPOFFSET2
022k E83800 237 CALL  OUTFUT_ExF $ (X-OFFSETZY+OFFSET2)
0N2IE ERARD: 238 C4LL  DELAY
G231 TEQ40700 K 239 NG OFFSETZ
(225 BG3E08G001 K 240 CHP FIRST_TIMEs!
0774 7508 244 JNE G0_oN
0730 606086000 K 242 MoV FIRST_TIME+O
0761 E967FF 243 JHF DRAM_W_OFFSETZ
0244 (606080001 R 744 GO_ON: ¥ov FIKST_TIME 1
0249 C4040%0MGF 3 745 Hov GSCALE_VALUE»150 SETS DATA LEVEL TG WHITE
024E BO3EC70014 R 244 CHF OFFSET2,200
0253 7703 247 Jh GO_BACK
0255 EEOCSO 248 JHF DRAN_W_OFFSETL_S
0758 406060001 R 249 G0_EACK: MOV OFFSET11
750 £406070001 F 250 KoV OFFSETZ+1
0287 7 51 RET
(G263 E982FE 252 DRAM_N_OFFSET1_S: JMF DRAM_N_OFFSET!
253 DRAY ENDF
254
(e 255 QUTFUT_EXF FROC ~ NEAR
0266 BIFF 256 KoV CLy255C
' 0268 2ACK 257 SUB CLyRL
' 0264 8ADY 258 KOV BL/CL
. 076 EADBOY 759 MOV DX+ 00BH
el 026F E614 260 ouT XREG» AL
.. 0271 8AC3 261 OV ALYEL
SR 0273 E614 247 ouT YREGrAL
- 0275 400900 R 263 KOV AL GSCALE_VALUE
fe 0278 EALG 264 ouT GSCALE AL
. 0274 (3 265 RET
o 266 OUTFUT _EXF ENDF
Y 267
ot 268
S 027 269 DELAY PROC  NEAF
Ry 0278 E9ER0? 2706 HoV CXr1000D

. S ..
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SO LOC OBJ LINE SOURCE

R 027E E2FE 27 AGRIN: LOOF  AGAIN
1 0280 C3 272 RET
1 273 DELAY ENDF
-l 274
- 275
< e 274 CODE  ENDS
Sy mn END

Sl U

PR
R RSV
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- ISIS-II PL/N-86 V2.1 CONPILATION OF NODULE TOK_ALSO
e OBJECT MODULE FLACED IN iF1RETROF,06J

i:%lj; COMPILER INVOKED BY: PLMB6 F1:RETROP.PLM DEBUG LARGE OFTIMIZE(2) ROM

$TITLE ('PLM86 PROCEDURE TO PRINT GRAFHS')

1 TON_ALSO! DO

2 1 DECLARE USARTDATA LITERALLY '00DCK';

31 DECLARE USARTSTAT LITERALLY 'OODEM';

P DECLARE FAST EYTE EXTERNALS

5 1 C0: PROCEDURE (CHAR); '
6 2 DECLARE CHAR EYTE:

7 2 DO WHILE NOT INPUT (USARTSTAT);

8 3 END;

9 2 QUTPUT (USARTDATA) = CHAR;

10 7 END CO;

I
3
1 PRINT! PROCEDURE (MESSACEPTR,LENGTH) PUBLIC:
2 2 DECLARE MESSAGEFTR POINTER» LENGTH WOKD» I WORD:
OUTARRAY BASED MESSAGEFTR (1) BYTE;

13 2 DO I= 0 TO LENGTH -1}
14 3 CALL CO(DUTARRAY (D))}

15 2 IF NOT FAST THEN CALL TIME (15);
17 3 END;

18 2 END PRINTS
19 1 END;

MODULE INFORMATICN:

CODE AREA SIZE 00684 104D
CONSTANT AREA SIZE = O00OH 00
VAFIAELE AKEA SIZE = 000ZH 2D
WAXTMUM STACK SIZE = OO0OEH 14D
26 LINES READ

N
P IR v
ST W
. W
P GRS s
[ I A ]

[ 0 PKOGRAN ERROR(S) 3
K:_ . “.q
- END OF FL/M-85 COMPILATION R
b - )
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[ ISIS-IT PL/K-86 V2.1 CONFILATION OF WODULE KEYBOAKD_IO N
- 0BJECT MODULE PLACED IN $F2:MATROX.0Bd -
o COMFILER INVOKED EY: PLNB6 SF2(ATROX.PLW DEEUG LARCE OPTIMIZE(3) ROM MORKFILES (1F2%,:F2%) >
Ia '
N 1 KEYBOARD_I0: DO

W X
-7 2 1 DECLARE (START RIT. E_Y,E_Z»DATA_RDY1,BAD_NISSsOFFSET_Y+0FFSET D) >

BYTE FUBLIC AT (06000H)} b
3 1 DECLARE (DAY_SIGHT»FAR_TARGET»AUTO_BORESIGHT) BYTE PUBLIC AT (04007H), ‘
DISTANCE WORD PUBLIC AT (0600AH):
(STARTING_TRACK»TARGET _SWITCHsFINAL_TRACK+EAST_WEST) BYTE PUBLIC AT (400CH):

. LI DECLARE YANG_EIRD INTEGER PUBLIC AT (06010H);
N 5 1 DECLAKE ZANG_EIRD INTEGER PUBLIC AT (06012H);
: 6 1 DECLARE (EIRD_OT_RDY, COACH_ON, EIRD_WITS) EIRD_NISSES» H_REF_KO: -
H_REF_GO+ V_REF_RQr V_REF_GO» GRND_BIRDs END_REPRISE-FELL_SHOFT. &
- CONTINUE, HIT_KILL» HIT_DISABLE) EYTE FUELIC AT (04014H)i .
g 71 DECLARE (H_MISS_ASCII»V_NISS_ASCII»X_MISS_ASCII} (22) EYTE FUBLIC AT(06022H); -
- 1 DECLARE USART_STAT LITERALLY 'O0DEH', .
N USART _DATA LITERALLY '00DCH'; o
= 9 1 DECLARE CTRL_E LITERALLY '020'; b
- 10 1 DECLARE CTRL_C LITERALLY '030'; -
- 1n 1 DECLARE CTRL_N LITERALLY '160': -
S 2 1 DECLARE NAME_LET_I (X) EYTE DATA (350+430+1420,730,1130+370); ~
o~ 13 1 DECLARE (CHARDUNNN) EYTE: -
- 14 1 DECLAKE RUE_OUT LITERALLY '7FH': =
2 15 1 DECLAKE CARKIAGE_KETURN LITERALLY 'ODH'; .
- 16t DECLARE LINE_FEED LITERALLY '0AH': 2
S 17 1 DECLARE NAME_EUF (11) BYTE: "
T 1§ 1 DECLARE ERASE_MODE (2) BYTE DATA (330+1770): .
- 19 1 DECLARE WRITE_MODE (2) BYTE DATA (330,1410): -}
- 20 1 DECLARE ERASE_EUFFER (13) EBYTE: -]
s 2t DECLARE T_SIGHT_EUFFER (X) BYTE PUBLIC DATA (350+410+1540+730+1130+370s s
ol 1160+1110+1070+1100+1240 1230 »
T 111051070+1100+12405350) -
N 2 1 DECLARE D_SIGHT_PUFFER (X} BYTE PUBLIC DATA (350+610+1540:730+1130370+1040; -
= 1010+1310+350); R
o 23 1 DECLARE S_RANGE_BUFFER (X) EYTE PUBLIC DATA (350,570+1660,73011130+370,610- .
e 620+650+600+400+1150+1050+ 1240, »
3 1050+1220,350) 3 E
- 4 1 DECLARE L_RANGE_EUFFEF (¥) BYTE PUBLIC DATA (350+570,1660+730+1130,370+430- X
- 600+600600+40011501050/ 1240 %
o 1050112201350} !
o %01 DECLARE SCENARIO_BUFFER (9 EYTE FUBLIC o
e: 2 1 DECLARE AUTO_RORESIGHT_NSG (x) BYTE DATA (350,400.1400,700+1210+370+1010- L
o0 250112401170+1370110201 1170 -
e 122011050+1230,1110+1070+1100+ -2
R 1240+350) 5 A
T 3
RO ,-\
Py 27 1 DECLARE (OFFSET_Y1+0FFSET_Y2+0FFSET_Y3,0FFSET_21+0FFSET_22,0FFSET_23) Vi
-l EYTE EXTERNAL: =
o 8 1 DECLARE NOFFSET_Y1/NOFFSET_YZyNOFFSET_Y3sNOFFSET_Z1/NOFFSET_IZ¢NOFFSET_Z3) -
> BYTE EXTERNAL; -
oo X
Y 160 '

LIPS IR N PRI

W W R A
‘-.-‘,- _-.

e d



49
n
72
73

c

!

76
77

~ (8]

[

~J

—

LGS I oS N B S 00 B S BN S oS TN oS T OO L T A N o TN SR £

L5 I o B SN T N T O T oG T o )

~ R FO P M MY P P P TI N Y

[N T S R B S B N A 2t ]

PRINT: FPROCEDURE (MESSAGEs MSG_LENGTH) EXTERNAL:
DECLARE MESSAGE POINTER»
HSG_LENGTH WORD}

END PRINT}

TANK_START: PROCEDURE EXTERNAL]
END TANK_START:

INGEST: PROCEDURE FUBLIC:

DECLARE (I+JsK) BYTE; /2 I IS THE CURSOR POINTERM/

ERASE_BUFFER (0) = 400i
ERASE_BUFFER (1) = 400
ERASE_PUFFER (2) = 400i
ERASE_BUFFER (3) = 400;
ERASE_BUFFER (4) = 400i
ERASE_BUFFER (5 = 400;
ERASE_BUFFER (8) = 400;
ERASE_EBUFFER (7) = 400
ERASE_BUFFER (8) = 400;

ERASE_EUFFER (9) = 400i

ERASE_BUFFER (10) = 330}
ERASE_BUFFER (11) = 1410:
ERASE_EUFFER (12) = 350i

SCENARID_EUFFER (0) = 350%
SCENARID_EUFFER (1) = 9603
SCENARTO_BUFFER (2) = 1400j
SCENARIO_BUFFER (3) = 730}

SCENARIO_BUFFER (4) = 1130¢
SCENARIO_EUFFER (5) = 370i
SCENARIO_BUFFER (B) = 350;

NAME_BUF (0) = 400;
NAME_EUF (1) = 400;
NAME_BUF (2) = 400;
NAME_BUF 73) = 400i
NAME_BUF 14* = 400}
NAME_EUF (5) = 400i

NAME_BUF (8) = 400;

NAME_BUF (7) = 400/
NAME_BUF (8) = 400i
NAME_EUF (9) = 400;

NAME_EUF (10) = 3503

I=0;
FAR_TARGET = 1i

IF DAY_SIGHT = 1 THEN CALL PRINT (@D_SIGHT_BUFFERs LENGTH (D_SIGHT_BUFFER))}
ELSE CALL PRINT (@T_SIGHT_BUFFERs LENGTH (T_SIGHT_BUFFER))}

CALL  TIME (10000):

IF FAR_TARGET = 0  THEN CALL PRINT (@S_RANGE_EUFFERs LENGTH (S5_RANGE_BUFFER))j
ELSE CALL PRINT (@L_RANGE_BUFFER,» LENGTH (L_RANGE_BUFFER));

CALL  TIME (1000D)}

CALL PRINT (RSCENAKIO_BUFFER, LENGTH (SCENARIO_BUFFER))}

161
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- 78 2 DO K=nTO (LENGTH (ERASE_BUFFER) -4);
e 79 3 ERASE_BUFFER (K) = 400;
o 80 3 ENDS
t 8 & DOK=0T0 (LENGTH (NAME_BUF) -2);
N 2 3 NAME_BUF  (K) = 400;
- 83 3 END;
.‘\q'
N :'1: Fhotetteitetotodttotattoetititedtateftoesdotoettettiioteeceedttsototitstetttiy
o THIS STARTS THE NAME INPUT ROUTINE.
::-.:‘ et itetittoetodibeditidotettotfenitttiottdeteettiitiptdstetocteitecitetiviteds
e 84 2 DUNNN = 0;
S 2 IF DAY_SIGHT THEN DO CASE (STARTING_TRACK AND O3H);
: &7 3
88 3 0O;
T 89 4 OFFSET_Y = OFFSET_Y1;
el %0 4 OFFSET_Z = OFFSET_Z1;
N 9 4 END;
. 92 3 00;
ol 93 4 OFFSET_Y = OFFSET_Y2;
b 94 4 OFFSET_Z = OFFSET_12i
N 95 4 END;
e 9 3 00
NS 97 4 OFFSET_Y = OFFSET_Y3;
RS 9% 4 OFFSET_Z = OFFSET_23;
‘ 9 4 ENDS
S 100 3 END}
o,
2 100 2 ELSE DO CASE (STARTING_TRACK AND O3H);
s 02 3
2l 103 3 00;
. 104 4 OFFSET_Y = NOFFSET_Y1}
105 4 OFFSET_Z = NOFFSET_21
M 106 4 END;
RO 107 2 00;
e 108 4 OFFSET_Y = NOFFSET_Y2;
- 109 4 OFFSET_Z = NOFFSET_22;
26 10 4 END;
<3 1 3 00;
e 12 4 OFFSET_Y = NOFFSET_Y3;
~i 13 4 OFFSET_Z = NOFFSET_Z3;
NN 14 4 ENDS
e 15 3 END;
T 116 2 STARTBIT = §;
117 2 CI! DO WHILE NOT DATA_RDY1;
18 3 DO WHILE SHK (INFUT(USART_STAT)s1)i
® " 19 4 CHAR = (INPUT(USAKT_DATA) AND O7FH);
R 120 4 IF CHAR = CTRLC THEN COACH_ON = 1; :
PG
ﬂ\ .'
L 122 4 IF CHAR = CTRL_N THEN COACH_ON = 0; 2




L 124 4 IF CHAR = CTRL_E THEN

o 125 4 00; 2
126 S AUTO_BORESIGHT = 1; o
275 CALL  PRINT(BAUTO_RORESIGHT_MSGs LENGTH (AUTO_BORESIGHT_MSG)); g
128 S END}
129 4 ELSE IF NOT DUNNM THEN DO;

T 131§ IF CHAR = RUB_OUT

o THEN g
1325 DO; IF I 0 THEN I = I-1 -
135 6 ERASE_BUFFER (I) = NANE_BUF (I);
136 6 NAME_BUF (I) = 400
137 4 CALL  PRINT (RERASE_MODE+ LENGTH (ERASE_MODE)): L
138 6 CALL  PRINT (RNAME_LET_1» LENGTH (NAME_LET_1)); N
139 6 CALL  PRINT (RERASE_BUFFER LENGTH(ERASE_BUFFER)); a2
1490 6 CALL  FRINT (@WRITE_MODE. LENGTH (WRITE_MODE)): B

4

- 141 6 00 J = 0 TO 090 o

2 142 7 ERASE_EBUFFER (J) = 400 "

< 143 7 END; o

2 198 ¢ END} o

) 145 S ELSE 00 B
- 19 6 IF CHAR = LINE_FEED THEN GOTO SKIF; .
x 148 4 IF CHAR = CARRIAGE_RETURN THEN R
i 199 6 DO; N
150 7 CALL TANK_START; b
150 7 DUNNN = 1; ¥
152 7 60TO SKIF_IT; o
153 7 END; N
. 154 ¢ IF I < 10D THEN
155 6 00; :

" 15 7 NAME_EUF(I) = CHAR; 2
- 157 7 I=I+1 -
- 158 - CALL  FRINT (@NAME_LET_1s LENGTH (NAME_LET_1)); -

159 7 CALL  TIME (2000); ‘n

160 7 CALL  PRINT (@NAME_EUFy LENGTH(NAME_BUF))} o

161 7 END; "

162 ¢ SKIP! END; NS

163 S END; e

END} N

165 3 END =

< 156 2 SKIP_IT: END INGEST: -
@ 167 1 REP_INFO: PROCEDUKE FPUELIC: r
168 2 IF DAY_SIGHT = 1 THEN CALL FRINT (@D_SIGHT BUFFERs LENGTH (D_SIGHT_BUFFERY); .

170 2 ELSE CALL FRINT (BT_SIGHT_EBUFFER» LENGTH (T_SIGHT_EUFFER); N

171 2 CALL  TIME (10000); X

® 172 2 IF FAR_TARGET = 0  THEN CALL PRINT (@S_RANGE_BUFFERs LENGTH (S_RANGE EUFFER)):
- 174 2 ELSE CALL PRINT (PL_RANGE_BUFFERs LENGTH (L_RANGE_BUFFER)): b
. 175 2 CALL  TIME (10000); "
. 176 2 CALL PRINT (SCENARIO_BUFFER, LENGTH (SCENARIO_BUFFER));: =




177 2 CALL  TIME (10000':

178 2 CALL  PRINT (@NAME_LET 1+ LENGTH (NAME_LET_1));
179 2 CALL PRINT (BNANE_BUF) LENGTH (NAME_BUF));

180 2 END REP_INFO;

181 1 ENO KEYBOARD_I0;

MODULE INFORMATION:

g CODE AREA SIZE = 04C7H  1223D
A CONSTANT AREA SIZE = 0000H 0D
o VARTABLE AREA SIZE = 0026H 38D
NAXINUM STACK SIZE = 00OEH 14D

229 LINES READ
0 FROGRAM ERROR(S)

END OF PL/M-8B6 COMPILATION
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S ISIS-IT PL/K-86 V2.1 COMPILATION OF MODULE MAIN_MODULE 4

OEJECT MODULE FLACED IN IFZIRETRO.OBJ
COMPILER INVOKED EY? FLMBS ‘F2IRETRO.PLM DEBUG LARGE OPTIMIZE(3) ROM WORKFILES (1F2:+iF2%)

T e e e
. L .
. e e
—

KAIN_MODULE: DO N
e e DECLARATIONS-- et ¥/ -
S 21 DECLARE (DATA_RDY1,START_BIT,OFFSET_Y,OFFSET_Z,AUTO_BORESIGHT) BYTE EXTERNAL
- K DECLARE DISTANCE WORD EXTERNAL;
- L DECLARE (FRESH_START,EIT_BUCKET FGM_WAIT) BYTE;
b S 1 DECLARE (HIT_PARADE_MEWORYsHIT_SHORT_MENORY»DEAD_BIRD_MEMORY. -
V_REP_FLAGM_REP_FLAG) BYTE PUBLIC: .
6 1 DECLARE (V_REF_R0.V_REF_GOsH_REF_RO:H_REP_GO)FAST,EIRD_DT_RDY) EYTE EXTERNAL: -
71 DECLARE (H_MISS_ASCII,V_MISS_ASCII,X_MISS_ASCII) (22) BYTE EXTERNAL: e
8 1 DECLARE (GRND_EIRD+BAD_NISS,EIRD_MISSESsBIRD_HITS, -
END_REFRISE,FELL_SHORTy HIT_KILL, HIT_DISABLE» COACH_ON) BYTE EXTERNAL; -
v 1 DECLARE LIT LITERALLY 'LITERALLY'; -
16 1 DECLARE CR LIT ‘ODH'; -
1o DECLARE LF LIT '0AH'; n
2 1 DECLARE FOREVER LITERALLY 'WHILE 1': g
13 1 DECLARE FAR_TARGET EYTE EXTERNAL: g
191 DECLAKE USART_FORT LIT 'ODBH', )

USART_CNTRL LIT '0DAH',
USART_RESET LIT '040H',
USART_CMMND LIT '037H',

T % tLC,
13 ’

"_r"."u P
P D
k2

> -4
[ USART_MODE LIT OAEH' 3
(- USART_STATUS LIT 'ODEH': =
. TINER_CNTRL LIT ‘OD&H', RGY
N TIMER_CNTRLZ LIT 'OD4H'» *]

CNTR2_MODE LIT 'OBGH' e

LON_ADA  LIT  '004H'. -

HIGH_ADM LIT "000H" §

15 1 DECLARE (DFFSET_Y1,OFFSET_Y2,0FFSET_Y3,0FFSET_Z1,QFFSET_I2,
OFFSET_Z3sNOFFSET_Y1yNOFFSET_Y2sNOFFSET_Y3sNOFFSET 21,
NOFFSET_ZZoNOFFSET_Z3) BYTE EXTERNAL:

16 1 DECLARE ALFHA_MODE_HOME (x) BYTE DATA (330,140);

71 DECLARE CLEAR_SCREEN BYTE DATA (310)}

18 1 DECLARE V_REF_CRAFH (X) EYTE PUBLIC DATA i
(31013501 400+ 1400,400,1000+370» 'V* 1350)

19 1 DECLARE H_REP_GCRAFH () BYTE PUBLIC DATA

/RXEEREXRARAIXIXAXAIXNINXAAN ' RANGE METERS ' axsxxxssxysxxsxxaxxyxzzsxIIXINLRE/
(310+350,400,1710+400,1000+370+1220,1010+1160+1076+1050+350+670+1560+400+1000+
370+1150,1050+1240,1050+1220+ 1230+

et

/123RXRRXRLRN ' NAME SIGHT RANGE SCENARIO'XExxzxzzzss/

350+63001750+730+1130+370+1160+1010+1150y1050+720+350+620+1750+730+1130+370»
1370+1370,1370,1370+1370+1370,1370+1370+3370+1370+350+420+1470,730+1130+ 370
12300 1110410701100+ 1240,720,350+410+14705730+1130+370+1370+137051370513709

Y A
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o
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1370+1370+1370+1370+137051370+350,600+ 1610+730,1130.270,1220+1010+1160, 1070,
1050,720+350+570+1610,730,1130,370+,1370+1270+1370+1370,1370+13706+1370+ 1370
1370+13705350+560+1730+730+1130+370+1230+1030,1050,1140+1010+1220+1110+1170s
720,330,550:1730+730¢1130,370,1370»1370,1370+1370,1370,1370,1370+1370,1370»
1370,

/RRARERXEXIRAXAXAIXNLXSVERTICAL MISSILE ENVELOPEXXXSIYXXREXRRERX '
350,410,1740+550,1110-410,1740+470,1010:440,1570,470+1010.

/RERXTEERBARAXINTIRNIANN HISSILE ELEVATION XxxaxsssxXXXIXXXXXARXN/
350,400+1710+460:1200:370, 'NISSILE ELEVATION'.

