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DEVELOPMENT OF TACTICAL SITUATION SIMULATOR ALGORITHM
AND INVESTIGATION OF THERMAL LINE PRINTER

FOR A SENSOR MONITORING SET

INTRODUCTION

A Sensor Monitoring Set (SMS) is being developed to monitor
unattended group sensors. This device displays sensor alarms on an X-T
recorder which presents an operator with a time history of sensor
activations and target classification data. This data and the resulting
activation patterns generated can be used to calculate and determine
target parameters such as direction, velocity, length to column, number of
objects in a target, et cetera.

Efficient processing of this data by an operator is partly dependent

on the manner in which the data is presented. This area is presently
under investigation. Included in this investigation is a limited human
factors test which was conducted using Army and larine personnel at Ft.
Monmouth, NJ. However, owing to constraints imposed by funding and time
limitations, it was recognized that the scope of the effort would be
limited to a modest investigation that, at best, would produce only
indicators on formats for displaying sensor data and on the performance of
operators with visual display formats.

In order to display actual sensor activations and target
classification for these tests, a data base containing these activations
was required. A tactical situation simulator was designed to approximate
operational situations and generate the resulting activations to be

displayed.

The system and tests this report discusses were designed to aid in
this investigation.

GENERAL DESCRIPTION

The system utilized an Interdata Model 70 minicomputer with
peripheral devices, a tactical situation simulator, character generator,
and associated recorder programs. Generated sensor activations are
processed to determine sensor type and target classification, if
applicable. This processed data is displayed on the recorder for operator
processing. Additional displays are used by the personnel conducting the
tests to monitor the simulator outputs.



Human factors tests were conducted using trained operators who were
asked to extract as much target parameter information as they could from
the X-T plots. These plots represented a time history of the sensor
activations and target classifications which could be expected from
various operational tactical situations. Each tactical situation
consisted of various types and quantities of vehicles and personnel moving
along a number of different trails. Target classifications received from

the "sensors" were printed on the plots using symbols and alphabetic
characters.

TACTICAL SITUATION SIMULATOR ALGORITHM (TSSA)

The TSSA reproduces the real time response of an unattended ground
sensor or group of sensors for any set of objects following a defined set
of tracks. Each item - sensors, objects, and road - can be defined by the
user and are limited in number only by computer memory size and system
cycle speeds. For example, situations which contain upwards of 50 objects
and 45 sensors have been used to date, with still larger situations
possible. An example will be given later.

The objects are output to an alphanumeric-type CRT in a quasi-graphi-
cal mode, that is, individual symbolic object data is mapped in the
discrete position on the CRT which is nearest the exact object position.
The activations data is output to the thermal recorder, line printer,
and CRT. An example of a complete CRT mapping of both object and sensor
data is shown in Figure 1. Here, the sensor ID numbers and activation
count are given for each sensor and the real time track of the object(s)
is displayed.

Models

The geometry, object and sensor functions are described by models of
their respective operations. Each of these models was chosen to provide
algorithm flexibility as well as a realistic representation of actual
system operation. Within the object and sensor models there are also
submodels to give further system flexibility.

1. Track Geometry Model

The tracks or trails which an object follows may be a straight line
or an approximate curve. The only restriction is that they all lie in the
same geometrical plane. Thus, hills or valleys are not accounted for in
this model, although they can be implemented with some object restrictions
or additional software.

The tracks are defined as piecewise linear approximation in a
two-step process. First, a number of discrete straight line segments are
defined. Then, these segments are joined together in strings to form the
desired tracks.

Each segment is defined in absolute terms by its beginning and end

coordinates. When segments are joined, the end coordinates of one must
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equal the start of the next and so on, for useful result., to occlir. The

strings thus formed are numbered to allow assigiient to a specific object.

2. Object Model

The objects which are presently recognized by the algorithm are per-
sonnel, wheel and track, but this can be expanded up to 255. Each object
has several parameters which define its operational characteristics:
(1) type, (2) string (track), (3) speed, (4) direction, (5) start time,
and (6) location.

3. Sensor Model

There are two types of sensor models used in the algorithm at
present; detection-only and classifiers. The detection-only type provides
an alarm indication whereas the classification type provides a
classification of the target as determined by the classifier model. Other
types can be added, if desired, by simple software modifications.

Modeling of all the sensors operation is done by making the following
assumptions and parameterization of sensor operation: (1) each sensor
exhibits a probability of detection vs. object distance (usually a cir-
cular radius of detection is used); (2) the object type has an effect on

the sensor detection radius or detection characteristic; (3) an inhibit
time of operation is associated with each sensor.

The classification process also has certain operational characteris-
tics which are incorporated into its model: (1) the sensors classify
correctly on a gross probability basis, that is, the overall percentage of
correct classifications is given; (2) the heaviest target within the area
of influence of a classification sensor is always taken as the dominant
target; (3) each classification sensor outputs an alert activation when
the target is just outside the sensor's detection zone.

The actual classification is performed on a set partitioning scheme.
A random number generator develops a random number between I and 32767.
This set is partitioned at K*32767 where K is the gross probability of
correct classification. Thus, any random number which occurs between 1
and K*32767 will correspond to the dominant target and all others will he
considered a false alarm. Note that the random number generator produces
the same sequence of random numbers for a certain starting value. The
starting value for the random number generator can be any number between I
and 32767. This number initializes the random sequence and produces an
entirely different sequence for each different value. Thus, the classi-
fication sequences can be kept constant or varied, if desired, by manipu-
lation of the starting value.

Data Stnrcture

The data structure of the algorith'i f3 imporLant becaitse of the flex-
ibility it allows in programming many tarttcal ;ituattons. It consists of
three inputs: sensor parameters, track i,,eoretrv parameters, and object
parameters. Fach is independent of the others and can thus be modified
individual ly.