/EXIXTARATARAAXNSANRARAL’ ( METER TICS) ' axxaxsxexsysx¥xXRLXXINIXRX’
350,400+1400+470,1010+370, ' (1 METER TICS)'

JEXYXSXXTXXANRAXRTAACRAHORTZONTAL MISSILE ENVELOFEXXXEXXXXEXRXRXXR:
350+410,1740,610,1130+410+1740+700 1330350+ 64041570+ 650,1030+410+1740,
65011030y

SRR XXX XAXXAX XA " HISSTLE AZTMUTH XXEXX XXX s e s XX XXXXXAXIAXTIARK,
3500400:1710+610+1200:370, 'HISSILE AZIMUTH',

ARTXXXTAKXTNTXLARARNECN’ [} WETER TICS *axxsayxsxsdaxyaxYXxXXxXXIXANIANR/
350,40051400+610.1370,370, ' (1 METER TICS)')j

DECLARE MORE_HREF_GRAFH x) EYTE FUELIC DATA
/IXXXXXXXXARBRXAXXXTASXRAL TARGET LINE® (FOR VERT MWISSILE FOSITON xxERRE

(350163091440+440+1100370+1240+350+620+14500460+1100+370+1010+350+610+
1500,460+1100+370+1220: 3505400,
1520+460+1190+370+1076+3%0+570+1540+4401100+370. 1050350+ 560, 15404460
1100¢370+1240+350+540+1620+460+1100+37°0+1140+350,530+1640+460+ 1100+ 370
1110+350+520-1660+440+1100+37051160+350+5101700.460+1190.370+1050 350
500+1720+460,1100+370+0400,

SREXXNIXARNNSRRERXNAXXRN"TARGET LINE*/FOR HORIZONTAL MISSILE FOS. ) zyxxx/

3501 440+1520+640+1120+370+1240+ 2501630+ 1540, 540+ 11204370+ 10102504420,
1500+440+1120+37041220+350+610+1600+540+1120+370+1070+ 350600+ 1520+
640+1120+3709 1050935015701 1640+640+1120+370+ 1240+ 350+¢ 30+ 1540943091220+ 370
1140+350+620+1600+850+1220+370+1110+350+610+1800,450+1220+370, 1160
3501000, 1620+ 650,1220+370, 1050

JExExexxxxeexxxxzasxaax REFRISE ELEVATION TICS XXYRXsxXsXXyXsssssxixsyss’

340,410+1670+470,1010+410+16501470+1010+410:1670+470+1250+410+1650+470+12%0+

410+1670+50051110,41001650+500,1110+410+1670+500+1350+410+1650+500+1350+410+

1670+510,1210+41091650+51051210.410+1470+520+1050+410+1650+9520+1050+410+1670+
52091310+410+1650,520+1310,410+1670+530,1150+8410+1450+530+1150+410+1670+540;

1010+410,1650+540+1010+410¢1670+540+,1250+410, 16501540+ 1250,410+1670+5501110
4101650055051 110y

/EXRRAINARXRIRRRTSNNAN FEFRISE AZIMUTH TICS stxasmxsrstrIXYEXXXYTRIANNNER

340,410+1670+610,1130.410+16500610+1130+410+16704630+1370041001650+ 61041370

410+ 1470562051230,410+1650+62001230+410,1670+630+1070+410+1650,630+1C70+ 410+
16700630+:°30+41001650,43001230+410+1470+690+1170,410,1650,640+1170.410+1670,
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650+1030,410+1450,65001030,410+1670+650+1320,410+1650+650+1320+41011670+640+
1130+410,1650+66001130+410+1670+66091370+410+1650+660+1370+410+1670+670+1230+
410,1650+670+1230,410+1470,700+1070,410+1650,700,1070,410+1670+700+1330+410
1650+700,1330»

/XXRANSNABARNNXAAININX EXTENTION FOR VER, REP, ORDINATES xxxyxxxsxxxxx/

350+410+1740,450:1050,410+1740+470,1010+340+410,1670+450+1030+410+1650,
450,1050+410+1670+450,1310,410+1650,450,1310+410+16705460+1150+410 1650+
460,1150)+

DECLARE FAR_RANGE DATA (x) EYTE FUELIC DATA

{350+410+1650+400+ 100043701400 400,400 6005550+
350+440+ 150094001000+ 3705400650600 600 550,
350:460+1720,400+1000: 37056101600+ 600+ 6002550,
3501510+1530+400+ 1000y 370+610+450 6005400+ 550+
3501530+ 1770+400,10009 370620 600+600+600» 550,
350+560+1610,400+1000 37014205650 6001600+550,
350+610,1430+400+ 1000+ 3706301600 80016005550,
350143011650+400,1000 370+ 630650500+ 6009 5500
350+660+1440+400+10001 37016401600 600+6005550) 5

DECLARE NEAR_RANGE_DATA (x) BYTE PUBLIC DATA
(350+410+1650+400+1000+370,400+400,400, 600,550,
350,440+1500,400+1000+370+400+620+ 6505600+ 550+
350,460+1720+400+10000370,4000650¢400, 6005550,
350510+1530v40051000+370+600+670165096009550+
350,530+1770+400+1000+370,410¢600+600+600, 550
350+56011410+400+1000+370+6100620650:600+ 550+
350,610,1430,400,1000+370+610+650+, 400,400,550
35005305 165054005 10005370+610+670+4505400+550+
350+64051460+400+1000+370+6201600:600+600,550) ¢

DECLARE GRAPH_DATA (%) EYTE FUBLIC DATA

ARERIXXRXRRLXEATIMUTH ENVELOPEXXXXXXZXEEXRRXXXXYNL
(350+41091740+6101250+540+ 15704610+ 1250+ 460
1570+700,1210+410+17403+700+1210+410+1740+410»
1250+3509410+1740,450+1030+640+1570+650, 1030

/RxRREXXRxxaR2f EVATION ENVELOPEXZXZXXIZTXXXXXXRXX/
350+410+1740+470+1010+640+1570+470+1010+460+1570+500+1350+410+ 174055001350+
410y17401470+1010+350,410+17405470+1370+660+1570+470+ 1370+

/SXNXRRXRXARXAATTMUTH RANGE TICSRIXIXXXXIRRRXXXRTRR/
340+440,1560+640+1360+440+1560+440+1320+440, 15601650+ 1060+440+1560+650, 1130+
470+1410+640,1360+470+1410+640+1320+470+1410+650,1060+470+1410+650+1130+5101
1630164051360+ 510,1430+640+1320+510+1630+650+1060+51091630+450,1130+540+ 1450,
640913605540+ 1450,640,1320+540 14504650, 1060,540+1450+650+1130+560+1700+640+
1360+560+1700+640+1320,560+1700+450+1060+560+1700+650+1130+61001520+640+1340+
610,1520+640+1320+610+1520+45011060+610+1520+650+11300630+1750+640+13404+ 630
1750+640,1320+630+1750+450+1060+63011750+650+1130¢

/RXEenaxxsxsa2C EUATION RANGE TICSEIXXXXXXXXXXXRXE/
340+440+15601470,1320+,440+ 15601470+ 12604440+ 1560, 500+1020 440+ 1560+500,1070
470+1410+470,1320+470+1410+470+1240,470+1410,500+1020+470+1410+500+1170+510,
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o g 1630+470+1320+510+ 16301470+ 1260+510+16301500s1070+510+ 14301500+ 10705540+ 1450+ o
o 470,1320,54051450+470+1260,540+1450,500+1020+540, 1450500+ 10670+560+ 17001470+ )
L 13204560+ 1700+470+1250,5605 17005500+ 1020156011760, 500+1070+610+1520+470, 1320, 5
b 610115201470+ 1260+£10+1520,50011020610+1520+5001 10701430+ 17501470+ 13201630+ =
175094705 17601630+ 1750550011020, 63011750506+ 1070, A
/XEXXXXRREXXXXAZINUTH MIL TICOXXEXXRXSRRXRSYXEEXXXXIRXXXEXXRRXEXE/ ﬂ:
340,410+ 167056101250+ 41091650410+ 1250+ 410+ 1670+610,13701410+ 165046109 1370+ N
410+16701620+1110+41011650+62011110+410+1670+420,1230+410+1£501620+11230+410, N
1670562051350+4101650+:620+1350+410 16709630+ 1070,415:1450+630+10701410/1670+ 3
63011210+410116505630+12101410+1£70+630133C, 315+ 1650143001330: 410116701640, l
1050410+ 1650640519501 4105167Gs640y 117054101 1650+£40+1170,410+ 1670640413109 k
410165016401 1310,41011670+6501 1020+ 410118501650+ 1030,41C11670+650+1150+410+ 3

18505650+ 1150+410+31670+6509127093101658+050+1270,410+1470+660+1010+410+ 1650+
66071010+410+1670+66051130+410+16501660+1130+410:1470+660+12301410116501660,
12504410+ 1670+660+1370,41001650966091370+41051570+670,1110+41001650+670+1110y
410,1670+470,1230+410,1650,670+1230,410+1670+4670,1350,410+1650,670+13501 410,
1£704700+1070+410+1650,700+1070G+410+1670+700+1210+410+1650.700,1210) 4

24 1 DECLARE NORE_GRAFH_DATA (xi BYTE PUELIC DATA

AAXEXAXAARCAELEVATION AIL TICSERTXYTOXRXNXIXXIXNLK,
1340+410+1670+470+10104410+1650+470+1010,9100 16705 50091350+410416509 50041350
41091670+470+1370+416+1650.47041370+41051670+470-1130+4101<50:470.11301410»
1670,500,1230,410, 16504500, 1230410+ 1670+470+ 1250410, 16504470, 1250441041670
500,1110+410+18590,500: 1110+

P ottty ..‘ ‘,,
o . 5 .
~N‘A FEPENETT/ Y 3 S

'
el

/RRRRXXRXXXY 'RICHT LEFT UF DOWN'EXXXXLXXXXXXXXXXX
350+430+1440,710,1000+370+300, 1720, 1110510702106, 1280+5109350,430+1440+ 560
1210+370,500+1140+1090+ 1060, 1240.5:0,2350+43051440,510+1140+370+500+1040,1170¢
1270+1150+510+350,436+1440:440+1330+370+500,1250+1700+510

., s
o3 e g

el

/eexsxxxxxxLax’ (100 MICRC RAD TICS)' FOR AZIMUTH AN[D 'AZIMUTH'gxxxxx/
350+46091630:830+1240+370+1010+1320+1110+1150+125001240-1100+350+400+17109
60091350+3705500+610+600,600,400,1150+1110,1030,1220+1170,400+1220,1010»
10405400, 1240+1110,103051230+510,

,,_,_,‘,
PPN SENIIIW.

/XXXXXXXTARAAR' (100 MICRO RAD TICS)' FOR ELEV, AND 'ELEVATION'EzRREXXX/
350066091620+460+1030+370-1050+ 114021030, 124001010+ 1240+1110+1170+1160s
350+400+1710+430+1310+370¢5004610+600+600,400+1150+111001030+1220+ 11700
400:1220+1910+1040,400+1240+ 111051030+ 12302510+

I I_‘A’i .

/IERXARREIXXT ' HAKD STGHT RANGE SCENAFIQ YIXXYZIXXEZ 7
350463001750+ 730112003700 11600 1010115001050, 7 704 350+£20+17504730,1130+ 370
1370013701370, 1370+ 137001370, 127G 1370913704137 01 220+423¢ 1470173011130+ 3708
12305 1110910701100, 1240+ 7204350610+ 14707304 1130+370+ 1376+ 1370413705 1370,
1370+13704137051370, 137001370, 350+ 500, 1610+ 730+ 1130370012200 101001160, 1070 -
1050,720+350+570+ 1610730+ 1330,370+ 13701370, 13701370+ 137041370+ 13701370
137001370+350+56G+ 173057300 113003704 12300 10300 10500 11400 10100 1220911100 1170y
720435005500 1730 73001130 370 13700 1373 1370013700 1 3700 13700 137001370+ 13700
1370,

DIy Y P S

T —

iRl

- /UXREXXKIXRINRRARARANRTIONND FANGE M{ TERS REAX 2RSSR REXyTYXXRRSRNIRAXXRANAR/
L 3509400+ 17106400+ 10003735 1220010109 11609 1070016500250 6700156004001 1000+ 3700
. 1150+ 1050+1240, 1050+ 122012200
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25 1 PRINT! PROCEDURE (MESSAGE» MSG_LENGTH) EXTERNAL;
26 2 DECLARE MESSAGE FOINTER,

MSG_LENGTH WORD;
7 < END PRINTS

. . PR L :
W IO L';A'A_i

28 1 HIT_EXPLOSION: PROCEDURE EXTERNAL;
29 2 END HIT_EXPLOSION:

-
L
P Y

01 GROUND_EXPLOSION: PROCEDUKE EXTERNAL: 3
A2 END GROUND_EXPLOSION; ]
-

2?1 GAE_INIT: PROCEDURE EXTERNAL; )
3 2 END GAE_INIT; ]
-4

KL TANK_KILLED: FROCEDURE EXTERNAL;
I 2 END TANK_KILLED)

I SR T
RN

4 -, -
Mtk lind

KIS TANK_INIT: FROCEDURE EXTERNAL;
37 2 END TANE_INIT;

38 1 GAE_DRIVER: PROCEDURE EXTERNAL;
9 2 END GAE_DRIVEF; -

0 1 SHOKE _INIT: PROCEQURE EXTERNAL:
4 2 END SMOKE_INIT;

42 1 OCTAGON_DRIVER: FROCEDURE EXTERNAL;
43 END OCTAGON_DKIVER

44 1 REF_INFO! FROCEDURE EXTERNAL;
% 2 END REF_INFO;

4% 1 SET_FLG: PROCEDURE EXTERNAL;
47 END SET_FLG;

e 48 RESET_FLG: PROCEDURE EXTERNAL;

S 49 7 ENC RESET_FLG:

- 001 FRANE_GRAE: FROCEDURE

o 51 2 OUTFUT(OCH: = 0;

g 2 2 EIT_BUCKET = INFUT/10H):

o 3 2 BIT_BUCKET = INFUT(14H);
o 5 I CALL TIME (400D);
o 55 2 END FRAKE_GRAE:
o S 1 DECLAKE POINT_MODE () EYTE DATA (350,340):
¥y 71 DECLARE VECTOR_MODE (1) BYTE DATA (350);
r. . -
N 581 DECLARE AUTO_BORESIGHT MESG (X) EYTE DATA

- (356-400+1400+700+1210+370+ 1010 ]
o 1250+1240+1170+1370+1020+ 1170+ N
o 1226+1056+1230+1110+1070+ 1100, o
.. 1240350 /5 '
F\;: 591 DECLAFE WIT_KILL_MSG (X) BYTE DATA .
- (35016704 1560+540+1200+370, ' XXHIT KILLEX',350); R
R /8 HIT MSC IS AT (400+750) 1/ o
oy 60 1 DECLARE HIT_DISABLE_MSG (X) BYTE DATA .
e 169 ~
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61

63
64
65
66
67
48

69
70
71
74
7!‘
76
77
79
8C
81

82
83
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(350167051560+540+1200+370 ' XXHIT DISAELERT'4350); -]
/3 HIT HSG IS AT (4009750) x/ -
DECLARE HIT_MSG (X) EYTE DATA (350+670+1560+540,1200,370, ' XXHITXX"4350); o)
/X HIT HSG IS AT (400,750 %/ »
4
/XDECLARE DIST_FELL_SHORT_MSC (X) BYTE DATA (3501670+1560046011100:370); 1/ i
/X DIST_FELL_SHOFT KSG AT (200:750) x/ 1

DECLARE MISS_DISTANCE_MSG (X) EYTE DATA (350,670+1560145011120+370s
'GROUND IMFACT '); ]
/X MISS_DISTANCE_MSG AT (1704750) =/ 1
DECLARE FFI_CONTROL LITERALLY 'CCEH'; 9
DECLARE FFI_MODE LITERALLY *100000008" X
DECLARE SET_EIT_T0 LITERALLY '0'5 /% 000C 000G x/ i
DECLARE FESET_EIT_CO LITEKALLY '1': /X 0060 0001 %/ ]
DECLARE FFI_FORT_{ LITERALLY 'OCCH'; " 4

DECLARE (HIT_KTLL_MEM+ HIT_DISAELE_MEM« EIRD_HITS_MEd) EYTE PUELICS

HIT_FARADE: PROCEDURE FUELICS

HIT_PARADE _MEMORY = 1:

DO WHILE NOT (INFUTC(I2HY':  /x DO WHILE MATFO» IS EUSY 2/ ¥

ENC:

QUTFUTCLO0HY = 03 /% SET GSCALE VAL T0 ¢ 1

EIT_BUCKET = INFUT(14R): 't START ERASE CYCLE ¥~ o
DG WHILE NOT (INFUT/1ZHY ¢ /¥ WAIT TILL MATROY IS THRU WITH ERASE »/ )

. . . .
: e .
. ‘A“J 24 J ¢

ENCS -
IF NOT {H_GEF_FLAC OF V_REF_FLAG' THEW i

Do’
CALL HIT_EXPLOSION:
CALL TaNY_FILLED:
EnDs

SRR XXX SN AR XN X IR NN R INAAK
DO;
CALL SET _FLG:
CALL HIT_f+FLOSION:
CALL FESET _FLGH
CALL TIME (2500D):
QUTPUT(FPI_FORT £ = SET_EIT_CO:  TURN DFF VIDEG TO GUNNER
CALL FRAME_GRAE:
CALL SET_FLG:
CALL HIT_EXPLOSION:
CALL RESET_FLG:
END: XEXXIEXXXXIXEIRXSXXIXNSXTARRRRIXIRXATNRANN

FAST = 0:

IF BIRD _HITS _MEM THEN CAli FRINT (RHIT_MAGLENGTHHTT MSGI 1

IF HIT_KILL_MEM THEN CAlL FRINT  (OHIT_KILL _MSG»iENGTHUHIT_KILL _MSGV)S

IF HIT_DISAELE MEH THEN CaLl FRINT (@WlT OISAELE MG LENGTH(HIT DISAELE _MSG1Ys
CALL FRINT - QUECTOR MCDE  ENGTHODECTCR _MODE 05

FAST = 13

ENL HIT _PaRADF:

DEAD EIRLY FROCEDURE Tub D1 Y THL LIRD HAL FLOMN EY THE TARGET
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AND HAS STRUCK THE GROUND. 1/

93 2 BIRD_MISSESsGRND_EIRD = 0i
94 2 DEAD_EIRD_MEMORY = 1}
v 2 DO WHILE NOT (INPUT(12H))%  /x DO WHILE MATROX IS BUSYx/
96 3 END}
97 2 QUTPUT(10H) = 0} /% SET GSCALE_VAL 70 0 x/
98 2 BIT_BUCKET = INPUT(14H): /x START ERASE CYCLE 3/
99 2 D0 WHILE NOT (INPUT(IZH)): /3 HAIT TIL MATROX IS THRU WITH ERASE z/
100 3 END}
101 2 IF NOT (H_REF_FLAG OR Y_REF_FLAG) THEN CALL GROUND_EXFLOSION:

V0830880000800 008e 08t itttitiitteetntetietteittiideittitisedtitess
Do;

CALL SET_FLGS
CALL HIT_EXFLOSION:
CALL RESET_FLG:
CALL TIME (2500D)i
OUTFUT(FPI_FORT_C) = STT_EIT_COs XTURN OFF VIDED TQ GUNNEF x
CALL FRAME_GRAE
CALL SEY_FLG:
CALL HIT_EXPLOSION;
CALL RESET_FLG:
END:
13 e 0 P00 eeteeiesiteiiRitotiottetitivitetertvetetcttiieitiseiietyl

103 2 FAST = 0i

104 7 CALL FRINT (@MISS_DISTANCE_MSGyLENGTH(MISS _DICTANCE_MSGY)i
105 ¢ CALL PRINT (@H_MISS_ASCII/LENGTH (H_MISS_ASCII)}:
106 2 CALL FRINT (@V_MISS_ASCIIsLENGTH (U _MISS_ASCIIM);
107 2 CALL FRINT (BVECTOR_MODELENGTH (VECTOR_MODE))i
1R 7 FAST = 13
109 2 ENC DEAD_EIRD:
1o 1 HIT_SHORT! FROCEDURE FUELICS /% THE EIRD HAS HIT SHORT OF THE
TARGET. 1/
1y z FELL_SHORT = 0%
iz 2 HIT_SHORT_MEMORY = 13
113 2 DO WHILE NOT (INFUTLI2H))F  /x DO WHILE MATROX IS BUSYR/
114 3 END}
11y z QUTFUT(LORY = 0} JX SET GSCALE_VAL TO 0 x/
116 2 EIT_BUCKET = INPUT(14HY: /x START ERASE CYCLE x”
12 D0 WHILE NOT VINFUTCIZHY)G  /x WAIT TIL MATROX IS THRU WITH ERASE x/
ez END:
119 2 IF NOT (H_REF_FLAG OF U_REP_FLAG) THEN CALL GROUND_EXFLOSION:
1712 FAST = 0j
I CALL PRINT (@MISS DTSTANCE _MSG+LENGTH(NISS_DISTANCE MSG)) 4
/BCALL PRINT (BDIST_FELL_SHORT_MSGyLENGTH(DIST_FELL_SHORT_NSGi): =x/
. CALL PRINT (@X_MISS_ASCII+ LENGTH (X_MISS_ASCII))i
o CALL PRINT (BVECTOR_MODE+LENGTH (VECTOR_MODE)};

FAST = [
END HIT_SHORT:

LETITAL FEF_RDY FROCEDURE PUBLIC:

TasTh oo 0
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. FAST=0;
- CALL PRINT (@Y_KEF_GRAFH, LENGTH(Y_REF_GRAFH));
(- FAST = 1
- V_REF_GO = 1
1 V_REP_RQ = 0i
% V_REP_FLAG = 1}
N END VERTICAL_REF_RO;
y . IXEENRRXXXEXXXSRXNXRRAXNXRRIXRKY/
127 1 HORIZONTAL_REP_RO: FROCEDURE PUELIC
128 2 START_BIT = 0;
129 2 DISTANCE = 0
130 2 FAST = 0;
131 I CALL PRINT (BH_REP_GRAFH: LENGTH (H_REF_CRAPH));
132 1 CALL FRINT (BMORE_WREF_GRAFH» LENGTH (NORE_HKEF_GRAFH));
133 2 CALL REP_INFO:
134T IF FAR_TARGET THEN CALL FRINT (BFAF_FANGE_DATAs LENGTH (FAK_RANGE_DATA));
136 2 ELSE CALL FRINT (BNEAR_RANGE_DATAs LENGTH (NEAR_RANGE_DATA)):
17 2 FAST =y
138 2 HREFRO = 0
19 7 HFREFFLAG = 1
1402 STARTBIT = 1
417 HEREF GO = 1
1422 END WORIZONTAL_REF_RO;
143 1 RESULTS! PROCEOURE FUELIC;
1442 FAST = 0i
145 2 IF HIT_PAPADE_MEMORY THEN CALL HIT_FARADE:
147 2 IF HIT_SHOFT_MEMORY THEN CALL HIT_SHOKT;
149 7 IF UEAD_EIRD_MEMORY THEN CALL DEAD_EIRD;
151 2 FAST =
152 2 V_KEF_FLAG/K_KEF_FLAG = (:
153 2 ENO_REFRISE = 0i
194 2 END RESULTS:

135 1 CHECK_FOF_ALTO_EORE: FROCEDURE

15 7 DECLARE CHARACTER EYTE:
f;; 157 2 IF SHF (INFUTLCOEMI .11 THEN DO;
b 159 3 CHARACTER = INFUT +ODCH);
::l 16¢ 3 IF CHARACTER = 2 THEN DO:
N 162 4 CALL FRINT (RAUTO_EORESIGHT_MESG+ LENGTH(AUTO_BORESIGHT MESG));
@ 163 4 AUTD_EORESIGHT = 1;
164 4 END:
165 3 IF CHARACTER = 3 THEN COACH_ON = 1
167 3 IF CHARACTER = 160 THEN COACH_ON = 0i
169 3 IF CHARACTER = 100 THEN FGN_WAIT = 1;
. 171 3 IF CHARATTER = 70 THEN FOH_WAIT = 0:
® 173 3 END;
F'. /lllllllllllllllllllll!lll!lXl!lllllllllllllllll!lllllllllllll
" ODEH IS USART_STATUS, ODCH IS USAKT DATAs 2 IS CTRL_E:
(LR R bR et ettt il Rttt tiieRstateittetsttetesistsiiv
174 2 END CHECY _FOF_AUTO_gOKE
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175 1 SET_USART: PROCEDURE;

176 2 USART_SET_UP: .
QUTPUT(TIMER_CNTRL) = CNTR2_MODE; /
177 2 CALL  TIME(D); Y
178 2 OUTPUT(TIMER_CNTRL2)= LON_ADN; 5
179 2 CALL  TINE(D); =
180 2 OUTPUT (TIMER_CNTRL2) = HIGH_ADM; ﬂ
181 2 CALL  TINE(D); :
182 2 QUTPUT (USART_CNTRL) = USART_RESET: 3
183 CALL  TIME(1); 4
184 2 OUTPUT (USART_CNTRL) = USART_NODE; j
185 2 CALL  TIME(L): .
186 2 QUTFUT (USART_CNTKL) = USART_CMMND;
187 2 CALL TIME(1)
188 2 OUTPUT (USART_CNTRL) = USART_RESET:
189 2 CALL  TIME(D); )
19 2 QUTPUT (USART_CNTRL) = USART_MODE; :
191 : CALL  TIME(D); :
192 2 DUTPUT (USART_CNTRL) = USART_CMMND;
193 2 END SET_USART;

199 INGEST? FROCEDURE EXTERNAL+
195 END INGEST}

v

PR
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"

196 1 MATROX_START_UF: PROCEDURE EXTERNAL:
17 END MATROX_START_UF$

(B8]

’."l‘m'
s A e o 8

196 1 MATROX_DRAW: PROCEDURE EXTERNAL

[}
!

199 2 END MATROX_DRAW: &;
or
3

o EXECUTABLE STATEMENTS-----~e-eemm- 1/ N

200 1 IF FRESH_START <> ODCH THEN START_UP:DO; ff

W0z START_EIT = 0; )

203 2 OFFSET_Y, OFFSET_Y1» OFFSET_Y2» OFFSET_Y3 = 0;

208 2 OFFSET_Z» OFFSET_z1. QOFFSEY_Z2+ OFFSET_Z3 = Q%

209 2 NOFFSET_Y1, NOFFSET_Y2s NDFFSET_Y3 = 0i

206 2 NOFFSET_Z1+ NOFFSET_Z2y NOFFSET_ZI3 = 0i

207 2 COACH_ON = 0}

208 2 FRESH_START = QOCH:

209 2 END START_UF;

210 1 DUTPUT(PPI_CONTROL) = PPI_MODE:

211 1 QUTPUT(PPI_PORT_C> = KESET_EIT_CO: /® SET PORT C BIT O T ZERQ ¥/

212 1 CALL TIME (15000):

23 1 START_BIT = 0;

214 1 FASTy HIT_KILLy HIT_KILL_MEMs WIT_DISAELE. HIT_DISABLE_MEM = 0

245 1 BIRD_HITSsEIRD _HITS_MEM»PGH_WAIT = 0i

a6 1 CALL SET_USARTS

27 CALL SET_USARTS

218 1 QUTFUTC10H) = 03 /x SET GSCALE_VAL T0 0 x/
219 1 BIT_BUCKET = INFUT(14H); /x START ERASE CYCLE =/

173
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b
1 DO WHILE NOT (INFUT(12H)); /% WAIT TILL MATROX IS THRU WITH ERASE x/ o
2 END;
/ERExxxxxaxxxxxxaxXxXXXCLEAR THE RETRO_GRAPHICS SCREENTXXXIXXXXX/
22 1 QUTPUT (USART_PORT) = CLEAF_SCREEN;
223 1 CALL  TIME(17000): /x DELAY UNTIL FINISHED (:185 MILLISECONDS)X/
24 1 CALL PRINT (RALFHA_MODE_HOME. LENGTH (ALPHA_MODE_HOME));
225 1 CALL TANK_INIT; /x GET SCENARIO INFO FROM CONSOLE %/
261 QUTPUT (USART_FORT) = CLEAR_SCREEN;
2271 CALL TINE (1700D);
/lllll!lllllllll DRQH THE CRAF‘H XX IR R XXX IR XN XXX XXX,
28 1 FAST = 0;
22¢ | START _BIT = 0;
230 1 FAR_TARGET = 1;
271 CALL  PRINT (@GRAFH_DATA: LENGTH (CRAFN_DATA)); -
2 1 CALL  FRINT (BMORE_GRAFH_DATA» LENGTH (MORE_GRAPH_DATA)); v
233 1 IF FAR_TARGET = 1 THEN e
234 1 CALL FRINT (@FAR_RANGE_DATA» LENGTH (FAR_RANGE_DATA)); .y
215 | ELSE  CALL PRINT (@NEAR_RANGE_DATAs LENGTH (NEAR_RANGE_DATA)); b
'\;-}4
236 1 CALL SMOKE_INIT; e
2371 CALL  GAE_INIT: o
238 1 CALL  HATROY_START_UF; o
239 1 HIT_PARADE_MEMDRY = 0: e
240 1 HIT_SHORT_MEMORY = 0 b
41 1 DEAD_BIRD_MEMORY = 0 s
242 1 H_REF_RQ»V_REF_RO+H_REP_GO+Y_REF_GO+END_KEFRISEsEIRD_DT_RDY,EIRD_HITS, A
FELL _SHORT+EIRD_MISSESsEAD_RISS+DATA_RDY1,Y_REF_FLAGYH_REF_FLAG» ok
STAKT _EIT = 1; ]
243 1 CALL  INGEST; "

E<- 44 1 00 FOREVER;
e 45 7 00 WHILE DATA_RDYL - 1i  /x WAIT TILL TOW EOAFD HAS TRANSFERED DATA
o0 10 THE FIFY’
?§, 24¢ 3 IF EIRD_HITS THEN DO
o 248 4 EIRD_HITS_MEM = 1;
. 249 4 BIRD_HITS = 0}
P 250 4 CALL HIT_PARADE:
- %1 4 END;
o |
& 5003 IF HIT_KILL THEN 0O;
w 254 4 HIT_KILL_MEM = 1;
& 255 4 HIT_KILL = 0;
' 25 4 CALL HIT_PARADE:
o 57 4 END;
[ &
.- 258 3 IF HIT_DISAELE THEN DO
L 260 4 HIT_DISABLE_MEM = 1}
. 261 4 HIT_DISAELE = 0i

262 4 CALL HIT_PARADE;

174
N .ﬁ':_ R
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263 4 END}

264 3 IF BIRD_WISSES AND GRND_BIRD THEN CALL DEAD_BIRD:

266 3 IF FELL_SHORT THEN CALL HIT _SHORT; o
268 3 IF H_REP_RQ THEN CALL HORIZONTAL_REP_KQ: o
270 3 IF END_REPKISE THEN CALL RESULTS: $d
272 3 CALL CHECK_FOR_AUTO_BORE; 'f:
273 3 DO WHILE PGH_NAIT:

279 4 CALL CHECK_FOR_AUTO_BORE:

275 4 END}

276 3 ENDi

77 2 DATA_RDY1 = 0j /%  RESET TILL SET AGAIN LY
278 2 CALL  PRINT(@POINT_MODE» LENGTH (POINT_MODE))j

279 2 CALL GAE_DRIVER:

280 2 CALL OCTAGON_DRIVER}

281 2 END}

282 1 END MAIN_MODULE;

MODULE INFORMATION:

CODE AREA SIZE = 0E27H 36230
CONSTANT AREA SIZE = 0000H 00
VARIABLE AREA SIZE = 000CH 120
MAXTHUM STACK SIZE = 001CH 28D
588 LINES READ

0 PROGRAM ERROR(S)

END OF PL/M-84 COMPILATION
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/9 1
(;-' 1
o LoC Ogd SEQ SOURCE STATEMENT
“ 13 17 SEFTEMBER 1992 X
5 : 34
o §; FROGRAM PRODUCES SOUNDS FOR THE FLIGHT OF A TOW WISSILE 'y
-, c ]
Sl ) .
L 6 :1
- 7 ]
1) 0009 8 06 0 j
0000 040€ 9 JNP OBM :
10 j
Fo 0003 1 ORG 3 :
e 0003 4482 12 JKF INTERR ]
e, 13 ’
_ 0007 14 oG T
- 0007 1609 15 JIF TEMAF
- 0009 4434 16 TEMAR! JNF TIMER
o 17
- 000K 18 ORG  OBH
O 000E: 23FF 19 RESET: MOV As#OFFH
| 0000 39 2 WUTL LA
pey 000E 34 2 0utL  F254 i INITIALIZE FORTS
L 000F 9AFC 22 ANL  PZy40FCH i SET UF BC1'S 111171100
e 0011 05 23 EN I i ENABLE EXTERNAL INTERRUFT ALLONING
e 24 COMMUNICATION NITH THE HOSE COMFUTER
e 0012 7422 25 CALL  RESGAA i RESET THE SOUNT GENERATORS
0014 7427 z CALL  RESGEE
. 27
-,
b 9016 E802 28 CLEAR: MOV RO.42 i RAM POINTER
- 0018 B93E 29 KOV R1:#620 i RAM COUNTER
- 0014 27 30 CHASE: CLR A
AR 0016 A0 3 MOV eROvA i ERASE ALL RAM LOCATIONS
) 001C 18 3 I RO
001D E91A 3 DINZ  K1+CHASE ;
.."_." 34 .
A 001F 75 35 ENTO (LK i ENABLE THE 2 MHZ CLOCK FOR THE FSG'S :
RN 0020 2346 3% WOV A4720 .
oty 0022 62 37 MV ThA :
®: - 0023 25 38 EN TCNTI ;
T 39
‘ LRt 0ttedtdettpottitdtettttettettottteeioditeetitiofiteetetisioceteciiisiy .
R 1 .
2 i MAIN LOOF ROUTINE WHICH LOOKS AT REO REGISTERS RS/Ré» AND R7
e 43 AND DETEKMINES WHETHER TO MAKE THE FOLLOWING SOUNDS: ;1
IR L (1) TRIGGER PULL (FS=FFH) |
[ 5 (2) IHPACT-HIT  (Ré=FFH) 3
N 4 ; (3) IMPACT-MISS (R7=FFH) y
.n_“:-:' *7
Y 0024 FO 48 MALOOP: MOV AoRS
"t 0025 C42E 9 J2 CHKHIT i CHECK FOR TFICGER FULL. JUNF IF NOT THERE
0. 0027 143F 50 CALL  TRIGER i ROUTINE TO MAKE LAUNCH SEQUENCE SOUNDS
S 0029 EDOO 51 MOV RS0 i CLEAF FLAG REGISTEF :
o 0028 FE 52 CHRRIT: WOV AsRé
P -
AN
N 177 :
o '
3::;-: .

.
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'@ LOC OB SEQ SOURCE STATEMENT )
- A
- 002C €438 53 J CHKKIS i CHECK FOR AN IMPACT-HIT. JUMF IF NOT THERE p
b 002€ 5400 54 CALL  HITSOU ; ROUTINE TO NAKE IMPACT-HIT SOUNDS :
S5 0030 BDOO S5 DOLOOF: OV RS»#0 i CLEAR ALL FLAG REGISTERS SINCE FLIGHT OVER -
3 0032 BE0O 56 KOV Rés#0 1
{ 0034 EFO0 57 MOV R7,40 i
S 0036 0424 S8 JNP NALOOP
- 0038 FF 59 CHKNIS: MOV AWR7 ]
2039 C624 60 JI HALOOP i CHECK FOR AN IMPACT-MISS. JUMF IF NOT THERE .
003k 5458 61 CALL  KISSOU i ROUTINE TO MAKE IMFACT-NISS SOUNDS :
0030 0430 ¥ JNF DOLOOF -

IEEER i3t tottisettttttetttittioateciioiottotiostodeijtostedddototedsstsotesd
85

46 THIS ROUTINE PROUDUCES THE LAUNCH SEQUENCE SOUNDS IN THIS ORDEF
67 3 (1) GYRO WIND-UF FORK 1.5 SECONDS
68 3 (2) LAUNCH MOTOR EXFLOSION
89 i (3) ROCKET MOTOR BURN OF 1 SECOND
70 (4) FADE AWAY SOUND EFFECT
71
72 jommmmmeme- GYRO SOUND----------
73
003F E6L0 74 TRIGER: MOV RO:#070H i FINE TUNE
0041 EOOC 75 MOV BRO0
0043 7411 76 CALL  SENDA i THIS IS AN ATTENPT T0 DO A "FOP”
0045 18 77 IN RO
0046 E001 78 MOV eRO#L i COURSE TUNE
0048 7411 79 CALL  SENDA
D04A EBZ7 80 MOV RO-H027H ; ENABLE
004C EOF4 81 HOU  BRO/#3460 i CHAMNEL A
004E 7411 82 CALL  SENDA
0050 18 83 IN RO ; ANFLITUDE .
0051 BOOF 84 MOV @RO,$OFH P HAX .
0053 7411 85 CALL  SENDA o)
86 %
0055 EAb4 87 WOV k2441000 i DELAY 100 MSEC ;1
0057 742¢ 88 CALL  DELAY -
8y )
0059 8B4 90 MOV R3,4100D i LOOF COUNTER (DECREMENTS ONCE FER LOOF) »
005 BB2E 91 MOV ROs#O2EN i LOCATION OF FINE TUNE FORk FREQ #1 ]
0050 EOAC 92 MOV @RO/,#04CH i FINE TUNE PERIOD FOR #1 (NUST EE EVEN) .
\ 005F 18 93 IN RO i LOCATION OF COUKSE TUNE FOR FREQ #1 ¢
b 0007 E001 94 WOV eRO+H i COURSE TUNE PERIOD FO $1 B
E;;- 0042 EB3E 95 MOV RO+#O3EH i LOCATION OF FINE TUNE FOR FREQ #2 R
v 0064 EOFE 96 MOV @ROsHOFEH i FINE TUNE PERIOD FOR 42 (MUST EBE EVEN) -
b 0066 18 97 IN RO i LOCATION OF COURSE TUNE FOR FREQ #2 )
;;‘- 0067 £000 98 MOV @R+ #0 i COURSE TUNE PERTOD FOR #2 B
ro. 99 ‘il
L 0069 E8ZE 100 MOV KO+#OZEM i INITIALIZE AT FREG #1 -
T 101 -
- 006F E920 102 GYSET: MOV K1,#020H
A 006D FO 103 MOV ABRO i GET FINE TUNE
b 004 Al 104 MOV @R1yA i 20H GETS FINE TUNE VALUE
'@ 004F 19 105 IN Rt i R1 GETS 21H
R 0070 18 106 INN RO
S 0071 FO 107 MU AsBRO ; GET COURSE TUNE
>':'-j
e
s 178
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R Loc 08J SEQ SOURCE STATEMENT k-
[~ 0072 Al 108 MV @RI i 21H GETS COURSE TUNE VALUE
o 0073 £820 109 MU RO+#020H i FINE TUNE LOCATION
= 0075 7411 110 CALL  SENDA
*e 0077 18 111 IN RO i COURSE TUNE LOCATION :
A 0078 7411 112 CALL  SENDA %
Lo 0074 E8Z6 113 MOV RO+$026H i NOISE LOCATION -
O 007C BOOF 114 HOV  @RO.#0FH i NOISE TO MIDRANGE "
L 007E 7411 115 CALL  SENDA '
0080 18 116 INN RO i ENABLE LOCATION
0081 BOF6 117 HOU  BRO,43660 i 11/110/110
0083 7411 118 CALL  SEMDA
0085 18 119 INN RO } AMF LOCATION 28H FOR CHANNEL A
0086 EQOD 120 MOV @RO,$0DH i HAY ANF
0088 7411 121 CALL  SENDA
122
008A BACE 123 Hou (294140 i CALL 14 msec DELAY FER LOOF
008C 742C 124 CALL  DELAY ; TOTAL LOOF TIME = 014 x (R3) = 1.4 SEC
25
008E EE94 126 DJNZ  R3/GYDOC i JUMF TO CHANGE FREQUENCIES
0090 7422 127 CALL  RESCAA i OTHERWISE SILENCE THE PSC AND
0092 2400 128 JHF - LEXFLO i JUMP TO LAUNCH EXFLOSION
129
0094 FE 130 GYDOC: MOV AsR3
0095 129D 131 JRO  GYRAA i CHANGE FREQUENCIES
0097 ES82E 132 MU ROy$0ZEH
0099 1443 133 CALL  GYREE
009 046E 134 JHF GYSET
009D BB3E 135 CYRAA: MOV RO+$03EH
009F 1443 136 CALL  GYREE
00a1 044E 137 JHF GYSET
138
0043 F9 139 GYRBE: MOV As@RO i NEXT TIME THRU LOOF FREQ'S #1 & #2 WILL
0044 96AC 140 UM GYRCC i SOUND HIGHER
0046 18 141 INN RO
0047 FO 142 KOU  AsERO j 111 FREQ FERTODS MUST BE GREATER THAN
0048 07 143 DEC A i 200 OF THE SOUND WILL MESS UF WHEN QUERFLOW
0049 AG 144 MOV BROsA i OCCURS HERE!!!
0044 (8 145 DEC RO
00AE FO 146 KOV AsBRD
00aC 07 147 GYRCC: DEC 4
004D 07 148 DEC A
00AE A0 149 MV @R0sA i DECKEMENT EACH FREQUENCY EY 2
004F 93 150 RETR
N 151
. : (YA $ 28880000 ttetttttetitinittetitttateioiteeesttieetiedttititestatodespttttti]
Q. 153
T 0106 154 OKG 100
o 155
ol 156 JRXXXXERAAAARAXTITZNIRNTSNNY
M 157
= 158 ; LAUNCH EXPLOSION FOR ----- PSG-E » CHANNEL-A
X 159
A 0100 7427 160 LEXPLO! CALL  RESGEE i CLEAR QUT FSC-E
161
N 0102 80 162 MOUX  AsBRO i START FULSE TO TIMER
b.‘.- .i

@ 179
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/@ LOC OfJ SEQ SOURCE STATEMENT »
‘ . .
o 163 g
- 0103 E82¢ 164 KOV RO+$026H i NOISE LOCATION ]
S 0105 EO1F 165 HOU  @RO+HO1FH i NOISE PERIOD VALUE i
o 0107 7400 166 CALL  SENDE .
Lu 0109 18 167 INN RO i ENABLE LOCATION o
e 0104 EOF7 168 MOV @RO-#3470 i 11/110/111 4
" 010C 7400 169 CALL  SENDE -3
- 010€ 18 170 INC RO i AMP LOCATION FOR CHANNEL A R
010F B010 171 MOV @RO+#10M i ENABLE ENVELOFE ~
0111 7400 172 CALL  SENDE i
0113 E82E 173 MOV RO, #02EN i FINE TUNE ENVELOFE LOCATION o
0115 £000 174 MOV @RO:40 i FINE TUNE ENV VALUE !
0117 7400 175 CALL  SENDE X
0119 18 17¢ INN RO ; COURSE TUNE ENVELOPE AT 2CH N
0114 E020 177 MOV @RO#020H i COURSE TUNE VALUE 2
011C 7490 178 CALL  SENDE -
O11E 18 179 IN RO i ENVELOPE SHAPE/CYCLE 2
011F EO0D 180 HOU  @RO.$D i DECAY £
0121 740¢ 181 CALL  SENDE y
182
0123 S5 183 STRT 1
184
24 E907 185 MU R1L#7D i DELAY 0.8 SEC TILL EURN
012¢ 7433 186 CALL  DALAY
187
188 ;lﬂﬂﬂlll!lﬂllllllllllllll!ll"ﬂllﬂllll!lllﬂllll!ll!llllllllllllﬂll -‘
189 -
199 4 ROCKET BURN ROUTINE ---- PSG-A + CHANNEL-E b
191 o
0126 7427 192 CALL  RESGEE i SILENCE E b
0124 7422 193 CALL  RESGAA i CLEAR OUT PSG-A 1
194
012C EEAO 195 MOV R3,41600 i LOOF COUNTER
012€ EB29 196 KOV RO,#029H i AMP LOCATION FOK E
0130 EO9F 197 MOV @RO:#0FH i INITIAL VALUE .,i
0132 AS 198 Lk F1 i AMF FLAG -
19¢ =
0133 E8Z¢ 200 BURN: MOV RO+ #026H i NOISE LOCATION 4
0135 EO1F 201 KOV @RQ+#IFH i NOISE PERIOD VALUE 1
n137 7411 202 CALL  SENDA T
0139 18 203 INN RO i ENABLE LDCATION 27H -
013A BOEF 204 KOV R0+ 43570 i 11/101/111 Y.
013C 7411 205 CALL  SENDA -
013E £829 206 MOV KO»#029H i AMP LOCATION 29H FOR CHANNEL B -
0140 FE 207 MOV AWR3 =
0141 9240 208 JE4  NATT 3
0143 764E 209 JF1 CHAF .
- - 0145 FO 210 MOV ABRO .. ]
o 0146 Co4E 211 J CHAF o
o 0148 07 212 DEC A .
o 0149 A0 13 WOV BRO1A o
. 0144 E5 214 CPL Fi o
Y 0148 244E 215 JKF CHAF ]
b os 0140 AS 216 NATT: (LR F1
v 014€ 7411 217 CHAF:  CALL  SENDA
L;_:.
wl
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Lot

- 0150
0152

o 0154

0156
0158
0154
015€
015D
. 015F
- 0161
" 0143

- 0165
-, 0167
0168

) 0164
0168
- 016D
- 016F
: 0171
0173
0175
0176
S 0178

. 0174
‘) 017¢
0170

o 017F
- 0181
o 0182
' 0184
RO: 0185
o 0186
o 0187
w- 0189
E 0184
-0, 018¢
016E
0190
0192

0194
®: 019%

- 0197

0k

EAOA
742C

EB33

7822
7422

c
o

EEBFE
BBz
go0C
B8y
BOOF

£82:
10

7490
18

2001
740¢
BRZ
EQOF
7400
18

ROED
7400

6829
FE
928%
T4tk
PO
CéBA
07
A0
]
2484
AS
7400

BAOA
747

EE9T
742
7427
93

2465

SeQ

218
219
220
221
222

ro
~
w

9

[ SIS I S R 6 T TS B AN BN
L2 W)Y DY
[ =T = I = = IRV « S |

ra
ph

r
[ 7]
wr

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251

cr
250

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

Arn
- ¢

SOURCE STATEMENT

oA
KOV (214100 i CALL A 10 MSET DELAY PER LOOF -
CALL  DELAY -
DJNI  R3+EURN ~r
R R Bttt R ettt sttt ittt eteitieiedietatedtisdatteitisiqisdftetd i .
; FADE ANAY ROUTINE ON PSG-E CHANNEL E »
4
CALL  RESGAA A
CALL  RESGAA =
Lk Fi i AMF CONTROL FLAG S
MOV K3 #0FEH i LOOF COUNTEF v
MOV RO/#022H i LOCATION OF FINE TUNE "
MOV QRO+ #0 i INITIAL VALUE -
NOV  ROC#029H i LOCATION OF AMP CHANNEL E o
MOV ROy $OFH i INITIAL ANF TO MAY =
WHISTL! MOV KOs#022H i FINE TUNE LOCATION N
INN 8RO i INCREMENT FINE TUNE FER LOOF s
CALL  SENDE 2
IN RO i COURSE TUNE LOCATION .
MOV @R0$1 i COURSE TUNE VALUE o
CALL  SENDE 0
NOV  RO«#)2¢H i NOISE PERIOD LOCATION N
MOV @RO:#OFH i MIDRANGE -
CALL  SENDE r
INN RO i ENAELE REGISTER LOCATION -
NOU  @RO,$355 i 1171017101 L
CALL  SENDE Ry
HOV  RO»#029H i AMF LOCATION FOR CHANNEL A
KOV AsR3 i DECREMENT AMF FOR EACH CHANGE IN P4
JE4  NOCH
JFL CHAN e
MOV AsBRO i ENSURE ITS NOT ZERQ g2
JI CHAN e
DEC A g
MOV PROv4 )
L F1 i FLAG NOT TO DECREMENT .
JHF CHAN :
NOCH! CLR  FI :
CHAN:  CALL  SENDE
MOV R2,$10D
CALL  DELAY i DELAT PER LOOF = 10 MSEC .
DUNZ  R3/HHAFFL -
CALL  RESGA& » CLEAR EOTH FSG'S ot
CALL  RESGEE R
RETF rd
WHAFFL: JNF  WHISTL -
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'S Lot 0eJ SEQ SOURCE STATEMENT

ha'als s bl o il L.__._._J

IR 2 5 PR R0ttt etitotetteesetttttieditesiesieitptotitoetieiisdteietsig
274
0700 275 OKG 200
276
277 1388880883803 8800¢8380838¢8¢4
278
0200 80 279 HITSOU: MOVX  A»@RO i STOP PULSE TO TIMER
280
0201 B824 281 MOV RO, #026H i NOISE LOCATION
0203 BOIF 282 MOV EROVEOLFH i VALUE
0205 7411 283 CALL  SENDA
0207 18 284 IN RO i ENABLE LOCATION
0208 EQDF 285 MOV eK0,#3370 P 1170117111
0204 7411 286 CALL  SENDA
020C E82A 287 KOV RO, #07AH i CHANNEL C AMF LOCATION
020F £004 288 MOV BRO+#4 ; FIRST EXPLOSION AMF
0210 7411 289 CALL  SENDA
290
0217 EAFA 291 MOV R2+4250D i 250 MSEC DELAY
0214 742C 292 CALL  DELAY
293
0216 7422 294 CALL  RESGAA
295
0218 E8Z6 29 HOU  ROs#0Z6H i NOISE
0214 EOIF no7 MOV BRO,#01FH
021C 7411 3 CALL  SENDA -
021E 18 299 I RO ; ENAELE 4
021F EQODF 300 MOV @RO.#3370 P 1170117111 g
0221 7411 301 CALL  GENDA "
0223 E8ZA 302 MOV ROv#OCAH i AMF FOF C 3
; 0225 EOCH 303 MOV @RO/#0AH R
S 207 TA1L 304 CALL  SENDA "
[ 305 5
L 0229 EAFA 304 HOU  R2,42500 : 250 MSEC DELAY 1
m 0226 742 307 CALL  DELAY .
_ 308 B
L 0220 422 30¢ CALL  RESGAA 5
o 310 R
070F E80s 311 MOV RO-#076H : NOISE R
0231 EOIF 31C MOU  BROCIFH ]
6237 7411 313 CALL  SENDA 1
(225 18 314 INC ) i ENABLE 1
0I% EODF 315 HOU  @KO.#3370 1170117111
0238 7411 316 CALL  SENDA R
0234 BRZA 317 HOY RO»$02AH } AMF FOR C .
0230 £010 318 MOU  @RO/8010H i ENAELE ENVELOFE T
023F 7411 319 (ALL  SENDA P
0240 18 320 INC ) i FINE TUNE ENV .
9241 BN, 321 HOU  BRO 40 :
0243 7411 322 CALL  SENDA
0245 18 323 IN kO ; COURSE TUNE ENV
0245 EO40 324 HOU  @RO»#040H
5248 7411 25 (ALL  SENDA
0244 18 3¢ INC RO i SHAFE/CYCLE
024F E00: 327 MOU  BROWHG
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P VAL TR W LI ¥ )

LoC O&d
0240 7411

024F E9IE
0251 7433

0253 7422
0258 74827
0257 92

0258 30

7 B8Z¢
E EOLF
b 7400
F 1
0 BODF
2 7400
0264 ERIA
0264 EQIC
0268 7407
0264 18
0Z4E EOOO
0260 7400
0Z6F 18
0270 EQ4C
272 7400
0274 18
0275 BOOD
0277 7400

0282 €%
0283 Al
0784 ¢
(285 328t

Seq

328
329
330
331
332
333
334
333
336
337
338
339
340
341
34z
343
344
345
34¢
347
346
349
350
351
nen

2l

cn
NK)

354

53
35¢
357
358
35¢
38¢
361
362
363
364
3¢5
366
367
348
369
370
N
372
373
374
375
376

377

378
379
380
361
387

u_-r-<-“_‘\_-i:"~‘;_-'

SOURCE STATENENT

CALL

NOV
CaLL

CALL
CALL
KETR

SENDA

R1,#300D
DALAY

RESGAA
RESGEE

- e -.‘.-.'.-‘.1"'.'\~.'"'.‘_.'u“.T.-_.“;‘V, :I'-""""’V_-_-

i CALL A 3 SEC DELAY

PR 2038800080003t 8 080000000 0tteiinteissetsiitetsototoeteiottiectttetttttsostt

; SOUND TO IMDICATE 4 GROUND IMFACT OR MISS

MISSOU? MOYX

MoV
MOV
CALL
INC
MOV
CaLL
Mov
MoV
CALL
INC
MoV
CALL
INC
MOV
CALL
INC
MOy
CALL

Mou
CALL

CALL
CALL
RETF

A1 BRO

KOy $#026H
@R0+#01FH
SENDE

kG

PROs #3370
SENDE

RO+ 40284
@KOs#010H
SENDE:

0]

8RO $7
SENDE

RO

@R0+ $040H
SENDE:

RO

@R0,40
SENDE:

Riy$300
DALAY

RESGAA
RESGEE:

+ STOF FULSE TO TIMER

i EXFLOSION TO AFFEAR ON FSC-E CHARNEL-C

ENAELE LOCATION
10111l

..