TSSA Operation Details

The actual execution of the algorithm must first be preceded by a pre-
liminary analysis and specification of the desired tactical situation.
Note that once a tactical situation has been defined, it does not have to
be defined again. The situation layout may he obtained from actual
military maps or can be composed in any arbitrary manner, depending on the
desired geometry one wishes to use. It is best to fix one or more of the
data groups, track geometry, objects, or sensors to minimize confusion and
to simplify operation. The two most useful groupings to keep fixed are:
(I) geometry or (2) geometry and sensors. With a proper choice of track
definitions in planning tactical situations a group of objects can be used
with any tactical situation desired.

A complete list of the data for definitions of each parameter is
presented below. Each of these data groups is translated to tape for a
hard copy of the data. Thus, only a few numbered tapes, which contain all
the defining data, can he used over and over again to produce a large
variety of tactical situations.

Group parameters:

(1) Track Geometry

(A) Segment definition: inputs numbered in order

1. Initial (X, Y) coordinates in meters

2. Final (X, Y) coordinates in meters

(B) String Definition

1. String Number (ID)

2. List of Consecutive Segment Numbers

(2) Sensors - Data required for each sensor:

(A) Type - detection-only, classifier

(B) (X, Y) Location in meters

(C) Inhibit time in seconds

(D) Detection radius in meters

(F) Probability Table number

(F) ID number - RID

5



(3) Objects - Data required for each object

(A) Type - personnel, track, wheel

(B) Speed in meters per second

(C) String number

(D) Direction along string

(C) Start time of object

A example of one tactical situation used during the thermal printer

test is given in Figures 2 through 6. As can be seen, a large variety of

track options were available for different objects to follow. The segmen-
tation of the field is shown in Figure 2, and the actual track (string)
definitions are shown in Figure 3. The objects (Tape Nos. 42 and 49,

Figures 4 and 7) consist of six columns of varying mixtures of wheel and

track vehicles with different start times for a total of 35 objects in
all. This particular tactical situation took approximately 40 minutes to

run. Figures 5 and 6 define the sensor TDs and ,erdo\ ient which was used

for the test.

OPERATOR TEST DESCRIPTION

Two groups of trained operators (total of eight) were used during the

test. Each individual received as much personal training and denonstra-

tion of the equipment as needed. This involved a description of system
operation, both of the tactical situation simulator and thermal recorder,

as well as detailed data concerning the sensor field such as detection
radius, map of sensor placement along trails, and classification charac-

ters. Each operator was given a simple test tactical situation, if

desired, for practice and additional instruction.

There were several facts and instructions given prior to beginning

the testing. The physical layout and characteristics of the sensors and

the target trails were explained. The information was presented on a
scaled map of the sensor field and the target trails upon which the dis-

tances between sensors and strings were given. The map was posted near

the operator, to his right, for immediate visual reference. Since there

were no reference marks on the Thermal Line Printer (TLP) paper, the oper-
ators were given a simple procedure to calculate time on the TLP output.

They were told that every inch of chart paper represented 2 minutes of time

passage. This was based on the relationship between chart distance and

elapsed time for a chart speed of 30 inches/hour. For example, 1.5 inches
of chart movement represents a time passage of 3 minutes. In addition,

the operators were told that they could also calculate time by using the
10 second inhibit time between sensor activations. For example, a string
of five consecutive sensor activations represented a total time of 50
seconds.

For each sensor, the sensor pen patching information was placed above
its respective pen. Also, the detection radius for the sensors was fixed

on the recorder face. See Figure 8 for the actual arrangement.

6
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String # Segments

1 1, Z, 3, 4, 5

2 3, 4, 5

3 9, 4, 5

4 1, 6, 7, 16

5 7, 16

6 10, 12, 13, 16

7 11, 12, 13, 16

8 13, 16

9 14, 8, 9, 4, 5

10 15, 8, 9, 4, 5

I11 10, 12, 13, 8, 9, 4. 5

12 11, 12, 13, 8, 9, 4, 5

13 14, 16

14 15, 16

15 5, 4, 3, 2, 1

16 16, 13, 12, 10

17 
8, 14

18 
1, 2

FIGURE 3. STRING DEFINITIONS
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Object(s) Type String Velocity Start Time

1 Track 9 10 0:00

2 Track 9 10 0:10
3 Track 9 10 0:20

4 Wheel 9 10 0:30
5 Wheel 9 10 0:40
6 Wheel 9 10 0:50

7-9 Track 6 10 1:55

10 Track 1 10 3:22
11 Track 1 10 3:32

12 Track 1 10 3:42
13 Track 1 10 3:52

14 Wheel 1 10 4:02
15 Wheel 1 10 4:12
16 Wheel 1 10 4:22

17 Track 13 10 12:50
18 Track 13 10 13:00
19 Track 13 10 13:10
20 Track 13 10 13:20
21 Track 13 10 13:30
22 Wheel 13 10 13:40

23 Wheel 13 10 13:50
24 Wheel 13 10 14:00
25 Wheel 13 10 14:10

26 Wheel 13 10 14:20
27 Wheel 13 10 14:30

28-32 Wheel 1 12 13:13

33-35 Track 18 7 17:13

FIGURE 4. TACTICAL SITUATION OBJECT TAPE NO. 42
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RECORDER UTM COORDINATES DISTANCE
RID PEN SENSOR IN METERS IN
NO. NO. NO. EAST NORTH METERS COMMENT

101 101 1 4,389.3 28,832 1,231.1
102 102 * 2 4,500 28,500 350
103 103 3 4,657.6 28, 132.3 * 400 (S [2.3 23. 200)
104 104 4 4,893.9 27,580.9 * 1.000
105 105 5 5,065.6 ZS, Zoo.6 * 640 (S 0-2(8 = 6Z. 10")

206 110 6 7,322. 7 21,913.6 6.165.8 (fron S#4)