AMF LOCATION FOR
ENABLE ENVELOFE

ENVELDFE FINE TUNE LOCATION
¢ VALLIE

ENVELOFE COURSE TUNE LDCATION
VALUE

ENVELOFE SHAFE/CYCLE LOCATION

+ CALL A 2.0 SECOND DELAY

R R bt R R Rt Rt iRt R bRttt ettt Rttt ititttotinitsostttetetisscetid

} INTEFRUFT ©QUTINE TO SET RECISTERS RBO RS.R&K7

t FORF ACC = 1t ---" REQ RS GETS FFH DESIGNATES TFIGGER PULL
i R R 2 1. ! IMPACT-HIT

} Y =01 - Y RT " FFH ' IMFACT-NISS

INTERRY SEL
MoV
IN
JE1

REO i
k4,8 1
Akl ‘
INCONT

kEO R4 FESERVED HERE

ENSURE REGISTEF EANY O
TEMFORAFY STORAGE
GRAE DATA

183

§

, .. ‘. ..
Pt S DA .
PRV ULy YU T DU

,\..
L W A

+

‘Y
PRI IR

‘ et T

PR .
. .
Al‘

T e - - - tra “-"._{
P P T VLSO S SIS SUPPORIE S, | Al

'

. R I
[T A B SN SN



O AJCAA S A AR R aCE LR SN P A e A A Y e A M AR A A O ST :

LOC OBJ SEQ SOURCE STATEMENT ;
L
! 0287 1297 383 JEO  IMFMIS § ACC = 01
{ 0289 4499 384 JNF INTRET
- 028 128F 385 INCONT! JEO  INTRIG + ACC = 1t
i 0280 4493 386 JHF IMPHIT  ACC = 10
E‘ 387 )
& 028F BOFF 388 INTRIG: MOV RS.#0FFH i FOR TRIGGER PULL
- 0291 4499 389 JHP INTRET N
0293 REFF 390 INPHIT: MOV Rés#0FFH i FOK IMPACT-HIT .
. 0295 4499 391 JNF INTRET o
[ 0297 BFFF 397 INFHIS: MOV K7+ $OFFH i FOR IMFACT-NISS o
393 n
0299 FC 394 INTRET: MOV Arka i RESTORE ACCUMULATOR ’
0294 EC14 305 ILOOFA: MOV R4, $200 i DELAY 100 usec TO ALLOW INTERRUFT LINE
02°C ECYC 396 INLOOF: DJNZ R4 INLOOF i TO RETURN HIGH
029€ 8694 397 JNI ILOOF# i KEEF LOOFING TILL INTEFFUPT RETURNS HIGH -
0740 93 398 RET N
29¢
LIS $ S80S0 8¢ 0000t tattittieteessttiettactttitesitsitstedtessteteitstesseed '
401
0300 492 0 300H
407
404 ; SUERQUTINE TO SENC DATA TG FSG-E: o
405 >
030 7F 406 SENDE: AML FZe407FH i CHIF SELECT FSG-E (0111 1111 s
407
0302 F 408 MOV Ar@RO
0302 A9 409 MOV R1rh i F1 GETS DATA
0304 F8 410 MOV AsRO
0305 530F 414 ANL A1 $0FH i ACC GETS ADDRESS OF FSG REGISTEF >
41?2
0307 BAOZ 413 ORL 2142 i PIN EC1 SETS FSG TO *READ"
0309 90 414 NOVX  @ROsA i "LATCH ADDRESS' TOGGLED EY WRITE FIN Ok 4f
030~ OAFL 415 ANL P21 40F DH i PIN BC1 SETS FSG TQ *INACTIVE®
030C F9 414 MOV Ark1 i GET DATA .y
H300 9 417 MOVX  BROsA i "WRITE® 70 FSG .,._
418
030E 3AB0 419 ORL P2 $080H ' DESELECT PSG-E
0310 93 420 RETF
421 -
427 SUEROUTINE TO SEND DATA T0 FSG-A ST
423 »
' 0311 QADF 424 SENDA! ANL FZs400FH i CHIF SELECT ¢1101/1111) s
'...‘ 25 R
e 0313 FO 426 SANAGT MOV AYBRD S
:" 0314 AY 427 HOY R1sA i K1 GETS DATA -
o 0315 F3 428 MOV AsRO o
-4 (316 S30F 29 ANL Ay $OFH i aCC GETS ADDRESS »
- 430
v 0318 8A0! 431 oL Firdl i FSC TD "READ® STATE
X 0314 90 432 HOVY  BRGe4 i S0 T0 "LATCH ADDRESC® CTATE
v 031 9AFE 433 ANL PZyHOFEH i EACH TO "INACTIVE® STATE
. 0310 F9 434 HOU AR e
b q 031E 90 435 HOVY  BROv& i TOGELE FSG THRU "WRITE' CYLE ®
" 92¢ .
. 031F BAZY 437 ORL FZs#020H i DESELECT FSG-E -
. e
L) o
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GOURCE STAT ENENT

N Loc  0J SEQ
( 0321 M 438 RETR
3% 439
-_'C_-‘_ 440 ;llllllllllllllllllilllilllllllllll!lll!lllllllllllllllllllllllllllllllllll
.. M1
-:;I?_* W2 ROUTINE T0 RESET GOUND GENERATOR w
c a3
A 0322 9REF a44 RESCAAS ANL P2, 40EFH s RESET FSG-A 111071111
A 0324 8A10 M5 gRL  P2rI0L0M s CONPLETE RESET CYCLE 000170000
*j:- 0326 93 A4b RETR
: 2 3 W
N < M8 ROUTINE TO RESET GOUND GENERATOR 8
> 49
s 0327 JREF AS50 RESGEE: ANL P2, $0BFH : RESET FSG-E 101171111
:‘511.; 0329 BA%0 151 QL PLri0AH . CONPLETE RESET CYCLE 010070000
AL 0328 93 452 RETR
AN 453
“e
-:f.:jﬁ:, A5A S DELAY ROUTINE —~ DELAY = K2 X 001 SECONDS
— 455
AT 032C B8C8 456 DELAYS HOV R0 $OCEH s RO<--2000
;::{;-:-ji;. 032€ €82 457 DLOOP: DUNZ RO+DLOOF 5200 % S KICKO-SEC PER INSTRUCTION
NN 0330 EA2C 458 DINZ  RL:DELAY . g2 X 1 WICRO-SEC
NS 0332 93 353 RETR
AN 440
i a1 DELAY ROUTINE —~ pELAY = RL X ,100 SECONDS
(A a2
SN 0333 Bhsd 453 DALAYS MOV R2, 41000
0335 742C bt caLL  DELAY + CALL UF A 100 HILSEC DELAY
0337 E933 445 Nz R1/DALAY
0339 93 Abt RETR
447
468 ;lllllllllllll!lllllllllllll!ll!llllllllllllllllllllllllllllllll!llllll
a9
033A 09 470 TINER: SEL REL
033E AR A74 oV 29h + TEMP STORE
72
0330 2348 473 woy  Aed720 + REINITIALIZE TINER
033 62 474 wov TR
A7S
033F 18 476 we ke
0340 F8 477 Wy ARO
- 0341 €649 A78 J TIMINC . INCREHENT UPPER BYTE OF TIHER
NG 0343 F9 479 wy AL + CHECK FOR 20 SEC
R e 344 524C 480 g2 TIut
:,’.«'::-.'VQ o 034‘1; t;t 431 TINRET: WOV AsR2
‘,\ "q,¢ 4 ‘.'\_-‘: ).\! 03 J ‘82 L RBO
A Y 0348 93 483 RETR
<7 iy a4
'.,'i-..." 0349 19 ags, TIMINC! THC ki + INCREMENT UPFER gYTE OF TINER
RGN 034A 6446 A86 TIMRET
~ '.'-';\ q,s 487
N 2% 034C 80 488 TIMOUT: MOVK AveRO s gTOF TIMER
:'.C;-;. <l 0340 6440 Ag9 INFINLD JWF INFINL s INFIN LOOP TILL RESET
NN 390
YR 491
o 492 END
185
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BURN 0133 CHAW  pyg4 CHAF  o14¢ CHASE 0014 CHEHIT 002p
DELAY 0320 DLoor o32¢

DOLOOF 0039 GYDOC 0094

DALAY 0333
CYRAA  009p CYREE  00a3 GYRCC  0oAC EYSET 094
HITSOU 0200 1L00PA 0294 INPHIT 0293 INPKIS 0297 INCONT 02 INFINC 034p INLOOP 029¢ INTERR 0287
INTRET 0299 INTRIG 028f LEXPLO 0109 HALOOP 0024 MISSOY 025 T o014 NGCH 0399 RESET 000
RESGAA 0327 RESCB 0327 SANAA 0313 SENDA 0311 SEMDE 03¢y, TENAR 0009 TINR 0334 TININC 0349
TINOUT 034 TIMRET 0344 TRIGER 003F NHAFFL 0197 RHISTL 0145

ASSENEL Y CONPLETE, g ERRORS

Dy .‘-, ;"}‘i’.’." L I
LA O ’
'-_'.&._\..o' ". ) \
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>
"‘.
. Loc 08J
{
a
v
. d
0000
0000 040E
- 0003
o 0003 0427
\j 0007
. 200”1609
NS 0009 0427
o
6 0008
o 000F 23FF
[-. 000D 39
> 000E 34
55
. DOOF 99FE
0011 9FE
- 0013 8401
- 0015 75
N 0016 23FF
: 0018 62
0017 25
N 0014 45
- 0018 (5
Y 001C €802
"~ 001E BY3E
&2 0020 27
. 0021 AG
o 0022 18
- 0023 €920
oA
( 0025 0425
%
3o 0027 AS
N, 0028 BFFE
I 002A BEOI
e 002C BOOF
g 002€ 6901
o 0030 27
2 0031 90

SEQ SOURCE STATENENT

1 S NOV 1982

2

3

4 PETURN FIRE ROUTINE FOR STAGS-TOM

S

[

7 ORG 0

8 JHF OFH

9

10

11 ORG 3

12 Jup REFIRE

13

14

15 ORC 7

16 JIF TEMAF

17 TEMAP: JMP REFIRE

18

19
20 ORG 0BH

| KoV Ar$0FFH

22 OUTL  P1sA + INITIALIZE THE PORTS

23 ) P2:4

24

25 ANL P1+&#OFEH + SET EC1 LOMW
26 AN P2+ $0FEH ; RESET THE PSC

27 ORL {43 )\

28 ENTO  CLK + ENABLE CLOCK FOR PSG
29
30 MoV Ar$OFFH

31 MOV TsA i ENABLE TIMER/COUNTER INTERRUFT
R EN TONTI

33 STRT  CNT

34 EN 1

35

36 MoV ROs42 ; CLEAR OUT ALL RAM LOCATIONS
37 NOV R1+4620

38 CLEAR} CLR A

¥ nv 8RO»A

¥ INC kO

4 DUNZ  R1.CLEAR

42

43 LOBK: Jw LOOK + LOOP FOR RETURN FIRE CALLED
4“4

45 REFIRE: CLR F1 s ANPLITUDE FLAG

4% v R7$0FEH + LOOP COUNTER

47 MoV Ré1#1 ; INITIAL FINE TUNE VALUE FOK WHISTLE
48 Hov RS $0FH + INITIAL AMPLITUDE FOR WHISTLE
49

50 WHISTL: ORL P1r41 ; BC1 SETS PSG TO °READ®
5 CLK A

52 NOUX  @RO.A + LATCH FINE TUNE ADDRESS
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Loc 0eJ

0032 99FE
0034 FE
0035 90

0034 8901
0038 2301
0034 90
0038 99FE
0030 2301
003F 90

0040 8901
0042 2306
0044 90
0045 99FE
0047 230F
0049 90

0044 8901
004C 2307
004€ 90
004F 99FE
0051 23Fé
0053 90

0054 FF
0055 9260
0057 7661
0059 FO
005 Céél
005C CO
0050 BS
005E 0461
0060 AS

0041 8901
0063 2308
0065 90
0046 99FE
0048 FD
0069 90

004 BAOS
004C 1485

006E 1t
006F EFZE

0071 9AFE
0073 8401

0075 8901
0077 2304
0079 90

0074 99FE

.

'-'.‘_. e Pty T PO L T
oy R -45_‘3‘*&:‘*:.'0..&_‘.&.‘\?;

SOURCE STATEMENT

3 ANL
Ny MoV
B HOVX
»

Vv ORL
8 NV
3 HOVX
60 ANL
) Hov
62 MOVX
63

4 ORL
65 KoV
& MOVX
67 ANL
68 nov
69 HOVX
70

1) ORL
72 Hov
7 MOVX
74 ANL
75 NOV
76 NOVX
77

78 Hov
79 JB4
80 JF1
81 MOV
82 Ji
8 DEC
84 cPL
85 P
86 NOCH: CLR
87

88 CHAN:  ORL
a9 nov
90 HOVX
91 ANL
92 Nov
93 MOVX
94

o] nov
9 CALL
97

98 INC
4l DJNZ
100

101 EXPLO: ANL
102 ORL
103

104 ORL
105 MoV
106 MOVX
107 ANL

R
BRI
VIR W,

P1$0FER
ArRé
2R0s4

P1r#1
(117 31
R01R
P1s$OFEH
hrdl
#R0+0

P1e8}
Ardb
ROr4
P1+8OFEM
Ay $OFH
8R0sA

Pir#l
a7
PRO1A
P1+$0FEH
Ar #3660
#R0sA

ArR7
NOCH
CHAN
AsRS
CHAN
RS
Fi
CHAN
Ft

Plr#}
Ard8
eRO»A
P1+40FEH
AsRS
€ROsA

R2:45
DELAY

Ré
R7 1 MHISTL

P2y40FEH
1 231 3

Plshi
Ardb
@ROrA
P1/$0FEH

- - L -
-----

FINE TUNE VALUE

-

LATCH COURSE TUNE ADDRESS

-

; DATA FOR COURSE TUNE

; NOISE PERIOD ADORESS

i MIDRANGE

-

; EMAELE REGISTER ADDRESS
: CHANNEL A ONLY

: JUNP FOR EACH 1/16 OF T0TaL LOOF
; PREVENTS OVER DECRENENTING

i GET AWP

i CHECK FOR ZERO

; DTHERWISE DECREMENT ANPLITUDE

} AMPLITUDE LOCATION

; CALL A Sesec DELAY PER LOOP
; INCREMENT FINE TUNE

; ERASE ALL LOTATIONS

i LATCH MOISE ADDRESS

188
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e e Ay

P

,.
. Q%A Y

TNENXA

AR NA

S,

] I YL 2t NERET AT Gy

YA

LoC 0BJ
007C 231F
007E 90

007F 8901
0081 2307
0083 90
0084 99FE
0086 23kD
0088 90

0089 8901
008B 2309
008D 90
008E 99FE
0090 2310
0092 90

0093 8901
0095 2308
0097 90
0098 99FE
0094 27
0098 90

009C 8901
009E 230C
00A0 90
00A1 99FE
00A3 2340
0045 90

00A6 8901
0048 230D
0044 90
00AE 99FE
00AD 27
00AE 90

00AF BAFF
00B1 1465

00B3 0483
0085 £6C8
0087 EBE7

0089 EABS
008t 93

USER SYMBOLS

S0
108
109
110
i
12
13
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
124
135
136
137
138
139
140
M
142
183
144
145
146
147
148
149 OLOOP:
150
151 OELAY:
152 DLOOF:
153
154
155
156
157

CHAN 0061  CLEAR 0020
REFIKE 0027  TEMAR 0009

ASSEMBLY COMPLETE.,

NO ERRORS

SOURCE STATEMENT

NV Ar#01FH
HOVX  @ROyA
ORL Plr#3
KV Ard7
MOVX  @ROsA + ENABLE CHANNEL £ ONLY
ANL P1y40FEH
HOV A $3550 ¢ 117101/101
NOVX  @ROsA
ORL 4% )
MV (11 ;4 + CHANNEL B
MOVX  @RO+A
ANL P1+#0FEH
Hov Ar$010H i ENABLE ENVELOPE
MOVX  @ROsA
ORL P1s#1
Nov Ar$0BN
MOVX  @ROsA + FINE TUNE ADDRESS
ANL P1+40FEH
CLR A
HOVX  BROsA
ORL Plo#t
MOV As$0CH
HOVX  @RO,A + COURSE TUNE ADDRESS
ANML P140FEM
MOV Ar$040H
HOVX  @RO,A
ORL P1+#1
NV Ar $0DH
HOVX  BROsA + ENVELOPE SHAPE/CYCLE
ANL P1,40FEN
CLR A
HOVX  @ROsA
MOV R2+40FFH
CALL  DELAY + DELAY 255 MSEC
JHP oLO00P
MoV RO+$0CBH + DELAY 1 msec PER R2 BIT
DJNZ  ROsDLOOF
DJNZ  RZ.DELAY
RETK
END
DELAY 00BS  OLOOP OOB7  EXPLO 0071  LOOK
WHMISTL 002E
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0025  NOCH 0040

0LOOP 0OR3

o8
A RN IN

Rt KNS

23",
RANSATING

L A
] 1]

.: r.‘q-. N
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4y &
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APPENDIX E

TERRAIN BOARD MODEL CONTROL PROGRAMS
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A
- Loc 08y SEQ
g 1
(] 2
3
- 1
A ;
X 6
N 7
- a
) 9
: 10
1
! 12
; 2
. 14
ad 15
N 16
Y ': 17
o 18
¥ 19
‘ 20
2
) 2
, 3
K- L
ol e
- 2%
. f‘ f 27
o 28
- 29
o 2
k74
- 33
e )
N 35
"N 3%
o 37
—~ 38
= »
o ~" 0
o 41
o 2
;ﬁi 3
e L1
. 4
NN 47
o 0000 48
AR 0000 0408 49
or 0
; 0003 51
. 0003 047C 52

N

3

o,
vl..
L N
" \_'
L"j
=

Sty
Vi

-

w-e wo we we

e we we we weo

e we we er

- “s ws wr s

- wr ws ee

-e we we wo

------------
.....

SOURCE STATEMENT

DECEMBER 15, 1982

.....

TRIS PROGRAM IS DESIGNED TO PASS DATA FROM A HOST COMPUTER T0 S
STEFFEF MOTOR CONTROLLERS (CYS12~1 THRU -5). 1IN TURN. THE 8741
uC PASSES POSITIONAL INFORMATION IN THE FORM OF A 14 BIT COUNT TO
THE HOST FOR EACH CONTROLLEF WHEN REDUESTED.

PORT1: (OUTPUTY

P10-F16 DATA BUS TO CY512'S
k17 N/C
POKT2: (CONTROL)
P20-P23 BUS TO 8243 1/0 EXPANDER'S 4 & E
P24-P25 N/C
P26 €S/ FOR 8243-A
P27 £S/ FOR B243-8

8243-A PORT FUNCTIONS ARE AS FOLLOKS:

P40 <-- CHIP SELECT (YS12-1
AL ¢-- 0 L8122
PAZ - ' (Y5123
PAZ 4-- ' CY512-4

P40 <-- DIRECTION FROM CYS1Z-1
Pé1 <-- ' ' CYs12-2
péz <-- ' ' CY512-3
P63 <-- ' ' CY512-4

P50 <~- PULSE OUTPUT FROM CYS12-1
P51 o~ 0 ' ' 051222
P52 <-- °* ' ¢ CYS1z-3
P53 (- ° ' *  [Y512-4

P70 <-- BUSY/READY FROM CY512-1
F71 4=- * 7/ * * (CY512-2
P2 ¢-- * / * * CYS12-3
F73 4-- " 7/ * * CYS12-4

B243-& PORT FUNCTIONS ARE AS FOLLONS!

P40 <-- SOFTHARE RESET CYS51Z-1

P41 ¢-- ° ' CYS12-2
P42 <-- ' CYS12-3
P43 - ° ¢ CYs12-4

P60 <-- BUSY/READY FROM LYS12-5
Fé1 <-- DIRECTION FROM CY512-5
P62 <-- CHIF SELECT CYS12-5

P63 <-- PULSE OUTPUT FROM CY512-5

P50 <-- RUN SIGNAL FROM CY512-1
PS2 4=- ¢ ¢ v CYS12-2
PS3¢-- * ' ' CY512-3
PS4 <-- * ' v [Y512-4

P70 <-- SOFTWARE RESET CY512-5
P71 <-- RUN SIGNAL FROM CY512-5
P72 <-- N/C

P73 <-- N/C

TEST PINS: T1 USED AS INTERRUFT TO COUNT THE FOSITION OF THE CY512

ftttiidtettdqiittotedtttiigetdddcopebititttbiotibttetottotttotbsditibositss

ORG 0
JHP 0BH
ORG 3
JHF COUNT
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RESERVE INTERRUFT LOCATIONS

+ COUNT ROUTINE
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ﬁi LOC 08BY SEQ SOURCE STATENENT
& 53
3 0008 54 ORC  OBM
8 0008 23FF 55 WOV A/#OFFH i INITIALIZE PORTS 1 & 2
0000 39 56 OUTL  PLWA
=) 000E 34 57 WTL  P2iA
58
:j 000F 9ABF 59 ANL  PZ/40BFH i SELECT 8243-A 1011/1111
N4 0011 230F 60 KOV ArBOFH
0013 3C 61 HOUD  P4yA i WRITE F TO OUTFUT PORT FOR CHIP SELECT
0014 2D 62 HOVD  FSA i INPUT PORT FOR PULSE
N 0015 3€ 63 MOVD  PésA i INPUT PORT FOR DIRECTION
414 0016 3F 64 MOVD  P7vA i INPUT PORT FOR BUSY/READY
¥ 0017 8A40 65 ORL  P2,4040H i DESELECT 8243-A 0100/0000
g 0019 9A7F 66 AL P20407FH } SELECT 8243-8  0111/1111
0018 230F 67 HOY  AsOFH
o 001D 3C 68 HOVD  PAsA i NRITE F TO SOFTWARE RESET LINES
~ 001E 30 89 HOVD  PSsA i INPUT PORT FOR RUN
By 001F 3E 70 HOVD  Pook i INPUT PORT FOR CYS512-5
0 0020 3F 7 NOVD  F7)4 i OUTPUT PORT FOR CY512-5
> 0021 8ABC 72 ORL  PZy#0BOK i DESELECT 8243-8  1000/0000
73
z 0023 £802 74 KOV ROW2 i RA LOCATION POINTER
¢ 25 B93E 75 WOV R1,$420 i COUNTER
b 0027 27 76 CLEAR: CLR A
- 0028 AG 7 WOV @ROsA i CLEAR OUT ALL RAM LOCATIONS
- 0029 18 78 I RO
\ 0024 E927 79 DJNZ  RIsCLEAR
- 002C AB 80 MOV ROA
< 0020 A9 81 MV RIA
N 82
- 002E 34C4 83 CALL  RESET i RESET ALL THE CY512'S
4 84
URIRRtbetepbietebibotttidiottodettobeioetitttiadectenctttttetitttifeteeitietotd
86
- 0030 D630 87 START! JNIEF  START i MAIN LOOF ROUTINE
o 0032 22 88 N AvDBE
~ 0033 AA 89 MOV R2sA i TENF STORAGE OF DATA
~ 0034 D354 90 XKL Ar#054H i CHECK FOR A °T* TO GET FRIORITY TRACK
0034 C43A 91 JZ FRIOR
0038 2400 92 JNF ISERV i JUNF IF TRACK NUMBEK OR °P* ek
93 T
0034 D434 94 PRIOR: JNIEF  PRIOR i LOOP TILL PRIORITY TRACK NUMEER APFEARS e
003C 22 95 N A+DBE =
003D 5418 96 CALL  XLATE i GET MASK IN Ré 2
003F FE 97 WOV ArRé >
0040 D5 98 SEL  RE -

[
bt

k- 0041 AD 9 MoV RSrA + SET MASK IN kS j,
:f 0042 C5 100 SEL REO ':-4'
0043 0430 101 JHF START .s':
s 102 "
‘ 103 PR e R bt Rt it i d ettt ittt ittt tttticoteanttttcqctbottcetttetitetd .'. b
= 104 7

.-j 105 » THIS ROUTINE KEEFS COUNT OF THE PRIORITY TRACK AND SENDS THIS COUNT :.:I
o 106 WHEN CALLED FOR (MSE FIRST). IF A *R" IS SENT THEN THE WOTORS STOF. .
" 17 o2
‘3’ 192 i




Loc 08y SEQ SOURCE STATEMENT
0045 9ABF 108 TEST: AML  P2,80BFH } SELECT 8243-A
0047 D5 109 SEL Rl
: 0048 00 110 PALOOF: MOVD  AsPS i GET PULSE DATA
s 0049 SD 1m ANL  AIRS i PRIORITY MASK OFF
D) 004A C642 112 32 PAGOON i JUNF OUT OF LDOF WHEN FULSE GOES LOW
,%. 004C Do48 113 JNIBF  PALOOF i LOOF IF NO INTERR AND FULSE Is HI
- 114
" 004E 22 115 N ArDEE
004F D343 116 XRL  Ar#043H i CHECK FOF AN °*K* TO STOP MOTORS
- 0051 9650 117 NI NOTOSF
N 0053 FE 118 MOV AsRS i DUTPUT UPPER BYTE OF COUNTER
~ 0054 02 119 T DBEA
- 0055 8455 120 EELEE! JOBF  EELEE
¥ 0057 FC 121 MOV AsR4 i OUTPUT LOWER EYTE OF COUNTER .
. 0058 02 122 0T DBEsA n
o 0059 8659 123 00LOQ: JOBF  0OLOC 5
- 0056 0448 124 JH PALOOF .
< 125 .
L 0950 344 126 MOTOSF: CALL  RESET i ROUTINE TO STOF MOTORS N,
- 005F CS 127 SEL  Ree B
' 0060 0430 128 JHF START
. 129 e
o 0062 0E 130 FAGOON: NOVD  AP6 i GET DIRECTION -
0063 50 131 ANL  AsRS i-
0064 9670 132 NI CLOCKW i JUMNF IF IN CLOCKWISE DIRECTION »
0066 FC 133 CONCLF: MOV AsR4 s
. 0067 944D 134 JNZ  CONDEC : JUMP TO DECREMENT LONER BYTE ONLY
N 0069 FE 135 KOV AsRé i GET UPPER BYTE -
i~ 006a C675 136 J2 COURET ; JUMF TO PREVENT ROLLOVER OF COUNTER i
et 004C CE 137 DEC  Ré i DECREMENT UPFER BYTE .
= 0060 CC 138 CONDEC: DEC K4 -
o 004E 0475 139 JHF COURET !
) 140
- 0070 1C 141 CLOCKW: INC K4 i INCREMENT LOWER BYTE ™
e 0071 FC 142 HOU  AsRA i TEST LOWERK BYTE FOR ROLLOVER -
- 0072 9675 143 JNZ  COURET ~
ey 0074 1E 144 IN RS i INCREMENT UPFER EBYTE
- N 1’5 -
» 0075 00 146 COURET: MOVD  AoFS i LOOF UNTIL PULSE GOES HIGH k
o 0076 SO 147 ANL MRS .
. 0077 9648 148 JNI  PALOOF i JUNF MHEN PULSE GOES HI :
- 0079 D675 149 JNIEF  COURET 3 CHECK INTERR ONLY WHILE PULSE LOW 5
G 0076 AA 150 MOV R2oA i STORE CURRENT PORT READING -
Za 151 >
- 007C 22 152 COUNT: IN A+ DEB i GET WOKD k
ﬁdg 0070 D343 153 XRL  ArB0A3H i CHECK FOR *C' TO SEND COUNT .
s 007F 9695 154 NI MOSTOP i OTHERWISE 4 *R® WAS SENT TO STOF MOTORS "
e 0081 FE 155 N0V AsRS i GET UPPER BYTE OF COUNTEF ;
o 0082 02 156 0UT  DBBsA : SEND IT .
. 157 .
il 0083 00 158 0OLOO: MOVD  AsPS ; CHECK TO SEE IF A PULSE HAS COME ALONG
E 0084 44 159 ORL  AWR2 N
e 0085 AA 160 WV k2,4 N,
o 0086 8682 164 JOBF  00LOO i JUNP TILL HOST ACCEPTS IT ]
- 0088 FC 162 WOV AsR4 i GET LOWER RYTE OF COUNTEF by
./ S
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LoC O&J
0089 02

0084 0D
008t 4A
008C AA
0080 B868A
008F FA
0090 50
0091 9448
0093 0475

0095 24C4
0097 0475

0100

010C FA

0101 5416
0103 FE

0104 Cozl
0106 922F
0108 5437
010A 34D8

010C D&OC
010 22

010F A4

0110 D3Z4
0112 €828
0114 FA

0115 032!
0117 Ca2E
0119 Fa

0114 D341
0110 9625
011E E920
0120 8100
0122 19

0123 B100
0125 5400
0127 240C

0129 24eE
1z 2449
0120 0430

SEQ

163
164
165 AALAAS
186
167
148
149
170
171
172
173
174 MOSTOP:
173
174

.....