207 111 * 7 7,500 21,500 450 (S .- 23.200)
208 112 8 7,708.8 21,012.9 * 530
209 113 Q 7,953.0 20,443.0 *1,:50
211 114 10 8,000.7 21,727.6 t 550 (S C7-201 24.440,

311 117 11 9,000 16,500 4,157. , (S#9)
312 118 12 '4,000 16,100 400
313 119 13 9,000 15,750 350

414 122 14 13,000 28,400 1,600
415 123 *15 13,000 28,000 400
416 124 16 13,000 27, 500 500
417 125 17 13,000 26, 900 * 1,100
418 126 18 13,600 Z8,000 600

519 145 19 13.000 24,600 2, 300 (S#17)
112 146 * 20 13,000 Z4, 000 600
521 147 21 13,000 23,400 600
522 148 22 13,000 22,860 * 1,140
523 149 23 13,409.7 24,186.2 * 450 (S [7-20 24. 440)
524 150 24 12,499.3 23,772.4 * 550
525 151 25 11,971.3 23,532.4 * 1,130
526 152 26 12, 558. 1 24,233.9 * 500

527 153 27 13, 530.3 23.719.3 * 600

628 155 28 13,000 18,000 4,860 (S#22)
629 156 29 13,000 17.500 500
113 157 30 13,000 17.050 450

FIGURE 5. SENSOR DEPLOYMENT CHART

10
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Object(s) Type String Velocity Start Time

1-4 Track 3 10 0:00

5 Track 5 10 0:00

6 Track 5 10 0:10

7 Track 5 10 0:20

8 Wheel 5 10 0:30

9 Wheel 5 10 0:40

10 Track 1 10 2:00

11 Track 1 10 2:10

12 Track 1 10 2:20

13 Track 1 10 2:30

14 Track 1 10 2:40

15 Track 1 10 2:50

16 Track 1 10 3:00

17 Wheel 1 10 3:10

18-26 Personnel 2 1 4:00

27 Track 6 10 4:00

28 Wheel 6 10 4:10

29 Wheel 6 10 4:20

30 Track 6 10 4:30

31 Wheel 6 10 4:40

32 Wheel 6 10 4:50

33 Track 7 10 9:00

34 Wheel 7 10 9:10

35 Wheel 7 10 9:20

36 Wheel 7 10 9:30

37 Wheel 7 10 9:40

38 Wheel 7 10 9:50

FIGURE 7. TACTICAL SITUATION OBJECT TAPE NO. 49
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In addition, the operators were:

a. informed that the sensors would classify correctly 80% of the

time; that is, 80% of the character symbols displayed on the recorder
represented a correct target classification;

b. given a copy and an explanation of the character/symbol set that
was to be used for classification sensors;

c. told that they could make use of the classifications to calculate
dominant object type and to individually count and classify mixed objects
in a target if they desired. They could use any method of analysis
available in determining velocity, number of objects in a column, their
individual classifications, and direction. Thus, it was left to each
operator's discretion to use or ignore the classification data reported on

the TLP;

d. told to make all calculations on scratch paper and provide only

their results on the actual TLP output.

The layout for each test was as shown in Figure 9. A silent observer
was present to note operator comments and performance during the test, as
well as to monitor the CRT map as a guide for the tactical situations'
progress. The operator received no help from the observer during the
progress of each test, except for clarification of sensor data (detection,
radius, layout, etc.). There was an audio indication available to each
operator, if desired, for each sensor activation. This was provided by
the line printer carriage movement as it printed the activation data.
Figures 10 and 11 are additional photographs of the operator test area,
except for the position of the CRT.

When each test was complete (in the actual output of activations),
the operator was notified of the fact by the observer and given time to
complete his analysis of the activation data.

The data obtained from each operator consisted of the actual thermal

recorder output with the operator's results printed next to each alarm
pattern. Also, through personal discussion with the operators, various
operational and display techniques which might aid the operator were
brought out.

There were several characters/symbols used for display of this test.
Each was used with one or more operators. They may be seen in Figure 12
and are cross referenced to the operator test data.

This test was not meant to be a full blown human factors evaluation
of the equipment, it should rather he considered a probe.

Operator Calculations

The operators were directed to make calculations of target velocity,
target direction, number of objects with a given target, and their classi-
fication using any means at their disposal to reach such conclusions. The

14
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operators selected the method prescribed by the Sensor Intelligence School
in arriving at their results. Calculations made by the operators were
based on the following equation.

LC = 2 X TTI - CDR

where: LC = Length of column

D = Distance between two sensors

TM = Meantime between the two sensor patterns

TTI = Total time of the first sensor pattern

CDR = Combined detection radius of the two sensors.

Distances between vehicles was assumed (and actually was) to be 100
meters. Operators would calculate the number of objects in a column by
the equation:

Number of objects = Length of Column
Assumed distance between objects

The operators obtained direction of the objects from observing which
sensors activated in a string and from using the sensor deployment map
(Figure 6).

Test Tactical Situations

The tactical situations used for operator testing were composed
mainly of columns of track and wheel objects. The actual columns and
their object mixes are shown in Figures 4 and 7. Here, the object number,
type, string, velocity, and start time are defined for each object. Also,
groups (columns) of objects are obtained by placing individual objects on
the same string separated by a fixed distance. The target tracks and
sensor field are the same as in Figures 2 and 6.

Several features of the objects used for the tactical situations
should be noted. First, most objects used in the test were travelling at
600 meters/minute and separated by 100 meters in columns. The speed
variations from these figures are noted in the results. Secondly, both
mixed and unmixed columns were used; that is, columns with either more
than one type object or columns with only one type. Third, mixtures were
made of varying proportions of track or wheel targets in individual
columns.

In general, the tactical situations involved a large number (35 - 40)
of objects converging and spearheading towards the forward edge of the
battle area. As can be seen in Figure 2, which shows the trail layout, the
objects had many paths on which to travel and be detected by the various
strings of sensors.

18



Test Data Definitions

The data from each individual operator trial was tabulated and
further reduced to several measures. The following is a list and defini-
tions of each test data item displayed in Tables I and 2:

1. Percentage correct object count: The overall accuracy of the cal-
culated total number of objects in a tactical situation is described by a
parameter. It is defined as:

1 Icount error I1.0

number of all objects

The numerator of the second term is the sum of the absolute differences
between the actual number of objects in a tactical situation and the calcu-
lated count. The denominator is the sum of all actual target objects.

2. Percentage ROS accuracy: The calculated rate of speed (ROS) in
meters per minute was measured for accuracy by the following, for each
operator:

calculated ROS

actual ROS

Note that the actual ROS is constant for each data grouping vnd henct, the
accuracy is simply the average of the calculated rate of speed divided by
the constant actual ROS.

3. Percentage direction accuracy: The directs of the colxnns as
noted by the operators were compared to the actual directions and measured
for each trial by the following paramenters:

number correct directions
total of direction attempts

The numerator is the total nunber of correct directions chosen by the
operator while the denominator is the total number of attempts by the
operator to determine object(s) direction. Note that not all changes in
the target's direction were observed and hence were not included in this
percentage.

4. Percentage correct mixed target determination: This quantity
measures the performance of an operator to correctly separate a mixed
column of objects into the correct object mix:

number of correct mixed target determinations
total mixed target determination opportunities

19
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The numerator is the total number of times a single operator correctly
separated a mixed column into its individual object types while the denom-
inator indicates the total number of opportunities an operator had to
determine mixed targets which he processed when they were presented.

5. Percentage alarm clusters processed: For all cases during the
tactical situations, a number of adjacent alarm clusters were generated by
the objects while passing the sensor strings. Many times a direction
change occured at one portion or another in the object track. The vari-
able which is measured here attempts to give an indication of the usage of
available data which was presented to each operator. It is defined as:

X+1

Y - 1

where X = number of overall operator calculations made on the target alarm
clusters produced by a sensor string.

Y = total number of alarm clusters produced by a target in a sensor
string.

6. Percentage correct object type count: A measure of the count
accuracies was made on both single and mixed object columns. It was
calculated for each object type classification attempt made by an
operator:

1.0 percent count error
total count attempt

The numerator is the percent count error for each count attempt made on a
single object type. The denominator is the total number of count attempts
made on the same object type. For example, suppose an operator calculated
there were three track and oae wheel targets when, in reality, there were
four track and four wheel targets. His percentage correct object type
count for track and wheel would be 75% and 25%.

Note that this parameter is calculated separately for mixed and single
object columns in the data. A separate data column for both single and
mixed target types is given.

7. Actual Target ROS: The actual rate of speed (ROS) of the targets
is given in meters per minute. Note that all targets (columns) are
composed of multiple objects.

8. Sensor detection radius: The sensor detection radius for a track
vehicle is given in meters.

9. Character/Symbol displayed: The type of classification displayed

characters/symbols during the testing is shown in Figure 12. Each format
which was used for an individual operator trial is given by the correspond-
ing set number in the data.
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10. Object used: There were two sets of objects used during the
testing. They are shown in Figures 4 and 7. The individual targets are
partitioned in the data by their ROS. Note that the majority of all
targets is moving at 600 meters/minute.

OPERATOR RESULTS

The operator results are presented in Tables 1 and 2. They consist
of results from two operator groups: one and two. Group one operators
had a 500-meter sensor detection radius whereas group two had a 20 0-meter
radius. There are also differences among both groups in the target ROS.
This data, although small, is separated from the majority (600/minute).

Several features can be noted from the presented data: (1) all the
operators of group one had difficulty in calculating time on the thermal
printout and hence there are errors In their ROS calculations. They used
twice the actual value of time, althouiih they received detailed instruc-
tions on the procedure to calculate tine; (2) the large detection radius
used by group one results in 0% correct mixed target determination in all
cases, whereas the lower detection radius of group two produces over 50%
correct mixed target determination in all cases; (3) all the operators
were consistent in their calculations of correct object count, direction
accuracy, and ROS (if (1) above is taken into account); (4) the operators
consistently did not use all the recorder data available to them as shown
in the percentage of alarm-clusters-processed column.

Operator's Comments

This section discusses useful comments made by the operators and the
observations of the operators by testing personnel. They relate mainly to
the printing of the classification symbols from the recorder:

I. As long as the character types or symbols were (a) completely
distinguishable from each other, and (b) had no overlap, there was no

classification confusion.

2. Characters or symbols should be distinguishable not only as in 1,
above, but also when embedded in groups of other characters or symbols.

3. With an 80% correct classification response, the operators had no
problem in choosing the correct majority classification. This resulted in
a saving of analysis time on the part of the operators, since they did not
need to estimate the type object, and it eliminated the corresponding
problem of choosing the type object in a column of mixed objects by
velocity discrimination.

4. Shortened or squatted 5 x 4 character formats were legible.

5. Common characters or symbols which cause automatic associations
with object types are the best. Otherwise, the operators had to learn and
constantly refer to the symbol Irawings for their meaning. Once they were
thoroughly learned, however, there seemed to be no difference among the
characters or symbols.
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Operator Problem Areas

Several problem areas were exposed during the testing of the opera-
tors. They are mentioned in summary form to indicate possible areas in
which improvements can be made in operator performance:

I. Different sensor detection radii, other than the assumed values
which the operators use, cause large errors in their calculations.

2. Large inconsistencies in the results of several operators were
found. For example, when one operator, M, calculated the object count for
the same target, he obtained values of 2, 8 and I objects. Note that
this is from alarm clusters which are identical in length, with identical
sensor characteristics.

3. Targets were not tracked. Thero was no observed written grouping
together of identical targets on the printout. Thus, there was no accumu-
lation of knowledge about the individual targets and hence updates of
their characteristics, as would have been helpful in 2 above, during their
passage through the monitored area.