SOURCE STATEMENT

out

MOVD
ORL
MoV
JOBF
nov
ANL
JNZ
JHF

CALL
JHF

DBEsA

ArPS
A'R2
R2+A
AALAA
AsR2
ArkS
PALDOP
COURET

RESET
COURET

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

i SEND IT

i CHECE AGAIN FOR PULSE

+ JUMF TO RESET MOTORS

(TR S ot edtttetttetbeoetiotitectotetotetdetodtitttioatittfetisctttettivitatisey

178
179

180

ORG

100H

R QR e pottttbtboneebiitiiibieotottottittpoitondtttttectottittortototodtttiotott

182

183 3

184

185 ISERYS
186

187

188

189

190

191

192

193 LOAD:
194

195

196

197

198

199

200

201

202

203

204

205

206

207

208 LOCON:
209

210

211 JuMo1:
212 ALLOLS
213 STARTYS
214

INTERRUFT ROUTINE TO PASS DAT4 TO THE PROPER CYS51Z

KoV
CALL
MOV
Jz
JB4
CALL
CaLL

JNIBF
IN
MoV
XRL
JZ
MoV
XKL
JZ
NOV
XRL
JNZ
Hov
Hov
INC
KoV
CALL
JHF

JHF
JHF
JHP

ArR2
XLATE
ArRé
START1
LOADS
CHECK
RESET1

LOAD

A1 DER
R2+4
Ar$ZAH
Ju01
Avk2
Ar$021H
ALLO1
ArR2
As$041H
LOCON
R1:4020H
OF1,40
Rl
OR1r40
OUTFT
LOAD

o
ALLGO
START

+ GET TRACK NUMBER
+ DEFAULT ON ERROR OF °F® OK "C* OR WHATEVER.

+ RESETS THE CY-512 MASKED IN Ré

i CHECK FOR AN °*x" TO EXIT ISERV ROUTINE

i CHECK FOR AN "!® TO JUMF TO ALLGO ROUTINE
+ TO RESET THE COUNTER LOOK FOR AN 'A°

# OF "AT HOME® COMMAND

i JUMP AROUND IF NOT °A°

+ LOCATION OF 16 BIT COUNTER

i UPPER EYTE

PALTRR bbbt iitiiiiieitbttititiiiietottitetotoittotttotissiisetottisiseisioetts

216
217 3

FOUTINE TO PASS DATA TO CYS12-5 NO COUNT IS NEEDED EY THE HOST

194
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" LoC ORJ SEQ SOURCE STATEMENT
. 218 .
- 012F 9A7F 219 LOADS: ANL 21 407FH iSEL 8243-K -4
= 0131 230E 220 MOV Ar$OEM =
{ 0133 9F 22 ANLD P74 JRESET CYS1Z-5 =
~ 0134 BF14 222 MOV R7.422 .
o 0134 EF34 223 CYSLOO: DUNZ  R7»CYSLOO N
(-~ 0138 2301 224 WOV Al n
.. 0134 BF 225 ORLD P70 FREMOVE RESET -
& 0138 BABD 226 ORL  F2,4080H iDESEL 8243-E %
227 ]
: 0130 D630 228 LF2  UNIEF  LFC -]
" 013F 22 229 N AsDEE -
- 0140 fé 230 MV R2sA i TEMF STORE
- 0141 D328 3 XRL  As#2AH i SEAKCH FOR AN ASTERISK (*x*) L
. 0143 €620 232 JI STARTY - 3
v 0145 Fé 233 MOV AR g
X 0146 D321 234 XL Ar$21H =
0148 C42E 235 J ALLO! >
- 0144 9A7F 236 AN P2,407FH i SEL 8243-F e
- 014C OE 237 CHECK1: MOVD  AsP6 -
- 014D 5304 238 ANL ¥4 i CHECK TO ENSURE CONTROLLER IS NOT RUNNING :
i 014F C44C 239 Jz CHECK1 i JUNF IF RUNNING
. 0151 OF 200 LF1:  MOVD  AsR¢
- 0152 5301 241 AL A i Y512 READY?
s 0154 C651 242 JZ LF » JUNF IF BUSY
oy 0156 FA 243 MOV AsR2
a 0157 4380 244 ORL  Ar#0BOH i P17 LATCHED HIGH FOR DISPLAY ROUTINE
{ 0159 39 245 UTL  PLeA i MOVE DATA TO FORT 1
Y 0154 2300 246 HOU  As#ODH i 1101
e 015C 9F 247 ANLD P74 # SEL CYS12-9
Iy 0150 O 298 LF3L MOVD A6
‘e 015€ 5301 249 ANL  ArH i CYS12 BUSY?
- 0160 9650 250 NI LP3 i LOOF UNTIL CONTROLLER BUSY
' 0162 2302 251 MOV Asd2 -,
. 0164 BF 252 ORLD  P7»A i DESEL CY512-5 -
(-2, 0165 8ABO 253 ORL  P2y4080H i DESEL 8243-R o
5 0167 2430 254 J¥F O LF2 -
e, 255 g2
ol el thedbtotiptpeidiieteebtotssepeciiiibtvtttttotectitofpotviiteeifiteetitsif] .
25 257
- 258 THIS KOUTINE SENDS 4 *D* & ‘CARRIAGE RETURN® TO ALL CONTROLLERS
e 259
o 0169 EAd4 260 ALLGO: MOV 204044H i SEND D TO ALL CONTROLLERS
" 016 3477 261 CALL  GOGETT
P 0160 EAOD 262 MOV  R2s40DH i SEND CARF RET TO ALL CONTROLLEFS
el 016F 3477 263 CALL  GOGETT
T 0171 E930 264 MOV R1,#030H i SET FLAG TO JUNF TO TEST ROUTINE
- 0173 BIFF 265 WOV @R1,#0FFH
o 0175 240C 266 JHF LOAD i JUMF TO ROUTINE WHICH LOOKS FOR COUNT
. 267
& 0177 EEO1 268 GOGETT: MOV Rés#1 i SEND D & CR TO CONTROLLER #1
2 0179 3484 269 CALL  GouT
o 0178 EENC 27 WOV Réet2 i SAME FOR 42
-l 0170 3484 271 CaLL  GOuT
" 017F EE04 272 MOV Rerd i SAME FOK 43
e
= 195
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L5 L0C OkJ SEQ SOURCE STATEMENT

p. -
- 0181 348A 273 CALL  GOUT
- 0183 EE08 274 KOV Ré#8 i SAME FOR #4
0185 3484 275 CALL  coUT
0187 3442 276 CALL  GOUTS i SAME FOK 45
0189 03 277 RET
278
0184 5439 279 GOUT: CALL  CHECK i ENSURE MOTOR IS NOT MOVING
018C 9AEF 280 ANL  P2o$0EFH i SELECT 8293-4
018E OF 281 GTLOOF: MOVL  AsF7 i CHECK READY/EUSY LINES
O16F 5E 282 ANL AR
0190 C4BE 282 JZ CTLOOF i JUNF IF CONTROLLER EUSY
284
0192 Fa 285 MOV AR
0193 4380 286 ORL  Ar#0B0H i 10 KEEF P17 HIGH
0195 39 287 UL F1eA i SEND TO CONTROLLERS
288
0194 FE 289 MOV AR i SELECT THE CONTKOLLER
0197 37 290 CFL A
0198 oC 91 ANLD  F4e
292
0199 OF 293 GELOOF* AQUD  AsF7 ; CHECH READY/EUSY LINES
0194 SE 292 ANL  ARé i LOOF UNTIL EACH CONTROLLEF IS BUSY
019F €190 295 JNZ  GELOOF
294
0190 FE 297 MOV A6
019€ 8C 298 ORLD  F4+h i DESELECT CONTROLLEF
019F 840 29¢ ORL  F2y$040H i DESELECT 8243-A
0141 83 300 RET
301
01A7 9ATF 302 COUTS: ANL  F2,407FH i SEL 8743-E
01A4 OF 303 LF1A!  KOVD  ArFé
0145 5301 304 ANL Al i CYS1Z READY?
01A7 C6A4 305 i LF14 i LOOF UNTIL CONTROLLER READY
01A9 FA 304 KOV AsR2
1A 4380 307 OKL  Ar$0BOH i P17 TO REMAIN WIGH TILL DISPLAY ROUTINE
01AC 39 306 UTL  FLA i MOVE DATA YO FORT !
014D 2300 309 MOV AJBODH
01AF 9F 310 ANLD  F7yh i SEL CYS1Z-5
0180 OF 311 LP3AS KOUD AP
01E1 5301 312 AL &l i CYS12 BUSY?
01E3 94E0 313 NI LF3A i LOOF UNTIL CONTROLLER READY
01ES 2307 314 MOV AE2 S
0167 BF s ORLD  P7s4 iDESEL CY512-5 :
0168 8ABO 316 ORL  F2,#080H iDESEL 8243-F N
317 o
01EA 83 318 RET v
319 H
320 SIER YNNI XN NN NN Y KNI RN RN NEN IR TN NN IR XN XRNSNIRENNINIR :
321 R
016K £930 22 018 MOV R1,$030H 3 JUMF IF FLAGS HAVE BEEN SET BY A *!° <
01ED F1 323 KOV A OR1 -
01EE 96C2 324 N2 TAAT =
01C0 0430 325 JHF START i MASTEF RETURN 21
326 o
01C2 0445 327 TAAT:  UMF TEST ;3}
o - ;
ry 196 !




!: .'
o LOC OBY SEQ SOURCE STATEMENT g
\',,' L
el 328 ]
":. KYAARR bt tttotidettetiiottiactotnetdereifoetetottodscotoedtietteidtotatiettatssd ,J
330
. 331 SOFTWARE RESET FOR ALL CONTROLLERS ;|
o 332
P 01C4 9A7F 333 RESET: ANL  F2,407FH i SELECT 8243-E
o 01C6 27 334 (LR &
T 01C7 3¢ 335 HOVD  Fds4 i RESET ALL CYS12S (4 ONLY .
";' 01C8 230€ 33 MOV Ar$OEH + 00001110 RESET FOR CYS12-5 =
i 01CA 9F 337 ANLD  F7+h 1
P 01CE Effe 338 KU R7422 i THIS IS FOR 110 NICKOSECOND DELAY
oS 01CD EFCD 339 LOOF:  DJNZ  K7sLOOF
S 01CF 230F 340 MOV AsBOFH
s 0101 3C 341 HOVD P4y i REMOVE 5W RESET
s 0102 2301 342 KV A '} REMOVE SW RESET FOR CYS12-5
L 0104 8F 343 ORLD  F7+4
o 0105 8ABO 3 ORL  P2/#080H i DESELECT 8243-E
e 0107 93 345 RETR
O 34
: KLYERP $ 38808030000t tdttttidotetretstiifstctetitetitctttetiisetvetitteottttcetisety
s 348
b 349 ; SOFTWARE RESET FOR CONTROLLER MASKEL IN EY RS
NN 350
3 0106 9A7F 351 KESETI: ANL  P2/407FH : SELECT 8243-E
- 0104 FE 352 KOV AsRé
o 010E 27 353 CPL A
ke 010 9C 354 ANLD  P4sA i RESET PROFER CYS12
010D BF16 355 MOV 794220 i THIS IS FOR 110 NICROSECOND DELAY
010F EFDF 356 LOOF1: DJNZ  R7,LOOP!
01€1 FE 357 N0V MRS
012 8C 358 ORLD  F4sA i KEMOVE SN RESET FROM SELECTED CY ONLY
01E3 6A80 359 ORL  F2,4080H i DESELECT 8243-E
01ES 83 360 RET
L 361
O 362 XEREXZLAXXXTARARATXXRKRNE
Y 363
el 0200 344 OKG  200H
Y 365
) .‘,. RIY IR ttessttttiecittedesttedttiiptttettoeidteieeietisteitotdctitpetototttfsgestets
T 367
5;:; 348 OUTFUT ROUTINE WHICH FASSES DATA TO THE CONTROLLEF MASKED IN EY Ké
.‘P‘g 369
ﬁg 0200 5439 370 OUTPT: CALL  CHECK i MAKE SURE CYS12 IS FINISHED MOVING
NS 0202 9ABF 7 ANL  F2,40BFH i SELECT 8243-A
- 0204 OF 372 LOOP3: HOVD  AsP7 i CHECK TO SEE IF CYS1Z IS READY
.. 0205 SE 373 ANL Arké
L 0206 C604 374 J LOOF3 i IF NOT. CHECK AGAIN
o 0208 Fa 375 KOY  ANR2 i MOVE DATA TO ACC
- 0209 4380 376 OFL  A+#080H i F17 TO RENAIN HIGH TILL DISFLAY ROUTINE
T 0208 39 377 0UTL  Ple i OUTFUT 70 DATA LINES
o 020C FE 378 MOV AsRS
. 0200 37 379 L A i COMPLEMENT MASK -1
o 020€ 9¢ 380 ANLD  FP4yA i SELECT PROFER (Y512
p 020F OF 381 LOOF4: MOVD  AfF7 i LOOF UNTIL CHOSEN (Y512 IS BUSY |
et 0210 SE 382 ANL  AsRS |
‘.-,_z
SCh 1

9 107 =




ML A B AL a3 AN U W IR A Al S e i TR

F LOC OBJ SEQ SOURCE STATEMENT
.. 0211 960F 383 NI LOOPA i JUNF IF NOT YET BUSY
o 0213 FE 384 MU ARS
- 0214 8C 385 ORLD P44 ; DESELECT PROPER (Y512
U 0215 8A40 386 ORL  P2s4040H i DESELECT 8243-A
o 0217 83 387 RET
. 388
-;. VAR LR itteiR et ttdite bttt ritoitqttacdtottontettttoteetatondereoninttd
- 390
- 391 THIS TRANSLATE ROUTINE TAKES 4 MOTOR NUMBER FROM THE HOST AND
- 392 5 PRODUCES THE PROPEF MASK IN R¢.
. 393
-\ 0218 07 394 XLATE: DEC A
- 0219 €636 395 J RISI P A *1® SPECIFYING MOTOR 1 WAS SENT
X 0218 07 396 DEC &
- 021€ €633 397 J R6IS2 i NOTOR °2°
021E ¢7 398 DEC 4
And 021F €630 399 JI ReIS3 } MOTOR *3°
- 221 07 400 DEC A
- 227 €420 401 Jz R6IS4 i MOTOR *4*
N 0224 07 402 DEC 4
" 0275 €624 403 JI ROISS i MOTOF °5°*
* 0227 BEQC 404 MOV Rér#0 : DEFAULT ON ERROR
o 0229 83 405 RET
AN 406
b 0224 EE10 407 RAISS: MOV Rés$010M i 000170000
- 022C 83 408 RET
3 0220 BEOS 409 R6ISE: MOV Rés48 i 00001000
] 022F 83 410 RET
" 0230 BED4 411 R6IS3: MOV Rés#d i 000070100 ie
a 0232 83 412 RET -
X 0233 BEOZ 413 RAIS2: MOV Rév#2 i 000070010 -
0235 83 414 RET <5
il 0236 BEOI 415 RAISI: MOV RésHl i 0000/0001 o~
: 0238 83 45 RET T

- 417
- RPL IRt bRt iit ot bttt sttt ad b ettt ittt i e et tettotattotqtteetessetesttoeedets

- 419
- 420 5 CHECK TO INSURE THE MASKED IN CONTROLLER IS NOT EXECUTING A PROGRAM
421
239 9A7F 422 CHECK: AML  P2,807FH iSELECT 8243-E
023E 0D 423 LOOFO: KOVD  APS INOVE PS TO A
023C SE 424 AL AWK THAS CY512 FINISHED ITS RUN?
023D C63E 425 I LoD JIF NOT) THEN CHECK AGAIN
023F 8ABO 426 ORL  F2.$0B0H JDESELECT 8243-E
0241 83 427 RET
428
429
430 END

USER SYMEOLS

AALAA 00BA  ALLGD 0169  ALLOI 0128 CHECK 0239  CHECK! 014C  CLEAK ~0027  CLOCKM 0070  CONCLK 0044
CONDEC 006D  COUNT 007C  COURET 0075  CYSLOO 0136  EELEE 0055  GELOOF 0199  GOGETT 0177  GOUT 0184
GOUTS OtAZ  GTLOOF 018E  ISERV 0100  JUMO! 0129  LOAD 010C  LOADS O12F  LOCON 0125  LOOF  01CD
LOOF1 O1DF  LOOF3 0204  LOOF4 0~ LOOPG 0238  LF1 0151  LP1A O01A4 LPZ 0130 LF3 015D R
LF3A  01B0  MOSTOF 0095  MOTOSP 0050  0OLOD 0083  OUTFT 0200  PAGOON 0062  PALDOF 0048  FRIOR 003A o

Iy - SARRRNRE F- SRS - $0K0

)
L)
>
a
o
LGN

¢
P4

198
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...............
.........

: 0 0166 0OLDO 0059  R6IS1 0236  RAISZ 0233  R4ISI 0230  ReIS4 0220  KAISS 0224  RESET 01C4
:'.\ RESET1 0108  START 0030  START1 0120  TVAAT 01C2  TEST 0045  XLATE 0218

i ASSEMELY COMPLETEs NO ERRORS
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APPENDIX F
COMPUTER GENERATED VOICE PROGRAM
200
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ir
) E; )
\:_\
\_.:. -
o LOC 0BJ SEQ SOURCE STATENENT )
NN .
{« L
£y0 i <
A% 3 SUPTL PORT 1 (P1) WILL OUTPUT DATA TO SFEECH CHIP (SFC: ’
< 4 jUPTA1 POKT 2 (P2) WILL FURNISH CONTROL SIGNALS :
a0 5 :
o 2000 6 ORE 0 SRESERVE INTERFUFT LOCATIONS -
) 0000 0409 7 M9 r
[~ B N
= 0003 9 &6 3
o 0003 0424 10 P ISERV iT0 PROCESS PHRASE
ood 11
o 12
. 13 PORT 2 BITS:--- b
o 14 BIT 0 ==> SPC MR/ Ny
- 15 ; BIT 1 ==: GP( S/ .
e 16 ; BIT 2 ==> PAGEL, WIGH == ROM BANK *1° :
o 17 ; BIT 3 ==: SET, THE ROM SET TO BE USED, Ny
o 18 3 EIT 4 ==> CHS ]
| 19 3 BIT 5 == GAIN (LSE)
g5 20 BIT ¢ ==: GAIN (MSE! N
" 2 BIT 7 == GAIN CONTROL CLOCK
.';' 22
N 23 TO (PIN 1 ON THE 8741) = SPC “INTR.® HIGH ==> DONE
> 2 2
25 :

'
)]

Rt tetdiidspb ittt ttitt it iiteRetsttittiqtaitiiieitttittetttiieiiodstitsty -
7 HAIN TEST PROGRAN LOOF o
28 SIS NI RN RN AN R R XX AR AR AR ANEASIXINAAERRARTRY -
: 29 X
3 30
: 0009 3 ORE 9
S 2 i
Pk
P 0009 23FF 33 MOV Ar$OFFH p
- 000 39 L} UTL  PLsA
g 000 34 35 ouTL  P2s4
T~ 3 :
o 37 i
39 ;axxxx SET GAIN TO { FOR TEST “.
- 0000 9A7F 39 AL F2o801111111E SLOMER CLOCK LINE N
000F 9A9F 40 ANL 2041001 1111F iSET GAIN TO 1 .
0011 8480 41 ORL  P2:#10000000E iRAISE CLOCK LINE Ny
e 0013 9A7F 2 AL P2,#011111118 SLOWER CLOCK LINE ,
o 3
oy "
45 ;xx WILL FORCE SPC TO STOF FROCESSING ANY STARTING GAREAGE AND PESET
A6 ixx SPC INTR ( = (), THIC MAKES SFC APFEAR BUSY xam
L v .
- 0015 2311 18 MOV ArdLIH 3SPC (WR/=1iCS/=0iCN5=1) N
’ 0017 34 49 OUTL  P2s4
0018 9AFE 50 ANL  P2s#111111108 iSPC WR/=0
ol 001A 8AO1 51 ORL  P2,4000000C1E iSFC W /=1
i 001C 8402 52 OKL  P2,8000000108 iSPC C5/=1
Do ;
o~ 201 ;
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ShRARL AL

LoC 0BJ

001E 2347
0020 39

0021 9AES
0023 9AFE
002% 8A03

0027 0
0028 (426

0024 00
D02k D4ZE
002D 22
002E AE
002F Dé2F
0031 22
0032 AF
0033 D633
0035 22
0036 5303
0038 AD
0039 (444
003k 8%
003C FE
0030 o4
003F 95
0040 FF
0041 B&Y7
0043 1459
0045 0449
0047 145t
0049 93

0044 FE

004€ 324F
0040 0434
004F B8A08
005t 27

0052 0458
0054 94F7
0056 S3F7

......... . [arh \a Rt pn R o S S i A Ak A NI ATLIC O AL S SN R e i i i Bt Y
d
o |
SEQ SOURCE STATEMENT by
53 ]
54 ;xxexzxxx WILL NOW FORCE A VALID COMMAND TO THE SPC TO SET SPC INTR zxzzzasxs :?
55 N
56 MOV Ad7H $320M5 SILENCE ~J
57 UL PLiA iP1 DATA OUT TO SFC '
58 -
59 } F24 P23 P22 P21 P20 S
60 iSPC CNS SET P1 CS/ MR/ -
61 >
82 4 INITIAL F2 P10 0 1 | ]
63 &
44 ANL  P2,#11100101E P00 0 0 1 ~
5 ANL  F2o811111110F i 0 0 ¢ o0 o s
6é ORL  P2,400000011E P00 0 1 ér
67 .
68 -
69 Piitiie ittt eiitiieidttttitesttittettetiatitetebetdtttseitiipdstjitisess]
70 TEST LOOF
,71 Rttt i e ittt a e i ittt ittt iitetttetivtqtittqjietotdtstedetpgistse] ::'
7% -
73 EN I o
74 BACK: UM BACK iNAIT FOR DATA READY INTERRUPT 2
75
76 ISERV: NOF
77 LOOPI: UNIBF  LOOPI
78 N A+DEE i INFUT PAGE TO &
79 BV RérA $HOVE A TO ké
80 LOOPF: JNIEF  LOOFF
81 N AsDEE INPUT MORD TD A
82 1 AT iMOVE & TO R7
83 LOOPQ: JNIBF  LOOPQ
84 IN ArDEE {INPUT GAIN TO A
85 ANL  A-$00000011E iHASK OFF UPPER PORTION
86 WOV ESeA iNOVE A TO RS
87 CALL  SETT $CALL SETT
88 LR FO iCLEAR FO FLAG
89 WOV AsRé $MOVE R6 TO 4
90 Jz CONT $IF FAGE=0 JUNF TO CONT
91 L FO $IF PAGE=1 COMPLEMENT FO FO ==: 1
9z CONT: MOV AsR7 iNOVE R7 TD A
93 JFO CONTL $IF FO=1 JUNF TO CONT1
94 CALL  WRITEO JELSE CALL WRITEC
95 JWF LEAVE
96 CONT1: CALL  WRITEL
97 LEAVE: RETR
98
99
100 SETT: MOV Aské iMOVE PAGE TO A
101 JBt SETTY $IF SETT = 1, GOTO SETTY
102 JWF NOSETT JELSE JUMP TO NOSETT
103 SETT1: OKL  P2,400001000F ISETT = 1
104 Lk 4 iCLEAR A
105 JF ENDSTT JUNP TO ENDSTT
106 NOSETT: ANL 2o#1110111E JSETT = 0
107 ANL  Ar#11110111E i{NASK OFF SETT