4. Many changes in target direction were not observed by the opera-
tors. For example, if there were several alarm clusters and the last two

indicated a turn in the target direction, most operators ignored this
fact. They only processed, as a rule, the first two alarm clusters.

5. Operators' performance was, in general, inflexible; they could
not compensate for changing conditions which could be encountered in real
tactical situations.

Recorder Observations and Recommendations

The thermal recorder print heads consisted of 80 individual fixed

heads made up of five in-line dots each. The use of individual heads
created problems in maintaining equal contact pressure between the heads
and the chart paper. This caused non-uniformity in the shading of the
characters so that some characters would be light and difficnlt to read
while others would be dark and easy to read. Though this created no
problems during the test because pens which printed dark characters were
selected, it may be an inherent problem associated with fixed head prin-

ters and should be considered before selecting a recorder for the SMS.

The recorder required the use of a non-standard size chart paper.
The paper Texas Instruments used during the development of the recorder
was not inscribed with columns or rows; however, this paper was used
because a small number of rolls were required and the cost to manufacture
paper of the correct size and markings was too high. Separating the

groups of pens representing the individual sensor strings and marking the

pen positions in the recorder near the print heads enabled the operators
to match the activation to the corresponding sensor.

One problem was calculating time because there were no row markings
to act as a reference. The operators were given a formula which required
measuring distances and multiplying by a conversion factor. This method

25



worked well with one group of operators; however, the other group consis-

tently calculated speeds of approximately one half the actual target
speed.

It is recommended that the SMS chart paper have some form of timing
reference such as a row indicator, a timing tick mark, or the actual time
printed by the processor.
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APPENDIX A

SYSTEM OVERVIEW

Software System Description - The software system is structured using a
real time operating system (RTOS). Some of the more important features
which this allows are:

a. Multiple programs operating concurrently with interleaving.

b. Program priorities determine execution sequence and distribution
of processing time.

c. Accurate time of day (clock) available.

d. Programs can communicate and pass data among themselves.

e. Programs can be segmented and overlayed from disc.

A simplified diagram of the system is given in Figure 13. The center
of the system is the executive. All system interrupts, device interrupts,
and system service requests are handled here. The executive always goes
to the scheduler once it is clone. The scheduler determines which user
program: Task 1, Task 2, etc., is to be activated. This depends on both
the current state of the tasks as well as their priority. Once the sche-
duler starts a program it continues in operation until the next interrupt
to the executive occurs.

The drivers indicated at the bottom of the figure are software
routines which interface the device controllers to the executive. The
system uses them for all I/O operations performed through their respective
devices.

System Hardware Description - The Sensor Monitor Set (SMS) simulation used
an Interdata Model 70 minicomputer as the processor with standard peri-
pheral equipment and a Texas Instrument Thermal Recorder. The
Hardware-System Configuration (Figure 14) depicts all the hardware used in
the SMS Test. Note, the thermal recorder is not a standard peripheral
item and required the development of special interface circuitry.

The processor controls all activities and performs all arithmetic and
logical functions. It executes instructions in an ordered sequence to com-
plete a specified task or program. The processor has 16 hardware

registers for data manipulation, hardware divide/multiply and floating
point instructions. The main memory is core memory with a capacity of 64
k bytes of which 48 k bytes are presently installed. The selector channel
is a standard direct memory access device that allows connection of high
speed peripheral devices directly to main memory. The maximum data
transfer rate is 2 mega bytes per second. All medium to low speed devices
are connected to the Multiplexer Input/Output bus. This is a
request/response bus consisting of 30 lines: 16 bi-directional data
lines, 8 control lines, 5 test lines, and a system initialize line.
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Interrupt detection and hardware vectoring can be accomplished for all of

a possible 255 devices which can be interfaced to the multiplexer bus.
The peripherals used are standard devices offered through Interdata with
the exception of the thermal recorder (TI Graphic 200) which was obtained

through Texas Instruments. The recorder was integrated into the system

using a Universal Logic Interface Board and Associated Hardware to obtain

the specified input and output characteristics required by the multiplexer

bus.
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APPENDIX B

DETAILED SOFTWARE DESCRIPTION

Operating System

The real time operating system used is OS/16 - MT (multi-tasking
operational system). It is divided into system programs and user program
units called tasks. System programs include the executive, scheduler,
initialization route, I/O drivers, and interrupt handlers.

Tasks

A task can be a single program or a group of programs, whose execu-
tion is controlled by the operating system. Each task exists in one of
eight states; they are:

(1) Dormant - The task has not been started or has gone
to completion.

(2) Active - The task which is currently executing
instructions. Only one task can be in
this state at any given time.

(3) Ready - The task which will start or resume
execution when it becomes the highest
priority ready task.

(4) Task Wait - A task has called another task into
execution and is waiting for the called

task to go to completion.

(5) Console Wait - The task is waiting for an operator
reply.

(6) I/0 - The task is waiting for a specific time
interval to elapse.

(8) Overlay Wait - The task is waiting for an overlay to be
loaded.

Each task is assigned a priority level based upon which task has

operating privileges over the other tasks. The priority numbers are
selected with the highest priority task, always being the command
processor task, having the lowest number, and the lowest priority user
task having the highest number (task to be run last). The following are
the Sensor Monitor Set Systems tasks in order of their priority of
execution:
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Priority Name of Talk

0 Command Processor (within OS-16-MT)

Thermal Recorder Task (Task 1)

2 Tactical Situation Simulator Task (Task 6)

3 Input Processing Task (Task 3)

4 Operator Processing Task (Task 4)

5 Command Directory Task (Task 5)

6 Line Printer Task (Task 2)

Executive

The OS/16-MT executive is a collection of routines that are entered
as a result of internal interrupts. These interrupts include supervisor
calls, illegal instructions, arithmetic faults, I/O termination, I/O quele
overflow, and console interrupts. The executive always exits through the
task scheduler. Normally, the status of a least one task is changed by
the executive in servicing the interrupt. This means that the task that
was active at the time of the interrupt may no longer be the highest
priority ready task when the executive exits. When it exits, the
scheduler decides which task is to be activated.

Real Time Clock (Universal Clock Module)

The OS/16-MT system maintains two clocks, a time of day clock and an
interval timer. The time of day counter is a full word count kept in
seconds since midnight. It is driven by a presettable 120 Hz interrupt
from the Universal Clock Module. This counter is initialized to zero on
system start up and may be set through the operator command to set time.
From this counter, a task may request the current time of day or that it
be placed in a time wait until a specified time of day is reached. A task

may also request that it be placed in a time wait for a specified time
interval.

TASK I

The recorder input buffer is eight 5-bit characters long and must he
filled with either activation data or zeros when there are no activations.

When the recorder is ready to receive new data, it sends a recorder Not
Busy signal to the computer. This signal interrupts the processor. The
interrupt routile conditions the state of the operating system so that the
scheduler starts Task 1.

Task 1 controls the interface between the computer and the recorder.
It designates the input buffers to be filled with new activations data,
the buffer from which data is to be put out and it controls the actual
output of the data.
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Thermal Recorder. The thermal recorder is capable of printing an 80

character line. The print head is a row of eight 5-bit stationary thermal

heads with a space between each group of 5 bits. A 5 by 7 dot matrix

character is printed by building the characters one row at a time. The
applicable dots of the bottom are printed by driving the corresponding

bits of the print head. The chart is moved slightly, and the applicable

bits of the same 5 bits are driven to print the second row and so on until

all seven rows have been printed.

The row ,f print heads is divided into four sets of twenty 5-bit

subsets each. This permits using a smaller power supply for the printing

drivers. Each set is driven at different times. One set is driven, and

the chart is moved a small step in order to move the burned portion from

under the head, then another set is driven and another step taken. This

procedure continues until all four sets have been driven and four steps

have been taken. At this time one row has been printed.

The recorder logic contains a character generator which requires as

an input the 8-bit ASCII code for the desired character; however, this was

inadequate for /he recorder's intended use. Other characters or symbols in

addition to tvy)se available in the character generator were required. It

was also reSqdilred that on-the-spot character and symbol configurations be

changed so'that any configuration capable of being generated by a S by 7

dot matrix would be available.

M'odifications were made in the recorder and an option board built
which, in essence, removed the character generator from the recorder.

This function was designed into the software in the Model 70. The com-
puter outputs to the recorder one row of a character at a time. Changes
in software requiring only a few minutes can enable the generation of

symbols in any 5 by N dot matrix.

Chart speed is controlled by the recorder; however, switches enable
various speeds to be set into the recorder. Additional speeds can be

acquired by using an external oscillator. The switches and the external

oscillator enables speeds being considered for the SMIS to be obtained.

TASK 2 - The Line Printer Task

The function of the line printer task is to output the sensor activa-
tions to the Line printer correctly formatted with a heading printed

approximately every thirty sensor activations (Figure 15). The following

data is recorded for each activation:

RIO - Receiver and Sensor Identification Number

TYPE - Sensor Type: Examples

SFE - Seismic Feature Extractor

VFI' - Variance Freqtuency Processor
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II

.RID TYPE ERST NORTH TIME TBR
10i SFE 084389 028832 000217 TRK
101 SFE 004389 028832 000227 TRK
101 SFE 004389 028832 000237 TRK
102 SFE 004500 028508 000240 UKL

101 SFE 004369 028832 000247 TRK
102 SFE 004500 028500 000250 TRK.
101 SFE 004339 02'.832 000302 TRK

102 SFE 004500 02a.500 0 00302 WHL

103 SFE 00465? 028132 00C306 TRK

101 SFE 0043C9 02832 000312 IJHL
102 SFE 004500 028500 000312 TRK
103 SFE 004659 028132 000316 IRK
103 SFE 004389 02832 000322 TRK
102 SFE 0-4500 02_5U0 000322 IRK
103 SFE 00,4657 022132 000326 iRK
105 SFE 00l'5066 028201 O100326 WHL
102 SFE 004500 026500 00332 TIRK
113 SFE 013000 017"050 000332 I"HL
103 'SFE 45 ? 023132 00 336 IRK
105 SFE u0 066 0: :-01 000 -2 6 IRK
102 SFE £100-4bo0 V-1'0 0C0342 IRK
113 SFE i1000 1 O1,-50 000342 IRK
10 3 SFE O,46? 0281 32 COLi346 IRK
104 SFE 004294 125r1 00 346 IRK
I C5 SF E iL150F6 C12::20i 000346 TRK
113 SPE C,13 000 017050 000352 IRK
103 SFE (04,6b7 (128132 000356 IRK
1 4 SFE --49'.4 027581 0L-0356 ',HL
105 SFE 005,066 02201 0 (,-3'-, 6 1 F-K
E.2,9 Sf E (,I41 0 r17S£ c10 0 I 4H2 p
113 'j, E 'I_ ' -1 0 1 .F 0:, 0 0 402 T F:K
RID V''1E iHST NOtTH II iE I L:R
113 -!-FE u0'4t,7 h 13 : 2 FiclOi06 TRK
1'04 St E '4 --,'e>21 i 4 Ci'l4t6 "IF<K
£,'9 1E siY ,_01 O -r0O(1 0"412 IRK
113 'FE ;11 _o 0 01l 1' 1 it2K,

FIGURE 15. LINE PRINTER ACTIVATION OUTPUTS
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FAST - East UTTl Coordinates

NORTH7 - North UTM Coordinates

TIME - System Time the Activation was processed

TBF - Sensor Data Processed

Class I Detection Only - (Blank) - No Data

Class II Classification - TRK - Track

WHL - Wheel
>iAN - Personnel

UNK - Unknown

The line printer works in conjunction with the line printer driver, which

outputs each individual character to the line printer.