...................
-----------
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;:'J: Loc 08J SEQ SOURCE STATEMENT

o 0058 83 108 ENDSTT: RET

- 109

{ 110

s 0059 9AFR 111 WRITEO: ANL 21 $0FEH iP22 = 0 ==> PAGE = 0

N 0056 1443 112 CALL  OUTPUT

- 0050 83 113 RET

N 114

» 115

. 00SE 804 116 WRITELS ORL  FZ,$04H P22 = 1 == PAGE = 1

AN 00A0 1463 117 CALL  OUTPUT

X! 0062 83 118 RET

AN 119

o 120

e 0063 2663 121 OUTRUTS JNTO  QUTRUT iMUST INSURE SPC IS READY

- 0065 39 122 OUTL  Flef iP1 DATA OUT TO SFC

D¢ 123

N 0066 FD 124 NOV  ASRS $HOVE GAIN TO A

e 0047 9A7F 125 ANL  P2,801111111E SLONER CLOCK LINE

0069 9A9F 126 ANL  PZy#10011111E iMASK OFF OLD GAIN

o 008E 126F 127 JBO  SETS $IF EIT 0 IS 1 THEN JUNP TO SETS
= 0040 0471 128 JWTSTY $ELSE JUNF TO TST1

o 006F BA2C 129 SETS:  ORL  P2,$00100000E iSET EIT S OF PORT 2

S 0071 3275 130 TST1:  JB1  SETH $IF BIT 1 IS 1 THEN JUNF TO SETé
s 0073 0477 131 JMF NSETe {ELSE JUNF TO NSETS

- 0075 840 132 SET4!  ORL 2+ 4010000008 $SET BIT & OF FORT 2

- 0677 00 133 NSET4: NOP s CONTINUE
L 0078 BABO 134 ORL  P2,#10000000 iRAISE CLOCK LINE

o 0074 9A7F 135 ANL  P2,401111111E FLOMER CLOCK LINE

134

o 137 ; P28 P23 P22 P2l P20

A 138 iSPC CHS SET Pt CS/ WRS

139

e 140 ; INITIAL P2 P07 o1 1

-;'-. 14

- 007C 9AED 142 ANL  P2,#11101101R O O Y 7 S

"N 007E 9AFE 143 AL P2o811111110E P02 01 0 G

._;: 0080 8A(2 144 OKL  FZ)$00000011E O T B Y U |

L. 145

o 0082 2682 146 LOOF1 UNTD  LOOPY iNATT UNTIL SPC IS NOT BUSY

0084 9A7F 147 ANL  P2,8011111118 SLOWER GAIN CLOCK

Yo 0086 9A9F 148 ANL 20#10011111E $SET GAIN T0 0

o 0088 8480 149 ORL  P2,410000000F FRAISE CLOCK LINE

e 008A 9A7F 150 ANL  P2,011111118 $LOWER CLOCK LINE

.,,‘« 151
e 008C 83 152 RET

153
;-;- 154 END
N USER SYMEOLS

;, BACK 0028 0040  CONTL 0047  ENDSTT 00S8  ISERV 0024  LEAVE 0049  LOOFI 0082  LOOFI O02E
o~ LOOFF 002F  LOOPD 0033  NOSETT 0054  NSET& 0077  OUTPUT 0063  SETS 006F  SETé 0075  SETT 0044 -
e SETTL 004F 0071  MWRITEO 0059  WRITE1 00SE -
\h \-

N ACSEMELY CONFLETE, MO ERRORS

R
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- ISIS-II PL/N-86 V2,1 CONPILATION OF MODULE TOW_START_UP_MOOULE |
S OBJECT NODULE PLACED IN :F1:TONST,0BJ
L+ COWPILER INVOKED BY: PLMBS SF1:TOMST.042 DEBUG ROW YREF LARGE OPTINIZE(3) 2
_— TITLE(*0945 17 DECEMBER 1982')
o
N 1 TON_START_UP_WODULE: 0O0;
NS
a5, 2 1 DECLARE SCENE_COUNT LITERALLY '090'sNAX_NENU_NO LITERALLY '010';
)
o 3 1 DECLARE CARR_RET LITERALLY 'ODH's SPACE LITERALLY '20H'sBELL LITERALLY 'O7H';
NN 4 1 DECLARE IODATA LITERALLY '0DBH' TOSTATUS LITERALLY 'ODAH'/MASK LITERALLY ‘7FH';
A,
N S 1 DECLARE VECTOR_NODE LITERALLY '35Q'rALPHA_4010_MODE LITERALLY '150'
., ADM3A_MODE LITERALLY '300'»GRAPHICS CLEAR LITERALLY ‘310
5 ADN3A_CLEAR LITERALLY '320'»CLEAR_ALL LITERALLY '330',
s HOME_CURSOR LTTERALLY *14Q';
"-t'\
L 6 1 DECLARE COUNTER_2 LITERALLY 'ODAH" CONTROL LITERALLY ‘OD6H's
N CNTR2MODE LITERALLY '096H'»SETCOUNT LITERALLY '04H';
/3 FOR TINER SETUP %/
o 7 1 DECLARE USART_CONTROL LITERALLY ‘ODAH'+USART_MODE LITERALLY '4EH',
N USART_COMMAND LITERALLY '37H';
- 8 1 DECLARE LINE_FEED LITERALLY 'OAH';
\
7 9 1 DECLARE (DAY_SIGHT,STARTING_TRACK:TARGET SHITCH)FINAL_TRACKs
b EAST_WEST,CONTINUE) BYTE EXTERNAL:
o
o 10 1 DECLARE CUNNER_RATING BYTE AT (5080H)TURNED BYTE AT (6081H);
PN
' 11 1 DECLARE (RESPONSE:GO_NOM:MENU_NO:MEMU_DONE,SCENARIO: I+PREVIOUS_RESPONSE) BYTE:
- _:it'
D 12 1 DECLARE (OK1,0K2,TOTALY_OK) BYTE;
X 13 1 DECLARE SCEMARIO_BUFFER (9) BYTE EXTERNAL;
I,
o 14 1 DECLARE (RESP_1_ASCII,RESP_2_ASCIT,RESP_1_MUM/RESP_2_MUK) BYTE:
S 15 1 DECLARE (SIGHT_FLAG, TRACK_FLAG/DONE,OK:SAME) BYTE:
: :::-': Patogdotntaeedopitgipopdotetedtidetetitdngotttiotadittodeietptiatttitiediogd
N X THE SCENARIOS ARE LISTED BELOW. '
H A:.: IRIERREEEEESRNENR NN RER RN RREE NN RRRRENSERRRESNRRRERRRRXERXRENRRIRR/
X
'(...-
s 16 1 DECLARE SCENE_O (X) BYTE DATA (CARR_RET);
L 17 1 DECLARE SCENE_1 (X) BYTE DATA ('A'sCARR_RET»'H'sCARR_RET,'B'sCARR_RET,

'S 1'yCARR_RET+'R 225° +CARK_RET»'F 1'sCARR_RET,'E' +CARR_RET,
'X 1500 yCARR_RET, 'F 2950 »CARR_RET+'X 1000’ +CARR_RET» 'C' »CARR_RET,
‘B’ yCARR_RETs 'I'sCARR_RET,'Q"»' 1"y 'R%)}

204
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18 1 DECLARE SCENE_2 () BYTE DATA ('P'»O1Hy'A'+CARR_RET,'H'yCARR_RET,
'B* 1CARR_RET»'S 1'»CARK_RET,'R 173" +CARR_RET»'F 1'»sCARR_RET»'E'»CARR_RETy
'X 764" +CARR_RET»'P 1600' »CARR_RETs 'C* sCARR_RETs'B'sCARR_RET'P 5240's
CARR_RET,'0' »CARR_RET,'Q'+'8'+'P*s02Hs 'A"y
CARR_RET, 'H' yCARR_RET 'B'+CARR_RET»'S 1'sCARR_RET+'R 173'1CARK_RET»'F 1'
CARR_RET, 'E" yCARR_RET:'X 382'sCARR_RET'P 1450' »CARR_RET+'0’+CARR_RET:'Q"y
‘8'9'P'+03Hs 'A* »CARR_RET, 'H' »CARR_RET, '8* yCARR_RET» 'S 1'sCARR_RET: 'R 173",
CARR_RET»'F 1'+CARR_RET+'E'sCARR_RET,'P 1450' +CARR_RET+'0' 1CARR_RET»'Q's'8"y
'P*+O4Hs *A'+CARR_RETs 'H' sCARR_RET» '8’ yCARR_RET, 'S 1'sCARR_RET 'Rk 1'sCARR_RET,
‘F 1'+CARR_RET 'E'+CARR_RET» ‘X 4344' yCARR_RETy'C' +CARR_RET,'B'sCARR_RET)
'X 1000 »CARR_RET, 'C'sCARR_RET:'B'»CARR_RET»'0"+CARR_RET, Q"' 'x"s
'F'905H» 'A' yCARR_RET+ 'H' yCARR_RET: 'B* yCARR_RET+ 'S 1'+CARR_RET:'K 80's
CARR_RET:'F 1'+CARR_RETs'E'»CARR_RETy'X 764'sCARR_RET'P 450'sCARK_RET+'0'y
CARR_RET»'Q'ys'!"s'2");

19 1 DECLARE SCENE_3 () BYTE DATA ('P'sO01Hs'A‘+CARR_RET»‘H'+CARR_RET 'R, ;
CARR_RET+'S 1'»CARR_RET,'R 173'yCARR_RETy'F 1'+CARR_RET/'E' sCARR_RET:
'X 764 sCARR_RET,'P 2150°»CARR_RET:'C* »CARR_RET+'B' yCARK_RET'P 5240', "
CARR_RET:'0' sCARR_RET+'Q'+'2" ¢ 'P'902H,'A"
CARR_RET, 'H' sCARR_RET» 'B' 1CARR_RET, 'S 1'+CARR_RET,'R 173'+CARR_RETy'F 1'y
CARR_RET+'E'+CARR_RET'X 382'sCARR_RETy ‘P 1450° »CARR_RETy'X 1091’ +CARK_RET,
‘P 5240' sCARK_RETs'0'sCARR_RET:'Q"'s'x'y'P*+03Hs'A' yCARR_RETy'H' yCARR_RET,
‘R'yCARR_RET»'S 1'+»CARR_RET:'R 173'+CARR_RETy'F 1'sCARR_RET:'E' +CARR_RET,
'P 500" yCARR_RET»'X 400'sCARR_RET:'F 0'sCARR_RET:'0'sCARR_RETs'DQ's'X'+'F",
O4Hs "A' yCARK_RET» "H'»CARR_RET»'E' yCARK_RET»'S 1'»CARR_RET»'R 1'+CARR_RET,
'F 1"+CARR_RET» "E' yCARR_RETs "X 4364'sCARR_RET,'C' 1CARR_RET»'B’»CARR_RETy
'X 1500' yCARR_RETy'C' yCARR_RET 'B* +CARK_RET+'0' +CARR_RET+'Q' s ‘X" 'P' 105Hs
'A' yCARR_RET, 'H'yCARR_RETs 'E'' yCARR_RET»'S 1'+CARR_RETs'R 80'+CARR_RET:'F 1'y
CARR_RET»'E' pLARK_RET,'X 384" »CARR_RET,'P 650'sCARR_RET»'X 1091',CARR_RET,
'P 250'sCARR_RET,'0'sCARR_RET:'@'+'1'y'¥");

26 1 DECLARE SCENE_4 (x) EYTE DATA ('P'yvOlHy'A'+CARR_RETs'H'+CARR_RET,'E'y
CARR_RETs'S 1'sCARR_RET,'K 173'sCARR_RETs'F 1'+CARR_RETs'E'+CARR_RET,
‘X 764" yCARR_RETy'F 2300 »CARR_RETy'C'+CARK_RETy'E'+CARF_RET'F 5240',
CARR_RET»'0'sCARR_RET+'Q'+'X'y'P'+0ZHs A"y
CARF_RETy'H'1CARR_FET+ 'E'+CARR_RET,'S 1 '9CARF_RET:'F 172" sCARF_RET,'F L'y
CARR_RET,'E' +CARK_RET»'X 382'9CARR_RFETs'F 1650'+CARF_RET«'0' «CARR_FET,
‘O'y'3 P QM SCARR_RET 'H' +CARR_RET. "B +CARF_RETy 'S 1'yCARF_RET.
'R 173" +CARR_RET,'F 1'sCARR_RET'E'+CARR_RET,'F 14650'CARF _RET.'0'+CARR_RETy
"Q' "R P 904Ky 'AT Y CARF_RETe "H' +CARR_RET, 'E"»CARR_FET'S 1'9CARF_RET+'R 1"y
CARR_RET'F 1'+CARF_FET,'E' «CARR_RET,'X 5200' »CARF_RET,'C'<CARF_RET:'E',
CARR_RET,'C'oCARF_RETs'Q'+"®' ¢ 'F'+0SH, 'A'sCARF_RETs'B' +CARF_RET.'E ' +CARF_RET:
'S 1'-CARK_RETy'R 225'+CARR_FET+'F 1'+CARR_RET,'E'sCARK_RET:'F 150 sCARR_RET,
'Y 3250'sCARR_RET, 'K 125'yCARR_RET,'F 1'+CARR_RET+'F 650" +CARR_RET+'0'y
CARF_RET,'@'s'1'y'x);

a1 DECLARE SCENE_S (¥) BYTE DATA ('P'+Qf{Hs'A'sCARF_RET+'H' +CARR_RET.'E’CARK_RETy
'S 1'9CARR_RET»'R 156°rCARK_RETy'F 1'»CARR_RET+'E'+CARK_RET:'P 1700',
CARK_RETy'C'sCARR_RET+'E'sCARR_RET,'P 5240',
CARR_RET»'0' yCARK_RET»'Q'» ' X"+ "F'+02Hs 'R" 1 CARF_RET+ 'H' +CARR_RET+ 'E' 1 CARR_RETy
'S 1'9CARR_RET+'R 156' +CARR_RETs'F 1'+CARR_RET»'E" +CARR_RETs'F 500 sCARK_RET)
'X 400" yCARR_RETy'F O'+CARR_RET+'0'»CARK_RET»‘Q's 3"y 'F' 9031, 'A' +CARR_RET,
‘H +CARR_RET« B’ yCARR_RET+'S 1'+CARR_RET« 'R 156'+CARR _FET/'F 1'+CARK_RETs'E'y
CARK_RET,'X 350" +CARR_RET'F 573" sCARR_RET»'X 425'»CARK_RET:'F 0'+CARR_RET»
"0'sCARK_RET»'Q's'%"¢"P'+04Hy 'A' +LCARR_RET» 'H' +CARR_RET ‘&' yCARK_RET+'S 1'y
CARK_RET»'F 1'+CARK_RET,'F 1'+CARR_RET+'E'»CARK_RETs'X 4344 »CARR_RET:'C'y
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CARR_RET»*B* +CARR_RETs'X 1091’ +CARR_RETs'C*9»CARR_RET+'B'1CARR_RET+'0'y
CARR_RETs'Q*s'%*9'P'+05Hs 'A' yCARR_RET» 'H' 1CARR_RET s 'B' +CARR_RET,'S 1'»
CARR_RET,'R 100'+CARR_RET+'F 1'9CARR_RET»'E*sCARR_RETs'X 3567'sCARR_RET:

'P 450" yCARR_RETs'X S45'sCARR_RETs'P 500'+CARR_RET»'X S45'yCARR_RET,'L 243"y
CARR_RET»'P 650 1CARR_RET»'0'»CARR_RET+'Q"y ' 'y 'K"}}

DECLARE SCENE_é (x) BYTE DATA ('P',01Hs'A’'sCARR_RET'H'»CARR_RET:'B' sCARR_RET,
'S 1'yCARR_RET'R 173'CARR_RET:'F 1'+CARR_RET:'E'sCARR_RET,'X 1582',
CARR_RET:'P 1450 »CARR_RET, 'C'sCARR_RETs'B' +CARR_RET,

'P $240'+CARR_RET+'0'»CARR_RET»'@'s'2'»'P'»02Hs 'A' +yLARR_RET: 'H' CARK_RET»
'B'yCARK_RET»'S 1'sCARR_RET» 'R 173'+CARR_RETs'F 1'»CARR_RETs'E*+CARR_RETy

'P 2200' +CARR_RET,'X 382'»CARR_RET: ‘P 1650' +CARK_RET»'0'rCARR_RET:'Q'+'E"y
‘P'+03Hy 'A* yCARR_RETs 'H'»CARR_RETy 'B' yCARR_RET» 'S 1'»CARR_RET+'R 173"+
CARR_RET+'F 1'+CARR_RET» ‘E' +CARR_RET»'X 382' »CARR_RETy'P 2100'+CARR_RET,

'X 425'+CARR_RET»'P 1650" »CARK_RET»'0' yCARR_RET»'Q'y'X"y'P*s04Hs ‘A" sCARR_RET
*H'+CARR_RET:'B*+CARK_RET:'S 1'+CARR_RET:'R 1',CARR_RET:'F 1':CARK_RET)'E"»
CARR_RET»'X 43464'1CARR_RET, ‘C’+CARR_RET) 'B'»CARR_RET»'X B20'+CARK_RETs'C'y
CARR_RET,'B' »CARR_RET,'0'»CARR_RET»'0'y'2's'P's05Hs A’ yCARR_RET) 'H' sCARR_RET
‘B'yCARK_RET»'S 1'+CARR_RET, 'R 225'sCARK_RET:'F 1'sCARR_RET:'t'sCARR_RET,

'P 650" +CARR_RET» 'R 235'+CARF_RET»'F 1'sCARR_RETs'P 625'»CARR_RET»'X 273"y
CARR_RETs'P 450'+CARR_RET»'X 273'sCARR_RET'L 15+7'+CARR_RET:'P 650",
CARR_RETy'0'sCARR_RETy'@'»" 1"y 'X")}§

DECLARE SCENE_7 (X)BYTE DATA ('A'sCARR_RET,'H' CARR_RET:'E'sCARR_RET,'S 1'y
CARR_RET»'R 1364',CARR_RET'F 1'+CARR_RET»'E' +CARR_RET,'X 382'sCARR_RET,
'P 2475'sCARR_RET»'C'yCARR_RET, 'B' sCARR_RET, 'F 5240'yCARR_RET» '’ sCARR_RET,
'@'+'X'+'F'104Hs 'R yCARR_RET+ "H' +LARR_RET»
'B'sCARR_RET»'S 1'+CARR_RET ‘K 1'+CARR_RET+'F 1',CARR_RET,'E’ sCARR_RET,
'X 3500' sCARR_RETs'C’ yCARR_RET "B’ yCARR_RET» 'X 1227' »CARR_RET» 'C'+CARR_RET»
'B'sCARK_RET:'0'sCARR_RET» Q'+ ") "'+ '%')}

DECLARE SCENE_8 () BYTE DATA ('P'»O01H+'A'»CARR_RET,'H' 1CARR_RETy ‘B 1CARR_RET,
'S 1'+CARR_RET+ 'R 225'sCARK_RET,'F 1'»CARR_RET,'E'sCARR_RET»'P 5240'y
CARK_RET)'R 180'+CARR_RET+'F 1'+CARR_RET»'U)' yCARK_RET,'F 4800',CARR_RET:'C',
CARR_RET,'E'+CARR_RET»'P 0'sCARR_RET+'0'+CARR_RETs'Q'»'R'+'P' 105, 'A%y
CARR_RET: 'H'yCARR_RET+'B' »CARR_RET,'S 1'+CARR_RET,'R 200’ »CARR_RET,'F 1'»
CARR_KETs'E'»CARR_RETs'X 10'+CARR_RET» ‘' yCARR_RET,'U'sCARK_RET: 'P 650"+
CARR_RETy'X 545',CARR_RET, ‘P 500'+CARR_RETs'X S45°sCARR_RETy 'L 2+5'»CARR_RET,
"P 650" +CARR_RETy'0'yCARR_RET»'@'s"!'s'2")}

DECLARE SCENE_% (x) BYTE DATA ('F'»03H+'A’'+CARK_RETs'H' yCARR_RETy ‘B’ +CARR_RET»
'S 1'yCARR_RET: 'R 225' +CARR_RETs'F 1'sCARR_RET'E'sCARR_RET»'X 1000's
CARR_RETs'P 2950" yCARK_RETs 'K S0'+CARR_RET¢'F 1'+CARR_RET,'C'sCARR_RET:'B's
CARR_RET+'U'»CARR_RETy'F 2800 +CARR_RET» ‘U’ +CARR_RETs'L 10,3',CARR_RET,

'F 2950 1CARR_RETy "G’ sCARR_RETs Q@'+ 'H'¢ '’ 108y ‘&' +CARR_RET: 'H'y
CARR_RET»'B'yCARR_RET»'S 1'sCARK_RET+'R 1'yCARK_RET»'F 255'+CARR_RET:'E's
CARR_RET»'X 100'+CARR_RETs'W'yCARR_RETy'U' 1CARR_RETs'N 1'+CARR_RET,'C'y
CARR_RETs ‘X S'sCARR_RETs 'L 2695’ +1CARR_RET, ‘X S'+CARR_RETs'U'sCARR_RET+'P 24'»
CARF_RET+'X 5'sCARR_RET)'P 22'+CARR_RET,'X S5'+CARR_RETy'U'+CARR_RET,'F 24*,
CARR_RET,'X 5'+CARK_RET,'P 24'+CARR_RETs'X 5'sCARR_RETs'L 10+15'+CARR_RET,

'P 24" yCARR_RET "0 ' »CARR_RET»'@"»'!"»'8")}

DECLARE GO_HOME () BYTE DATA ('H',CARK_RET/'N 1'+CARR_RET:'-'+CARR_RET,
'R 245' yCARR_RET,"E'sCARR_RETy'G' »CARR_RET» ' T*1CARR_RET» ‘1'sCARR_RET:
‘0D yCARR_RET, 'x');

DECLARE RAISE_MOTOR (x) BYTE DATA ('P’+05Hs'A’»CARR_RETy 'H'sCARK_RET,
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3

32

33

3

K]

36

K7

38

39

4

'S 1'9CARR_RETy'R 225'sCARR_RET»'F 1'+CARR_RET/'E'»CARR_RET,
'P 650" 1CARR_RET,'I'sCARR_KET»'0'+CARR_RET,'0's'2");

DECLARE LOWER_MOTOR (x) BYTE DATA ('H'sCARK_RET,'S 1',CARR_RET, C:j
'K 225'1CARR_RETs'F 1'+CARR_RET,'E'»CARR_RET:'-*yCARR_RET+'N 1200' »CARR_RET, r.
'G'+CARR_RET'I'CARR_RET'0' yCARR_RET»'OD' 1CARR_RET, 'x'); e

Ppiiiiteiietiititediiiliesetsatsiitiniitistiiitiotietitisteiitititieisiiotiot

I

-

g

% COMMENTS PRINTED ON THE SCREEN BY THE PRINT PROCEDURE ARE LISTED BELOW, = -
EXEXEEERXEREEERERXERRRENER XXX XRXEX R XX RRRXKEXRRERNNRXXRRXEXNRRXXXRRRAXXNIRE/ .J
4

1

e

-whL o K

DECLARE HELLO (=) EYTE DATA (CARR_RETsLINE_FEEDsLINE_FEEDsLINE_FEEDsLINE_FEED,
‘STAGS-T TRAINER VERSION 1.0'»CARK_RET,LINE_FEED:'z');

DECLARE FOO_BAH (x) BYTE DATA (' I TOLD YOU THIS !'4"8X$#@ TRAINER CAN''T '»
‘DO THAT!!!*yCARR_RET+LINE_FEED:'®'y)}

DECLARE HELLO_CON (x) BYTE DATA (CARF_RET,LINE_FEEDs'NEED A HENU? (Y OR N)'y
CARR_RET, LINE_FEED: ‘x')}

DECLARE ITEM_1 (x) BYTE DATA ('ITEM 1% TANK MOVES TO THE CENTER OF THE's
' TRACK AND STOPS'sCARR_RETsLINE_FEEDs'®')i

DECLARE ITEM_2 (x) BYTE DATA ('ITEM 2! FRONT TANK RISES FROM TRENCHs; MOVING',
" HEST» AND BECOMES THE TARGET'rCARK_RET:LINE_FEED:' CENTER AND '
'REAR TAMKS MOVE FROM EAST TO WEST INTD COVER'sCARR_RET,LINE_FEED,'x');

DECLARE ITEN_3 (x) BYTE DATA ('ITEM 3! FRONT TANK RISES FROM TRENCH MOVING 'y
"WEST» THEN SINKS AGAIN',CARR_RET,LINE_FEED,' CENTER TANK MOVES '»
'NEST INTO COVER: THEN REAPPEARS: MOVING EAST'sCARR_RET,LINE_FEED:' 'y
'AND BECOMES THE TARGET. REAR TANK MOVES DUT, THEN RETREATS TD '»
CARR_RET»LINE_FEED,' ITS REAR INTO COVER',CARR_RET,LINE_FEED,'x')}

DECLARE ITEM_4 (x) BYTE DATA ('ITEM 43 CENTER AND REAR TANKS MOVE EAST TO '»
'WEST INTO COVER',CARR_RET,LINE_FEED,' FRONT TAME RISES FROM TRENCH'»
' AND BECOMES TARGET AS CENTER AND'sCARK_RET,LINE_FEED:' REAR TANKS's
' DISAPPEAR' +CARR_RETLINE_FEED:'3')}

DECLARE ITEM_S (x) BYTE DATA (*ITEM 5. FRONT TANK RISES FROM TRENCH AND '»
'TRAVERSES HILLY TERRAIN'CARR_KET+LINE_FEED:' CENTER AND REAR '»
'TANKS APFEARs THEN RETREAT INTO COVER'sCARR_RET,LINE_FEED,'s');