TASK 3 - Input Processing Task

The function of the Input Processing Task is to process the activa-
tions and associated data from the tactical situation simulator task (Task
6). When activation data is passed to Task 3, the following programmed
sequence occurs:

1. Validation and checking of sensor identification codes and sensor
data for a particular class of sensor

Type I - Detect Only Sensors - No Data

Type II - Classification Sensors - Classification Data.

If the data obtained from a classification sensor is not within proper
parameters, the activation is tagged with a corresponding symbol for bad

data.

2. Decoding and proper formatting of the activation and associated
data for transfer to the peripheral equipment used by the computer.

3. Setting up of the data into specific buffer location to be used
by Task I to output this data to the Texas Instruments Thermal Recorder.

This data can be displayed in any format by the character generator
routine.

4. Outputting of the activation to the following devices:

a. Disc, on which a history record is kept for all activations.

b. Cathode Ray Tube, for display in simulated map format.

Upon completion of these functions, the task terminates itself and

becomes dormant until another activation is passed to it.
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Input Data Processing Routine for Texas Instruments Thermal Recorder

The data processing routine for the Texas Instruments thermal recorder
tests and validates sensor input data received through the Input Processing
Task (Task 3). This routine formats and stores data to be outputted to the
recorder by the Thermal Recorder Task (Task 1). The sensor activations are
generated by the Tactical Situation Simulator Task (Task 6) which simulated
sensor activations, sensor data and sensor time of activations. These sim-
ulated activations and associated data are then stored into the Data Pro-
cessing queue Facility (Input Queue) which is a circular list processing
storage area (first-in-first-out) located within Task 3. When sensor acti-
vations and data enter the queue, the input processing task and data
processing routine for the thermal recorder begin execution of their pro-
grams. When the data processing routine for the thermal recorder is execu-
ted (Figure 16), the following programmed functions occur:

1. Determine the corresponding sensor type from the activation's
sensor identification and channel number (RID#). Two types of sensors
generated activations:

a. Type I - Detection-Only Sensors

Channel No. + Sensor ID No. + Time of Activation

b. Type ii - Classification Sensors

Channel No. + Sensor ID No. + Time of Activation +
Classification Data

2. Decode and store the data into an output storage area which will
be accessed by the thermal recorder task. This data can be translated into
the form of single data bytes (detection-only activations) or full charac-
ters or symbols (classification activations).

The routine begins by determining the type of sensor activation which
is being processed. When the data enters, it consists of a channel and sen-
sor identification number (RID). The RID is checked against a list of known
active sensors with RID numbers stored in a common data base located in the
core memory. Each RID number in the data base has a corresponding sensor
type, either detection-only (Type I) or classification (Type II). VI;,n the
sensor type has been determined, the appropriate data handling reutine is
executed under program control.

Detection-Only Activation - Type I Sensor Routine

Data from a detection-only type sensor is passed to the Type I Sens:or
Routine. This routine loads the last time of activation fo: that
particular sensor identification nunber (RID#). The last ti e of
activation of each of the active sensors is stored in the common data 'ase
of the input processing routine. The routine loads the current time of
activation from the input queue where the current activation is stored
temporarily until servicing of the activation is completed. A time
comparison routine is used to determine if the difference between the last
activation time and the present activation time for the specific RID
number is less than, or greater than, a fixed differential in timc lhi,-h
can be specified. "lhe time differential used in the SMS softwairL ,
minute between successive activations. TIis was done so that activatiun>,
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INITIALIZE AND

DETECTION - ONLY STORE REGISTERS CLASSIFICATION

ROUTINEROUTINE

LOAD AND STORE LICI ODCASFCTO
LAST TIME OF DETERMINE SENSOR TYPE DATA AND DETERMINE

ACTIVATION FOR FROM COMMON DATA BASE 1. WHEELED
THIS SENSOR 2.TRACKED

ANY OTHER 3. PERSONNEL

I 4. UNKNOWN

LOAD AND STORE
CURRENT TIME OF IF ANY OTHER CLASS, GO
ACTIVATION FOR TO EXIT ROUTINE

THIS SENSOR (SEE BELOW)
TRANSFER OF A

CHARACTER/SYMBOL
LESS FROM CORE RESIDENT

COMPARE TIME 1 MIN LOAD ACTIVATION TABLE TO THE THERM.

DIFFERENCE COUNT, INCREMENT & RECORDER BUFFER
STORE INTO LOG 1. INITIALIZE POINTERS

GREATER THAN 2. POSITION BUFFER PTR
OR ECUAL TO 1 MIN

CLEAR ACTIVITY LOA APPROPRIATE
COUNT & SELECT! COUNT CHARACTER

A CHARACTER FROM TABLE LOAD AND STORE A

~CHARACTER /SYMBOL
BYTE PORTION INTO

THE BUFFER AREA

STORE ACTIVATIONUPAEOITRCHARACTER/SYMBOL 
N

INTO THERMAL
RECORDER BUFFER I H

YES HRCE/YB

UPDATE CURRENT TIME

OF ACTIVATION TO LAST

TIME OF ACTIVATION FOR

THIS SENSOR

EXIT ROUTINE

RESTORE ALL REGISTERS &|
RETURN CONTROL TO TA]SK 3

FIG. 16 THERMAL RECORDER DATA PROCESSING FLOW DIAGRAM
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arriving within this time limit, successively, would be given different
symbol representations to be displayed to the recorder, thereby isolating
single activations and multiple activations at the recorder output so that
possible false activations could be recognized at a glance (see Figure
17). The technique for displaying the data follows:

a. If the differential in activation times is less than one minute,
the activation log counter for the sensor identification number is loaded,
updated and restored in the activation log. A symbol is taken from the
character/symbol table corresponding to the updated activation count and
stored in the appropriate recorder pen number location in the recorder
output buffer.

b. If the differential is greater or equal to one minute, the
activation log count for this RID number is initialized to Zero, stored
into the activation log, and a symbol is taken from the character/symbol
table corresponding to an initial activation. This symbol is a single
dot, which is stored into the recorder pen number location, in the
recorder output buffer for this RID number.