DECLARE ITEM_6 (3} BYTE DATA ('ITEM 6: FRONT TANK MOVES WEST OVER ROUGH '»
'TERRAIN' rCARR_RET»LINE_FEED,' CENTER AND REAR TANKS MOVE WEST '
'THROUGH COVEFR AND THEN RETREAT'sCARR_RET+LINE_FEED,' BACK INTO IT'»
CARR_RETsLINE_FEED) 'x*)}

DECLARE ITEM_7 (x) BYTE DATA ('ITEM 7! TANK NOVES EAST TO WEST ON ANY TRACK's

reir’e

CARR_RETsLINE_FEEDs'2"); .
DECLARE ITEM_8 (x> EYTE DATA ('ITEM 8! FRONT TANK MOVES WEST TO EAST AS '» :\:
"TARGET' s CARR_RET,LINE_FEEDs '®'); boe

~ot

DECLARE ITEM_9 (=) BYTE DATA ('ITEN9: REAF TANK TRAVERSES OUT MOVES TOWARD '»

.
' At

NS ]
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.
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*GUNNER ' yCARR_RET/LINE_FEED,'3')}

DECLARE PAGE_COMMENT (x) BYTE DATA (CARR_RET,LINE_FEED,LINE_FEEDsLINE_FEED)
LINE_FEEDsLINE_FEED, 'PAGE X')}

DECLARE SINGLE_PAGE (x) BYTE DATA (LINE_FEED,'PRESS °E* TO EXIT MEMU.',
CARR_RET,LINE_FEED,LINE_FEED,'x")}

DECLARE FIRST_PAGE (X) BYTE DATA (LINE_FEED,'PRESS *N® TO SEE THE NEXT PAGE)'s
' *E* TO EXIT MENU',LINE_FEED,CARR_RET+LINE_FEED:,'x')}

DECLARE CENTER_PAGE (x) BYTE DATA (LINE_FEED,'PRESS *N° TO SEE THE NEXT PAGEs's
* *P* TO SEE THE PREVIOUS PAGE: “E* TO EXIT MENU'sLINE_FEED:CARR_RET,
LINE_FEED: '2")§

DECLARE LAST_PAGE (x) BYTE DATA (LINE_FEED:'PRESS °P* TO SEE THE PREVIOUS '»
‘PAGE,» *E* TO EXIT MENU'sLINE_FEED»CARR_RET,LINE_FEED,'n');

DECLARE FOO (x) BYTE DATA (' THIS STAGS-T TRAINER CAN''T DD THAT!!',
CARR_RET,LINE_FEEDs'x")}

DECLARE REQUEST (X) RYTE DATA (CARR_RET,LINE_FEED,LINE_FEED,LINE_FEED
yLINE_FEED, 'WHICH ITEM ?? ')}

DECLARE SIGHT_O (x) BYTE DATA ('DO YOU WISH TO USE THE DAYSIGHT (D) OR THE '»
'NIGHTSIGHT (N)? '»'x');

DECLARE TRACK_@ (X} BYTE DATA ('RHICH TRACK DQ YOU WISH TO RUN TNIS SCENARID'.
* ON'+CARR_RET,LINE_FEED,' (1 = FRONT,» 2 = CENTER, AND 3 = REAR)? '+'B'))

DECLARE RATING_@ (x) BYTE DATA ('ENTER GUNNER RATING (0» 1» OR 2), X');

DECLARE ITEM_PTRS_1 (x) POINTER DATA(@ITEM_1,BITEM_2,@ITEM_3,@ITEM_4,@ITEM_S.
PITEM_6,@ITEN_7+@ITEM_8,@ITEN_9)+

PRt ettdt et tiiieteatipotottdietet i tiototttttstiiitetetitttpetipidtipeettpetets]

X THE FOLLOWING SUBROUTINE INPUTS A BYTE OF ASCII DATA FRON THE TERMINAL 1
etiititeeitttttieititaitititidiiitiectitiotittiaittetdtasisitidtatiitiiititel

CINIPROCEDURE BYTEi
DO KHILE NOT SHR(INPUT(IOSTATUS)e1)}

END;
RETURN MASK AND INPUT(IODATA):

END CIN}
Ppeitiitttctiotitbettefettieiottidiittiteitiottittetittittiittiittttottstirifl]
® THE FOLLOWING SUEROUTINE OUTPUTS A BYTE OF ASCII DATA TO THE TERNINAL ]

btotdottitiiiedistaeoitettttttineiditsetitetiitbieiitstetttvettitttdsiiftisseeds

COUT: PROCEDURE (ITEM);
DECLARE ITEM BYTE}
DO KHILE NOT(INPUT(IOSTATUS))i
END;
OUTPUT(IODATA)=ITEM;
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CALL TIME(15):
END COUT:

Pheiiteiitttiterititioidtisittetttattisiiosriostitiiiististtrscttotttitetitly
/3 THE FOLLOWING ROUTINE OUTPUTS A CHARACTER TO THE 8741 WHEN CALLED FRON 8/
/% THE MAIN PROGRANM 5/
PRrisiiititiittiiiiotidiitisiiiitedtitistitittisisititiioeitiiisiistiiisiteiy)

OUTPT: PROCEDURE (OUTDATA);
DECLARE OUTDATA BYTE» STAT_COM BYTE AT (OFO00H)» P_DATA BYTE AT (OFOO02H):
D0 WHILE NOT SHR(STAT_COM»1)} /% WAIT UNTIL UPIAL IBF = 0 x/

END}
P_DATA = NOT OUTDATAS /% NOT BECAUSE MULTIBUS INVERTS x/
END OUTPTS

PRINT: PROCEDURE(PNTR)} /T PRONFTS THE CONSOLE %/
DECLARE I WORDi
DECLARE PNTR PDINTER:
CHAR BASED FNTR (1) EBYTE:/x CHAR MUST EE AN ARRAY TO KEEF PLM HAPPY x/
I=0;
LOOP: DO WHILE CHAR(I) <> '®'}
CALL COUT(CHAR(I)):
I=1I+1
END LOOP:
END PRINTS

Redtedtitttiotittolediictiteiititenitiotttetisttottitettatistiotiotitttetiets
I THIS PROCEDURE SENDS AN ENTIRE PROGRAM (OR °*SCENE')», POINTED TO BY X
X PROG_PTRy TO THE CY512 %
hbiteiinitasdtliteiitetiattittottieistaitittictotiitiisiitetiestessatiiiitiify

TANK_PROG: PROCEDURE (PROG_PTRsLENGT)$
DECLARE PROG_PTR POINTER: LENGT WORD, (ITEM BASED PROG_PTR) (1} BYTE.
C WORD}
£=0¢
DO RHILE C < LENGT}
CALL OUTPT(ITEM(C))}
C=C+1i
END#
END TANK_PROG;

FRdttotteitedttdiotibotittoteiitettedeeiitetiptsoettetttitesseoieedtttedtift]

X THIS PROCEDURE SENDS ALL THE MOTORS TG THEIR HOME POSITIONS. x
otititobttiftiteittetetotadinteettoteiiieitostotitidtestostiitifititittiyy

RESET_MOTORS: PROCEDURE}

I=0}
DO WHILE I < 4
I=1I+1;
CALL OUTPT('P')}
CALL OUTFT(I);
CALL TANK_PROG(@GO_HOME»SIZE(GO_HOME))i
END}
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95 2 CALL OUTPTC'F')i

9% 2 CALL OUTFT(0SH);
97 2 CALL TANK_PROG(BLONEK_MOTOR »SIZE(LOMER_NOTOR))j
9% 2 END RESET_MOTORS: :
i
/% QUTPUTS PAGE 1 OF THE EMU %/ )
99 1 NENU_1} PROCEDURES -
100 2 RESPONSE = 0; -
101 2 CALL PRINT(@PAGE_CONHENT)} §
102 2 CALL COUT('1); 3
103 2 CALL COUT(CARR_RET)i X
104 2 CALL COUT(LINE_FEED); 5
105 2 CALL COUT(LINE_FEED); p
-
106 2 = 0; o
107 2 DO WHILE I ¢ LENGTH(ITEN_PTRS_1)}
108 3 CALL PRINT(ITEN_PTRS_1(I));
109 3 I=1+1;
10 3 END;
2 CALL PRINT(RSINGLE_PAGE);
1z 2 END NENU_1i
/% QUTPUTS PAGE 2 OF THE MEU T/
113 1 MENU_2: PROCEDURE;
1 2 RESPONSE = 0;
15 2 END HENU_2
/% QUTPUTS PAGE 3 OF THE MENU £/
116 1 MENU_3! PROCEDURES
o2 RESFONSE = 0i
18 2 END ENU_3;
/3 QUTPUTS PAGE 4 OF THE MENU ®/
(- 119 1 WENU_4: PROCEOURES
P 20 2 RESPONSE = 0;
o 121 2 END KENU_4i
~0:
C /% QUTPUTS FAGE S OF THE MENU 3/
T 122 1 MENUS! PROCEDURE;
) 123 2 RESPONSE = 03
e 124 2 END MENU_S}
r.‘-
o
:i;- 125 1 GIVE_MENU: PROCEDURE ;
O
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CALL PRINT(PHELLO_CON):

RESPONSE = 04
RESPONSE = CIN;
CALL COUT(RESPONSE): /x ECHO PRINT &/

IF (RESPONSE = S9H) OR (RESPONSE = 79H) THEN /x UPPER OR LOWER CASE °Y* B/
NENU? DO;
CALL COUT(CARR_RET)j
CALL COUT(LINE_FEED)}
MENU_DONE = 0}
NENU_NO = 1}
CALL COUT(VECTOR_MODE);
CALL COUT(CLEAR_ALL):
CALL COUT(HOME_CURSOR) i
CALL TIME(2000)}
CALL MENU_1}
DO WHILE NOT MENU_DONE}
SANE = 0
0K = 0;
RESPONSE = CIN:

IF (RESPONSE = 4EH) OR (RESPONSE = 6EH) THEN D0;  /x UC OR LC °*N* %/
IF MENU_NO < MAX_MENU_NO THEN DO}
MENU_NO = MENU_NO + 1}
0K = 1}
END}
ELSE DO}
SAlE = 15
CALL COUT(EELL)}
ENDS
END}

IF (RESPONSE = 50H) OR (RESPONSE = 70H) THEN 00+  /x UC OR LC °P* ¥/
IF MENU_ND > 1 THEN DO}
MENU_NO = MENU_NO - 1;
0K = 1i
END¢
ELSE DO/
SAME = 1;
CALL COUT(BELL)S
END;
ENDi

IF (RESPONSE = 45H) OR (RESPONSE = 45H) THEN DO}
MENU_DONE = 1i /3 UC/LC °E" ¥/
0K = 1j
END}

IF NOT MENU_DONE THEN IF NOT SAME THEN IF OK THEN DO;
CALL COUT(CLEAR_ALL)}
CALL COUT(HOME_CURSOR);
CALL TIME(2000):
DO CASE (MENU_NO - 1)}
CALL MENU_1i
CALL MENU_2}
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CALL MENU_3i
CALL MENU_%4;
CALL MEMU_S:
END}

END;

END;

END MENU;
ELSE DO;
CALL COUT(CARK_RET)}
CALL COUT(LINE_FEED):
END}

CALL COUT(CLEAR_ALL);
CALL COUT(HOME_CURSOR)$
CALL TIME(2000)5

END GIVE_MENU:

TANK_INIT: PROCEDURE PUBLIC;

Jhidtedititetetiottostotttocttottefeptsesttpettieetidttetisttoftoiettid

TANK_INIT PROCEDURE BEGINS HERE
et ieitiilesittitiireiditittinittttsiittiittsietttietitiiittistitesetiid]

/XX EER R RN R R XX XX XXX R RSN X YRR XKERXRXXERRXREXRERIRXXEXXXRNXRRXX

X RESET ALL MOTORS TO STARTING POSITIONS. X
3 diiiiieiaititiittedtotiisistibtiattiisteteittietitstiiiiissitiiotividiitey)

CALL RESET_MOTORS}

CALL COUT(VECTOR_MODE)}
CALL COUT(CLEAR_ALL)}
CALL COUT(HOME_CURSDR)
CALL TIME(2000):

COMMENT1:
CALL PRINT(PHELLO)j

CALL GIVE_MENU;

OK1,0K2, TOTALY_OK+GO_NOH,RESPONSE »PREVIOUS_RESPONSE = 0}
GET_ITEM: DO WHILE NOT TOTALY_OKi

/% WAIT TILL A PROPER MENU ITEM IS ENTERED x/
CALL PRINT (@REQUEST)}

0K_1: DD WHILE NOT OK1:
RESP_1_ASCII = CIN
RESP_1_NUM = RESP_1_ASCII-30H;
IF (RESP_1_ASCII < 3AH) AND (RESP_1_ASCII > 30H) THEN /x IS BETWEEN 1 & ¢ x/
DGi
CALL COUT (RESP_1_ASCII)}
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A6 S 0Kl = 13
7 S ENDS >
218 4 ELSE CALL COUT(BELL)} o
219 4 END OK_13 2
pA
20 3 0K_2: DO WHILE NOT OK2; £
21 A RESP_2_ASCIT = CIN; e
22 4 RESF_2_NUM = RESP_2_ASCII - 30H; T
223 4 IF ((RESP_2_ASCII < 3AH) AND (RESP_2_ASCII > 29H)) OR (RESP_2_ASCII = CARR_RET) THEN :
24 4 Do; -
25 5 IF RESP_2_ASCII <> CARR_RET THEN CALL COUT (RESP_2_ASCII); T
27 5 0K2 = 13 r.
28 5 END;
29 ELSE CALL COUT(BELL)S
230 4 END OK_2;
231 3 IF RESP_2_ASCII <> CARR_RET THEN
232 3 00
233 4 RESP_1_NUM = RESP_1_NUM ® 10D
L RESPONSE = RESF_{_NUM + RESP_2_NUM;
35 4 SCENARIO_BUFFER (4) = RESP_1_ASCII;
236 4 SCENARIO_BUFFER (7) = RESP_2_ASCII;
237 4 CO_NOW = 0;
238 4 END;
239 3 ELSE DO}
240 4 RESPONSE = RESP_1_NUM;
41 4 SCENARIO_BUFFER (4) = SPACE;
242 4 SCENARID_BUFFER (7) = RESP_1_ASCII:
243 4 CO_NON = CARR_RET;
M4 END;
245 3 IF RESPONSE <= SCENE_COUNT THEN TOTALY_OK = 1;
247 3 ELSE DO;
2498 4 OK1,0K2 = 0
%9 4 IF RESPONSE <> PREVIOUS_RESPONSE THEN CALL PRINT(@F0O);
51 4 ELSE CALL PRINT(RFOD_BAH);
%52 4 CALL COUT{(CARR_RET);
253 4 CALL COUT(LINE_FEED);
X 254 4 CALL COUT(BELL):
: 255 4 PREVIOUS_RESPONSE = RESPONSE;
e 256 4 CALL GIVE_MENU;
Y 257 4 END;
:;Z:; 258 3 END;
;_" 259 2 SCENARIO = RESPONSE;
P4
- 260 2 WAIT_GO:
AN DO WHILE GO_NOW <> CARK_RET} /% WAIT FOR CARR_RET /
- 1 3 GO_NON = CINi
e 262 3 IF GO_NOW < CARR_RET THEN CALL COUT(BELL)
R 24 3 END WAIT_GO
."‘-
PO %5 2 CALL COUT(CARR_RET)
= 26 2 CALL COUT(LINE_FEED)
A
VU,
. 213
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E
FL 4
._‘ g /ERRRREXERXRXRER XS REXRRRERREER IR KRR KRR ERERRXEEXEXXNRERIRXIXERIXXEXKNXRIIR .f
S x SET FLAGS: 1 N
L X SIGHT_FLAG = 1 ==> INSTRUCTOR HAS A CHOICE OF DAY OR NIGHT SIGHT  x 1
S X TRACK_FLAG = 1 ==> INSTRUCTOR HAS A CHOICE OF WHICH TRACK TO USE  x ;
:u' X  EAST_MEST = 1 == TARGET NILL START FROM THE EAST X 4-'
A ¥ STARTING_TRACK ==> THE TRACK THE SCENARIO WILL START ON T
- X TARGET_SKITCH = 0 ==> THERE WILL BE NO TARGET SWITCH X
o B FINAL_TRACK ==> TRACK TO SWITCH TO IF THERE IS A SWITCH X
L X CONTINUE ==> SYNCHRONIZES DIGITALKER X
Lo x TURNED == INDICATES WHETHER TRACK 3 IS ROTATED 1=ROTATED x
m P40ttt ittt diittsqttdadettattitsdiqtittotdiqiitiitrtitotttsfitetietttify
“ 267 7 SIGHT_FLAGIEAST MEST = 1 '
y 268 2 TRACK_FLAG) TARGET_SNITCHsFINAL_TRACK: TURNED = 0;
: 269 2 FLAG_SETIDO CASE (SCENARIO);
2770 3 FLAC_SET_0:D0;  /x DO CASE EXPECTS 0» BUT THERE IS NEVER SCENARIO 0 2/
7 4 END;
272 3 FLAG_SET_1:D0;
73 4 TRACK_FLAG = 1}
74 4 END;
275 3 FLAG_SET_2:00;
276 4 STARTING_TRACK = 1}
7 4 END;
278 3 FLAG_SET_3:00;
279 4 STARTING_TRACK = 23
280 4 END;
81 3 FLAG_SET_4:D0;
282 4 STARTING_TRACK = 1;
283 4 END;
84 3 FLAG_SET_5:00;
85 4 STARTING_TRACK = 1;
286 4 END;
7 3 FLAG_SET_6:00;
. 288 4 STARTING_TRACK = 1;
e 289 4 END;
o 2% 3 FLAG_SET_7:D0;
e 91 4 TRACK_FLAG = 1;
- 292 4 END;
K
Do 293 3 FLAG_SET_8:00;
A 294 4 EAST_NEST = 0;
N 295 4 STARTING_TRACK = 1;
v 29 4 END;
L X
297 3 FLAG_SET_9:D0;
29% 4 STARTING_TRACK = 3;

299 4 TURNED = 1}




300 4 END: =
0 3 END FLAG_SET}
02 2 DONE = 0 EE;
303 2 IF SIGHT_FLAG THEN DO NHILE NOT DONE; /X WE HAVE A CHOICE OF DAY/NIGHT SIGHT 3/

5 3 RESPONSE = 0;
306 3 CALL PRINT(BSIGHT 0);
307 3 RESPONSE = CINi
08 3 CALL COUT(RESPONSE);
309 3 CALL COUT(CARR_RET);
30 3 CALL COUT(LINE_FEED);
M 3 CALL COUT(LINE_FEED);
) VN IF (RESPONSE = 44H) OR (RESPONSE = 64H) THEN DO; /% UC OR LC *D* 3/
34 4 DOME = 1}
A5 4 DAY_SIGHT = 1; /x USE DAY SIGHT x/
36 4 END}
37 3 IF (RESPONSE = 4EH) OR (RESPONSE = 6EH) THEN DO; /= UC OR LC *N* =/
Ay 4 DONE = 1
320 4 DAY_SIGHT = 0 /x USE NIGHT SIGHT a/
2 4 END;
32 3 IF NOT DONE THEN CALL COUT(BELL);
324 3 END
5 2 DONE = 0;
a2 IF TRACK_FLAG THEN DO WHILE NOT DONE;  /x WE HAVE A CHOICE OF TRACK x/
328 3 RESPONSE = 0;
29 3 CALL PRINT(@TRACK_8);
30 3 RESPONSE = CIN;
B/ 3 CALL COUT(RESPONSE);
3w 3 CALL COUT(CARR_RET);
33 3 CALL COUT(LINE_FEED);
3 3 CALL COUT(LINE_FEED);
33 IF (RESPONSE > 30H) AND (RESPONSE < 34H) THEN 00;
R 37 4 STARTING_TRACK = RESPONSE - 30H; /% SELECT STARTING TRACK &/
o 3, 4 DONE = 1;
g 3 4 END}
>y 340 3 ELSE CALL COUT(BELL);
s
,".‘, 1 3 CALL TANK_PROG(@RAISE_MOTOR(SIZE(RAISE_MOTOR));
F
s M2 3 END;
A
0ot M3 2 RESPOMSE+ DONE = 0
o M 2 DO WHILE NOT DONE;
'@ s 3 CALL PRINT(@RATING_0);
oo 3 3 RESPONSE = CIN;
- 47 3 CALL COUT(RESPONSE);
E;{ 8 3 CALL COUT(CARR_RET);
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CALL COUT(LINE_FEED); :
RESPONSE = RESPONSE - 30H; - .

GUNNER_RATING = RESPONSE

IF ((RESPONSE >= 0) AND (RESPONSE <= 2)) THEN DONE = 1)
ELSE CALL COUT(BELL):

END}

CONTINUE = 15 /¥ USED TO SYNCHRONIZE OPERATIONS WITH 'DIGITALKER® x/

END TANK_INITS

TANK_START: PROCEOURE PUBLIC: /x CALL AFTER SCREEN PRESENTATION COMPLETE x/

CALL OUTPT('T")}
CALL OUTPT(STARTING_TRACK)}

IF TRACK_FLAG THEN DO}
CALL OUTPTC'P')S
CALL OUTPT(STARTING_TRACK):
END;

DO CASE (SCENARID):
CALL TANK_PROG(®@SCENE_0,SIZE(SCENE_0));
CALL TANK_PROG(PSCENE_1,SIZE(SCENE_1));
CALL TANK_PROG(@SCENE_2,SIZE(SCENE_2)}}
CALL TANK_PROG(@SCENE_3,SIZE(SCENE_3))i
CALL TANK_PROG(@SCENE_4»SIZE(SCENE_4));
CALL TANK_PROG(BSCENE_S»SIZE(SCENE_S))}
CALL TANK_PROG(@SCENE_6,SIZE(SCENE_4));
CALL TANK_PROG(@SCENE_7,SIZE(SCENE_7))}
CALL TANK_PROG(@SCENE_8,SIZE(SCENE_8))}
CALL TANK_PROG(@SCENE_9,SIZE(SCENE_9))}

END;

CONTINUE = 1}
END TANK_START;

Phttodtsttiettotiespiotipptteetttidtittdtetodeftttiteetidietddefetiisietttotted

X WE NOW WISH TO STOP THE TANKS IMMEDIATELY AND WAIT FOR RESET. X
iitetitieiiiteititttebittititttsiilitieetitioteteittttiittiittetitetiittieiill

TANK_KILLED: PROCEDURE PUBLIC:
CALL OUTPT('R')} /% RESET ALL CYS5125 n/
END TANK_KILLED:

END TON_START_UP_MODULE}
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N CROSS-REFERENCE LISTING :
o= DEFN ADDR SIZE NAME, ATTRIBUTES, AND REFERENCES e
F
N 5 ADN3A_CLEAR. o o o .  LITERALLY N
N 5 ADM3A_MODE . . » » »  LITERALLY -
~ 5 ALPHA_4010_MODE, . .  LITERALLY j; '
- 3 BELL » v+ v+ 4 v+ LITERALLY 154 166 218 229 254 263 323 340 354 3
B0 0002H 2 Co v v v v s v v v s WORD 8t 82 83 B4
3 CARRRET + » o + o+«  LITERALLY 16 17 18 19 20 21 2 23 M4 25 2% O
7 28 29 30 31 32 33 M B/ % I B/ I 0 %
1 4 A2 43 M 45 4 47 49 103 132 192 223 225 231 Y
SR 243 252 260 262 265 309 332 348 :
- 44 OCOEH 83 CENTER_PAGE. . . . .  BYTE ARRAY(83) DATA .
- 72 0000H 1 CHAR . . 4+ 4 v+ .  BYTE BASED(PNTR) ARRAY(1) 74 75 d:
s 52 ODC2H 21 CIN o v v v v v o s Pg!:CEDURE BYTE STACK=0002H 128 184 211 221 261 307 330
P 6 ™
;1 5 CLEARALLs + + + + «  LITERALLY 137 178 195 202 ~
2 6 CNTRZMODE. » + + » »  LITERALLY =3
. 205 10EOH COMMENTY « . o+ . .  LABEL :
= 9 0000H 1 CONTIME . .. ...  BYTE EXTERNAL(S) 356 378 N
- 6 CONTROL: « + « 4 ¢ LITERALLY \
. 6 COUNTER_2, + + v + »  LITERALLY -
» 57 ODO7H 34 COUT . . v« 4«4,  PROCEDURE STACK=0004H 75 102 103 104 105 129 132 133 -
o 135 137 138 154 166 178 179 192 193 195 196 201 202 203
. 215 218 226 229 252 253 254 263 265 266 308 309 310 31 o
N 323 331 332 333 334 340 347 348 349 354 =
a2 9 0000H 1 DAY_SIGHT. . .+ . .  BYTE EXTERNAL(0) 315 320 =
o 15 00144 1 DONE . .. .+ .. BYIE 302 304 314 319 322 325 327 338 343 M 353 o
.;:; 9 0000H 1 EAST_MEST. . . . ..  BYTE EXTERNAL(4) 267 294 -
9 0000H 1 FINAL_TRACK. + + + »  BYTE EXTERNAL(3) 248 -
) 43 O0BDYH 53 FIRSTPAGE . . . . +  BYTE ARRAY(53) DATA -
‘ 269 1296" FLAG_SET [ S B T 2} LABEL '-\"
7 270 12A%M FLAGSET 0 + + + + »  LABEL ~
:‘.j 272 12“3" FL“G_SET_I [ I I ) LhBEL f\:
Q'::- 275 12A3H FL“G_SET_Z L I I ] LﬁBEL .k
278 1243 FLAGSET.3 . + + o+  LABEL o
281 126EH FLAG.SET.4 ., . . .  LABEL -
~ 28’ 12“[“ FLAG_SET_S [ I T T} LABEL -
w 287 12AEH FLAG.SET.6 » + + 4 »  LABEL -2
oy 290 12AEM FLAG.SET.7 + + + + +  LABEL o
e 293 12BSH FLAG.SET8 . . « . +  LABEL X
o 297 120H FLAG.SET.9 » + » + +  LABEL
ol 30 075BH 54 FOOBAHs + ¢ o v 4 s BYTE ARRAY(S54) DATA 251 .~
L. 208 1100H GETITEM + + « + « +  LABEL ]
- 125 OF35H 382 CIVE_MEMU., . . . + »  PROCEDURE STACK=0014K 206 256 o
:':: 26 0607"" 26 GO_HONEO [ I R S N | BYTE th(26) MTA 93 .’:\
- 11 000SH 1 GONOW , . .4+, BYTE 207 237 243 260 261 262 o
P 5 GRAPHICS_CLEAR . . ,  LITERALLY .
7 10 60BOH 1 GUNNER_RATING. . . .  BYTE AT ABSOLUTE 351 7
o 29 0738H 35 MELLO. . . . . . .+  BYTE ARRAY(35) DATA 205 o~
5 31 0791 26 WELLO.CON. . . . . o  BYTE ARRAY(26) DATA 126 o
3 x
Wy 3
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HOME_CURSOR. + « + «  LITERALLY 138 179 196 203 i
) RN 14 (1 88 89 90 92 106 107 108 109 “!
Io R T T T T TR R R ) “ORD 73 7‘ 75 76 '_-_"
INMUT. « v o oo v s  BUILTIN 53 55 9 2
T0DATA v+ v« o « 4 LITERALLY 55 &1 KX
JOSTATUS o + » o + o LITERALLY 53 59 o
ITEN o v o o v o v+ BYTE BASED(PROG_PTR) ARRAY(1) 83 ry
ITEM o o v s o v o« BYTE PARAMETER AUTOMATIC 58 61 )
ITEN.1 4 4 v v o o+ BYTE ARRAY(S8) DATA 51 "
ITEM.2 o o o« o+« BYTE ARRAY(141) DATA 51 A,
ITEM.3 . .+« » + o BYTE ARRAY(243) DATA 51 <y
ITEN.4 . v 4 o 4 o o BYTE ARRAY(143) DATA 51 :J
ITEN5 ...+ .+ BYTE ARRAY(130) DATA 51 &
TTEM.6 « « o « « « o BYTE ARRAY(145) DATA 51 ij
ITEM.7 o v v+« + o BYTE ARRAY(47) DATA 51 -
ITEH_S LR T T S S Y BYTE *RAY(SO) DATA S '-:
ITEN.9 o . « « v o+ BYTE ARRAY(53) DATA 51
ITEN_PTRS_1, + » » »  POINTER ARRAY(9) DATA 107 108
LAST_PAGE. « + + + »  BYTE ARRAY{(57) DATA
LENGT. o o ¢ « « o «  MORD PARAMETER AUTOMATIC 80 82
LENGTH » o o » o »  BUILTIN 107
LINE_FEED, + « « o« «  LITERALLY 29 30 31 32 33 M 3% 3% 37 38 I
0 41 42 43 44 45 4 47 49 104 105 133 193 253

266 310 311 333 334 349 :
LOOF + « 4 o o ¢ » o+ LABEL !
LOMER_MOTOR, + « + +  BYTE ARRAY(37) DATA 97 -
"ASK LI Y T TR SR T B ) LITERALLY 55 :‘
MAX_MENU_NO. « « « .  LITERALLY 147 "
HENU LI T S S B R I ) LABEL "_-“
MENU_L « o » + » o«  PROCEDURE STACK=0010H 140 182 ]
MENU_Z « + o o« + +  PROCEDURE SYACK=0002H 183
MENU_3 » + o v v+ o PROCEDURE STACK=0002H 184 K
MEMU.? v o o ¢ ¢ ¢« PROCEDURE STACK=0002H 185 RS
"ENU-S R PROCEDURE STACK=0002H 186 b
MENUDONE, « + o « «  BYTE 134 141 171 174 e
MEMUNO, « o o oo« BYTE 135 147 149 159 161 181 N
0K v oo oo 0w vs BYTE 143 150 162 172 174 C
OKlw o o o o o s oo BYTE 207 210 216 248 o
OKZO LI 2 Y B BRI 2N ) BYTE 207 220 227 2*8 -:1
OK_I LI I I I LABEL ':-:‘
M_Z I T I S Y LABEL “:<
OUTDATA. + + + + « +  BYTE PARAMETEK AUTOMATIC 65 68 "o
OUTPTs + « o o« « « +  PROCEDURE STACK=0004H 83 91 92 95 9 359 340 343 9{$

364 381 NS
OUTPUT + + + o + + «  BUILTIN 61 .
PAGE_COMMENT . . . »  BYTE ARRAY(12) DATA 101 D
PNTR o « « « « o « o  POINTER PARAMETER AUTOMATIC 72 74 75 N
PREVIOUS_RESPONSE, .  BYTE 207 249 255 - d
PRINT. + + o + o « +  PROCEDURE STACK=000CH 101 108 111 126 205 209 250 251 F§

306 329 345 ~
PROGPTR « o+ o « « «  POINTER PARAMETER AUTOMATIC 80 83 e
P-D‘T“ I A T ) BYTE AT “BSOLUTE é8 ':'.‘
RAISE_MOTOR, « « » .  BYTE ARRAY(34) DATA 3 Y
RATING_O DR S ) BYTE hRf(ﬁY(36) DATA 345 o
REQUEST, « + + . + «  BYTE ARRAY(20) DATA 209
RESET_MOTORS « « o »  PROCEDURE STACK=0012H 200
RESPONSE . . « « » .  BYTE 100 114 117 120 123 127 128 129 130 144 145 17
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169 207 234 240 245 249 255 259 305 307 308 312 317 328
330 331 335 337 343 346 347 350 31 332

.
-t

24 058EH 136 SCENE_B. .
25 0616H 193 SCENE 9. . .

BYTE ARRAY(136) DATA 375
BYTE ARRAY(193) DATA 376

- 14 O000EH 1 RESP_1ASCII . ... BYTE 1 212 213 215 235 242
- 14 0010M 1 RESP_I MM . ..., BYIE 212 233 234 200

14 O00FH 1 RESP.2ASCII , ..., BYIE 221 222 223 225 226 231 236 -

14 0011 1 RESP.2MUN . .... BYIE 222 234 v
15 00164 1 SAME . ... .... BYIE 142 153 165 175 -
11 000BH 1 SCENARIO . . . ..., BYIE 259 269 366 ]
13 0000H 9 SCENARIO_BUFFER. . .  BYTE ARRAY(9) EXTERNAL(4) 235 23 241 242 =
16 00248 1 SCENELO. o+« + » .  BYTE ARRAY(1) DATA 367 -
17 0025H 52 SCEME_1. . . . . « .«  BYTE ARRAY(S52) DATA 368 -
18 0059H 216 SCENE.2. . . . . . .  BYTE ARRAY(214) DATA 369 V.
19 01314 252 SCEME_3. + + + 4 » «  BYTE ARRAY(252) DATA 370 2-;
20 022DH 223 SCENE.4. » .+ .+ +  BYTE ARRAY(223) DATA | e
21 030CH 259 SCENES. » .+ . . .  BYTE ARRAY(259) DATA 72 o
22 0M0FH 284 SCENE&, . . + + » »  BYTE ARRAY(2B84) DATA 373 e
23 0S2BH 99 SCENE7. « .« + o 4  BYTE ARRAY(99) DATA 74 X

.- @ *® ® ® @ & e * e * & °o o * s -

2 SCENE_COUNT, LITERALLY 245
4 SETCOUNT . . LITERALLY
SHRe « v 4 BUILTIN 33 66
15 0012H 1 SIGHT_FLAG . BYTE 247 303
48 OCD4H 60 SIGHT.G. . BYTE ARRAY(50) DATA 306
42 OBBDH 28 SINGLE_PAGE. BYTE ARRAY(28) DATA m "
SIZE + v v BUILTIN 93 97 341 347 38 369 370 371 372 I3 74 -
375 36 w
3 SPACE. + + « v « « »  LITERALLY 241 A
9 0000H 1 STARTING_TRACK . . .  BYTE EXTERNAL(1) 276 279 282 285 288 295 298 337 340 -
354
85 FOOOH 1 STAT_CON . . BYTE AT ABSOLUTE 66

PROCEDURE PUBLIC STACK=0018H
PROCEDURE PUBLIC STACK=0008H o
PROCEDURE STACK=000EH 93 97 341 347 368 39 370 371 -7
372 373 374 IS5 376 o
PROCEDURE PUBLIC STACK=0012H

380 1528H 18 TANK_KILLED.

199 10B3H 932 TANK_INIT. . .
79 OEASH 38 TANK_PROG. . .

- * e =
.- * & e
.« ® o+ -

358 1457H 209 TANK_START « « .

9 0000 1 TARGET_SWITCH, . o .  BYTE EXTERNAL(2) 248 Ny

TINE v v v v v v v o BUILTIN 62 139 180 197 204 o

12 000DH 1 TOTALY.OK. » . ... BYIE 207 208 246 -l

1 00C2H TOM_START_UP_MODULE.  PROCEDURE STACK=0000H oo

15 00134 1 TRACKFLAG » + + + .  BYTE 268 273 291 326 381 -

e 49 0D12H 93 TRACKQ. 4 . « .« .  BYTE ARRAY(93) DATA 329 !§§
: 10 60B1H 1 TURNED + o 4 4+ » +  BYTE AT ABSOLUTE 268 299 N
. 7 USART_COMMAND. . + »  LITERALLY oy
- 7 USART_CONTROL. » + +  LITERALLY i
o 7 USART_MODE o + » + +  LITERALLY N
30 5 VECTOR_MODE. . » + »  LITERALLY 136 201 ;;]
b4 260 12434 WAIT_GO. + + v o« o LABEL e
- RN,
o _:)
o MODULE INFORNATION: A
.\'% .-.'a
@ CODE AREA SIZE = 153AH  S434D ==
o CONSTANT AREA SIZE = 0000H 00 ~
Xy VARIABLE AREA SIZE = 0017H 230 -3
. MAXINUM STACK SIZE = 0018H 24D xS
e
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APPENDIX G

-

TOW STATISTICAL PACKAGE

e PR
IR
Y SR )

.
a

Four program modules were modified to incorporate the TOW Statistical _
Package. The modifications were relatively simple because all the necessary o

information is collected in real-time during simulated missile flight with -
statistical analysis being a subsequent operation. -
Figure G-1 shows the PLM/86 addition to the TOW Flight Module which ~
calculates gunner aiming error statistics in elevation and azimuth., These s
include mean and unbiased (M-1) standard deviation in both axes for selected -
time intervals. N
Figure G-2 shows the revised TOW Utility Module procedure "HX2AS" which :j
processes both statistics and miss information. tj
f;l Figure G-3 shows the revised TOW Main Module procedure "Action-Wait" which -;
jfi waits for a command for either statistics or a reprise presentation. »
ifi Figure G-4 (A, B and C) shows program additions to the PIP Keyboard-I0
Module.
oG
:
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228 1 STATISTICS: PROCEDURE PUBLIC: -
29 2 DECLARE H_MEAN (8) BYTE AT(OAOA2H)» H_DEV (6) BYTE AT{(QAOABH)} "
230 2 DECLARE MEAN_RIGHT BYTE AT(OAQAEH)} »
31 2 DECLARE V_MEAN (6) BYTE AT(0AOBZH)s V_DEV (4) BYTE AT(OADBBH); -;
232 2 DECLARE MEAN_UP EYTE AT(OAOBEH): ¥
233 2 DECLARE DO_STATS BYTE AT(0AO90H)} "
34 2 DECLARE STATS_READY EYTE AT(0A091H)§
235 2 DECLARE START_TIME BYTE AT(0A092H);
3% 2 DECLARE END_TIME BYTE AT(0AO93H)i
237 2 DECLARE ENG_AT_TARGEY EYTE AT(OA094H): -
238 2 DECLARE (START_COUNT, END_COUNTs I) WORD, (SIGMA_Ys SIGMA_Z» B2
SIGNA_Y_S@» SIGMA_Z_SGs F_COUNT) REAL} .
239 2 DECLARE {VAR_Y» VAR_Z» MEAN_GAEY» MEAN_GAEZ,STD_DEV_Y» STD_DEV_Z) REAL:
240 2 SIGMA_Yy SIGMA_Zy SIGMA_Y_S@» SIGNA_Z_5@ = 0.0:
241 2 DO_STATS = 0;
282 2 START_COUNT = 25 ® START_TIME}
292 2 END_COUNT = 25 x END_TIME;
244 2 IF END_COUNT > UNSIGN(COUNT) THEN BEYOND: DO:
2% 3 END_COUNT = UNSIGN(COUNT)}
287 3 END_AT_TARGET = 13
248 3 END BEYOND:
4% 2 F_COUNT = FLOAT(INT(END_COUNT - START_COUNT))$
250 2 51GMA:
DO I = iSTART_COUNT +1) TD END_COUNT;
251 2 SIGRA_Y = SIGMA_Y + RESULTS(I).S_GAEY;
" 12 SIGMA_Z = SIGNA_Z + RESULTS{I}.S_GAEZ}
333 SIGMA_Y_ SO = SIGMA_Y_SQ + RESULTS(I),S_GAEY ® RESULTS(I).S_GAEY}
254 3 SIGMA_Z_S0 = SIGMA_Z_50 + RESULTS(I).S_GAEZ x RESULTS(I).S_GAEZ}
255 3 END SIGMA;
256 2 MEAN_GAEY = SIGMA_Y/F_COUNT:
257 2 VAR_Y = (SIGMA_Y_SO ~ SIGMA_Y 3 MEAN_GAEY)/(F_COUNT - 1.);
258 2 IF VAR_Y 7 1,0E-12 THEN VAR_Y = 0.0} /% GMALLEST REPRESENTABLE SDEV. /
260 2 STR_DEV_Y = aqerY2X{VAR_Y» 0.9)i
281 2 MEAN_GAEZ = SIGMA_Z/F_COUNT;
262 2 VAR_Z = (SIGMA_Z_S@ - SIGMA_Z ¥ MEAN_GAEZ)/(F_COUNT - 1.)}
26y 2 IF VAR_Z ~ 1,0E-12 THEN VAR_Z = 0.0} /2 SMALLEST REPRESENTABLE SOEV, 2/
265 STO_DEV_Z = m3er YZX(VAR_» 0.5)}
2862 IF MEAN_GAEY < 0. THEN MEAN_RIGHT = 0: ELSE MEAM_RIGHT = 1}
269 2 IF MEAN_GAEZ - O, THEN MEAM__UP = 0 ELSE MEAN_UP = 1}
7202 CALL HXZASIFIX{MEAN_FAEY X 1,E4)»8H_MEAN)}
3 2 CALL HX2AS(FIX(STD_DEV_Y x {.E6),@H_DEV);
74 2 CALL HX2AS(FIX(MEAN_GAEZ = 1.Es)s8Y_MEAN);
275 2 CALL HX2AS(FIX{STD_DEV_Z = 1.E4),8V_DEV:;
FAEIN STATS_READY = 1}
277 2 END STATISTICS:

Figure G-1. Addition to TOW Flight Module.
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/% HX2AS CONVERTS AN INTEGER TO ASCII CHARACTERS WITH THE
LEAST SIGNIFICANT DIGIT IN THE TENTHS POSITION x/

HX2AS: PROCEDURE (IHEX»ASCII_ADR)

PUBLICS

DECLARE ASCII_ADR POINTEK, IHEX INTEGER, HEX WORD.
ASCII BASED ASCII_ADR (&) BYTE, N INTEGER » RENAINDER WORD;
IF THEX < O THEN HEX = UNSIGN(-IHEX):
ELSE HEX = UNSIGN(IHEX)}

DON=4T008Y -1}
RENAINDER = HEX MOD 10 + 30H)
ASCIT(N) = LOW(REMAINDER);
HEX = HEX/10:
END
IF NO_TENTHS = 0 /3 NO_TENTHS =
THEN DO;
ASCII(S)
ASCII(4)
END:
N=0;

ASCIT(4)}

[
.t

! DURING REFRISE 1/

00 WHILE (ASCII(N) = 30H) AND (N - SIGNED(3 + NO_TENTHS))i /x REPLACE LEADING ZEROES WITH KLANKS 3/

ASCIT(N) = 20H;
N=N¢+1;
END;

END HX2ASi

Figure G-2.

Revised "HX2AS" Procedure.

ACTION_NAIT! /3 WRIT FOR REPRISE 3/

DO FOREVEK:

ACTION = NOT(INFUT(PORT_E)) AND O4H;
IF ACTION = 4 THEN CALL H_REPRISES
IF DO_STATS THEM CALL STATISTICS:

END ACTION_MALT;

Figure G-3.

Revised "Action-Wait" Procedure.
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31 DECLARE STATS_MSG_1 (%) BYTE DATA ('ENTER START TIME: '); .}f
M DECLARE STATS_MSG_2 () BYTE DATA (‘ENTER END TIME ! *)i -
5 1 DECLARE ALPHA_MODE_HONE (Z) BYTE DATA (33Q,140); 23
% 1 DECLARE STATS_MSG_O (x) BYTE DATA (330,14Q,350:620:1700,520+1120,370+ ' STAGS/T'+ >
* STATISTICAL PACKAGE'»350+620:1420s460s1140) 5
370, (NEAN AND STANDARD DEVIATION IN MICRORADIANS)', -
CRLFoLFLF) »
LF); .-
7 o1 DECLARE STATS_MSG_3 (x) BYTE DATA (350,520,1600+450+1310+370s' ELEVATION's B
35052051600, 6601 1000,37Gs ' AZIMUTH' 1CRoLF, e
LFsLFy "
' HEAN : HEAN ¢ 9 CRILFsLFyLF 2
' STANDARD STANDARD ' +CRoLF» -
' DEVIATION: DEVIATION: 'sCRoLF sLFsLFs T
- DIRECTION: DIRECTION:'+350); ‘
8 1 DECLARE STATS_MEAM V (X BYTE DATA (350,500,1560,510,10605370)
9 1 DECLARE STATS_STD_DEV_V (x) BYTE DATA (350,450,1660+510,10605370)
50 1 DECLARE STATS_DIF_V  (x) BYTE DATA (35Q,430:1440:520,1020,370);
511 DECLARE STATS_MEAN_H  (x) BYTE DATA (350,5001560:700,13605370);
52 1 DECLARE STATS_STD_DEV_H (x) BYTE DATA (350,450:166@1700,1360:370;
53 1 DECLARE STATS.DIRH  (x) EYTE DATA (350,430,1640,710,1320:370);
54 1 DECLARE RIGHT (x) BYTE DATA ('RIGHT");
55 1 DECLARE LEFT (x) BYTE DATA ('LEFT' );
5 1 DECLARE UF (x) BYTE DATA ('UF'  );
57 1 DECLARE DOWN (X) BYTE DATA ('DOWN' )3

Figure G-4(A). Addition to "Keyboard-I0" Module.
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237
238
239
240

242
243
244
246
297
248
250
251
252
253
255
256
257
258
259
260
261

263
264
265

266
268
249
270
1

272
273
275
276
277
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X THE FOLLONING PROCEDURE IS FOR GENERATING THE STATISTICAL DATA AFTER A =
x  FLIGRT, THE USER NAY INPUT THE BEGINING TIME AND AN ENDING TIME IF LESST
T THAN THE TOTAL FLIGHT TIMNE IS DESIRED. X
IEYIEISIITESI NI IS RIS EISNSER ISR/

STATS_ROUTINE: PROCEDURE PUBLIC:

RE_ENTRY: CALL PRINT (@ALFHA_MODE_HOME: LENGTH(ALPHA_MODE_HOME));
CALL  TIME(1700D): /@ DELAY UNTIL FINISHED (>165 MILLISECONDS)R/
FAST+I,D0_STATS,STATS_RDYEND_AT_TARGET,STATS_REQ = 0}

CALL PRINT (@STATS_MSG_0» LENGTH (STATS_MSG_0));

/3 HE ARE NOW READY TO GUERRY THE USER:
(1) WE DISPLAY "STATISTICAL ANALYSIS FROGRAM'
{2) PRINT 'ENTER START TIME: * (INGEST UP TO TWD DIGITS)
(3) PRINT “ENTER END TIME { ° (INGEST UF TG TWO DIGITS)
(4) UPON ENTERING THE SECOND NUMBER OR A CR THEN CLEAR SCREEN
(5) IF A BEGINNING TIME WAS NOT ENTERED THEN SET START_TINE TO 0
(6) IF AN ENDING TIME WAS NOT ENTERED THEN SET END_TIME TO 14
{7) ANNOUNCE TO THE MFS THAT THE LIKITS ARE SET (DO_STATS = 1)
(B) WHEN THE DATA IS READY (STATS_RDY = 1) THEN PROCEDE T0O DISPLAY IV =/

/AT I IY3 XX ZIIXXSERYIYIIIREXIRINRYTRINXE/
TEMF_BUFFERC0)  TEMF_BUFFER(1) = 30H; /x SET THE BUFFER = 00 2/

CALL PRINT (@STATS_MSG_1» LENGTH(STATS_NSG_1))3
CALL €Iy
IF CHAR <" CR THEN TEMP_BUFFER(Q) = CHAR:
ELSE GOTO SKIP_IT: /x JUNP IF A Ck IS RECEIVED x/
CALL CI;
IF CHAR <> CR THEN DO}
CALL CO (CARRIAGE_RETURN):
TEWF_BUFFER(1) = CHAR:
END;
IF CHAR = CR THEN DO;
TEXF_BUFFER(1) = TEMF_BUFFER(0);
TENFP_BUFFER(0) = 30H)
END)
SKIF_IT: CALL CO (LF);
CALL CO (LF))
START_TIME = ASCII_TO_HEX (@TEMF_BUFFER(0)+2);
IF START_TIME : 16 THEN START_TIME = 16i
/AT XX IR Y Y YIRS IRY SR RTIIRXNCR B/
TEMF_BUFFER(0)» TEMF_BUFFER(1) = 30H;
CALL PRINT (@STATS_MSG_Z» LENGTH(STATS_MSG_2))4
CALL CT¢

IF CHAR <> CR THEN TEMP_BUFFER(0) = CHAR;

ELSE DO} /% IF CR THEN SET END_TINE TO 16 AND BAIL OUT 2/
END_TIME = 16}

GOTO SKIF_I72i

END}

CALL CI

IF CHAR <> CR THEN DOS
CALL CO (CARRIAGE_RETURN);
TEMP_BUFFER(1) = CHAR:
END;

Figure G-4(B). Addition to "Keyboard-10" Module.
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278 2 IF CHAR = CR THEN DO;
260 3 TEWP_BUFFER(1) = TENP_BUFFER(0); 5
81 3 TENP_BUFFER(0) = 30H; D
82 3 END; o
283 2 SKIP_IT2! CALL CO (LF); =
4 2 CALL CO (LF); 2
%5 2 CALL €O (LF); o
286 2 END_TINE = ASCII_TO_HEX (RTENP_BUFFER(0):2)} -
267 2 IF END_TINE > 16 THEN END_TINE = 16 /R NE NON HAVE BOTH VALUES 1/ o

5

-~

289 2 IF END_TIME <= START_TIME THEN GOTO RE_ENTRY:

R

91 2 CALL PRINT (BSTATS_MSG_3» LENGTH (STATS_NSG_3));

Aa It lmfas o

-
-
S.

92 2 DO_STATS = 1; /% ALERT THE MFS x/

293 2 DO WHILE STATS_RDY = 0; /% WAIT TILL THE DATA IS READY x/

94 3 END;

295 2 CALL PRINT (@STATS_MEAN_Hs LENGTH (STATS_MEAN_H));

29 2 HOR_NEAN: DO I = 0 T0 5i

297 3 CALL CO (H_MEAN(I)):

298 3 END}

%9 2 CALL PRINT (@STATS_STD_DEV_H, LENGTH ({STATS_STD_DEV_H))i -
300 2 HOR_DEV: DO I=0TCS; a3
01 3 CALL CO (H_DEV(I)); o'
02 3 END; K
303 2 CALL PRINT (@STATS_DIK_Ms LENGTH(STATS_DIR_H));

300 2 IF MEAN_RIGHT THEN CALL PRINT (ERIGHT,» LENGTH (RIGHT));

06 2 ELSE CALL PRINT (BLEFT, LENGTH {LEFT));

07 2 CALL PRINT (BSTATS_MEAN_Vs LENGTH (STATS_NEAN_V));

08 2 VER_MEAN: D0 I = 0 T0 S

309 3 CALL CO (V_MEAN(I))

30 3 END;

a2 CALL PRINT (@STATS_STD_DEV_Vs LENGTH (STATS_STD_DEV_U))}

N2 2 VER_DEV: DO I=0T70S;

A3 3 CALL €O (V_DEV(I));

34 3 END}

A5 2 CALL PRINT (@STATS_DIK_Vs LENGTH(STATS_DIR_V))i

A6 2 IF MEAN_UP THEN CALL PRINT (BUP» LENGTH(UF));

318 2 ELSE CALL FKINT (BOOWN» LENGTH (DONN));

N9 2 CALL C0(350)} /x SHIFT BACK TO VECTOR MODE 2/

[25)
Laed
S
ra

END STATS_ROUTINE;

2t 1 END KEYBDARD_I0/

Figure G-4(C). Addition to "Keyboard-10" Module.