When this has been completed, the current time of activation is
stored where the last time of activation was in the common data base,
thereby making the current time the last time of activation for this
sensor identification number. Following this, all the registers of the
operating system are restored and the processing of the input data is
continued on the input processing task, where software control is
returned.

Classification Sensor - Type If Sensor Routine

When a classification sensor activation is determined, the data
portion of the activation is loaded from the input queue where the current
activation is temporarily stored. The data is decoded and checked for its
classification. In the simulation tests, three different types of valid
classification data were generated and processed through the operating
system. The valid classifications were:

a. Tracked Vehicle

b. Wheeled Vehicle

c. Personnel

If data received for an activation does not coincide with any of the
valid data codes, the activation is tagged with a symbol signifying that
the data is unknown (i.e., insufficient data to correctly classify the
target). After the activation and decoded data have been verified for
type of classification, the program goes to a reference table in the core
memory and determines which character/symbol is to be stored into the
recorder buffer to be displayed. For example, if the data for an
activation was found to be that of a tracked vehicle, the routine would go
to the reference table and select a "T" for tracked vehicle. Then the
character/symbol would be transferred into the recorder output hu f

38

. . . . . i . .. . . i i i I . . . . . . '. . . . . . . . . . 1 1 I l - l i Ll n ,



PEN NO. PEN NO. PEN NO.
1 2 3

360 SEC

340 SEC

320 SEC

300 SEC

280 SEC

260 SEC
0 0

240 SEC 00000 0 0
00000 0

220 SEC 0 0
a0

200 SEC 0

180SEC 00000
00000

16O SEC 0 0
0

140 SEC 0

12 SEC 00000
100 SEC•

lOOSEO 000
0 0 *0 0

80SEC 0 0 0
* 0

6 SEC 00000 0
40 SEC 0 0 0

00O00
20 SEC 0 0 * 0

0 SEC 0

NOTE: Symbol initialization after
60 sec. of no activity

FIG, 17 SYMBOL GENERATION FOR DETECTION-ONLY SENSORS
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specified by the recorder pen number for this particular sensor identifi-

cation code. Similarly, if the activation data was that of a wheeled
vehicle, a "W" would be selected from the table. Having the character
generation under software control expands the possibility of outputting
any 5 by 7 character or symbol rather than the standard ASCII Code, or,
for that matter, any 5 x N character or symbol. (See Figure 18.) This
technique is used to shrink the characters to a 5 x 4 dot matrix thereby
enabling slower recorder chart speeds.

When the character/symbol has been completely transferred to the
recorder output buffer, the current time of activation is stored into the
common data base for this sensor identification number; all registers are
restored to initial entry values, and program control is transferred back
to the main input processing routine.

Recorder Output Buffer Data Structure

The data base structure for the Texas Instruments thermal recorder is
a core resident storage area made up of seven 80 8-bit data strings.

(See Figure 19.) The first three most significant bits of each data byte
(8 bits) are not required by the recorder and are only used to simplify
the software data base and programming of the data transfer.

The seven data strings, or data blocks, represent the seven charac-
ter/symbol lines as discussed in the character/symbol generation of
classification sensors (Figure 18). The seven data blocks are configured
in a circular list, data is transferred sequentially into all seven data
blocks, continuing into the first block after the last has been filled.
The starting data block is determined by the relationship between the
recorder output state and the time an activation is being processed.

The data block structure uses seven data blocks to generate 5 by 7
dot matrix characters/symbol%. By extending or shortening the circular
data structure, any 5 by N character/symbol can he generated. This
technique was used in changing the size of the characters for slower chart
speeds used by the thermal recorder.

TASK 4 - Operator Command Procesing Task

The purpose of the operator command processing task is to enabl- the
operator to execute disc overlay programs. The task consists of a four
kilobyte overlay area (storage area) and some controlling software. There
are many programs at the operator's disposal (Edit, Admin, etc.), and
storing all of them into the core is impossible owing to restraints on the
core size. Also, additions and modifications to software available to the
operator would require a regeneration of the entire system. Therefore,
all of the interactive programs were stored on a disk file non-resident to
the system. When a program is requested by the operator, the non-resident
disc file is searched (Task 5), the program is loaded into the overlay
area (Task 4), and program control Is passed to the non-resident routine
which is in the overlay area by starting Task 4. Upon completion of the
non-resident routine 4 termInates itself and becomes dormant.
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ALL DATA BLOCKS ARE OF
EQUAL MEMORY LENGTH

DATA BIT POSITIONS

1 2 34 56 78 9 10 11 12 13 14 15
DATA BLOCK 1
80 8-BIT BYTES DATA FOR PEN 0 DATA FOR PEN 1

(640 BITS) DATA FOR PEN 2 DATA FOR PEN 3

DATA FOR PEN 4 DATA FOR PEN 5

DATA FOR PEN 6 DATA FOR PEN 7
DATA BLOCK 2

DATA BLOCK 3

DATA BLOCK 4 0

DAIA BLOCK 5*

DATA FOR PEN 74 DATA FOR PEN 75

DATA BLOCK 6 DATA FOR PEN 76 DATA FOR PLw 77

DATA FOR PEN 78 DATA FOR PEN 79

TYPICAL DATA BLOCK STRUCTURE

DATA BLOCK 7

OVERALL DATA BASE STRUCTURE

FIG. 19 RECORDER OUTPUT BUFFER DATA STRUCTURE
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The execution and operation of the non-resident programs or, for that
matter, any other task, in no way interferes with the processing of incom-
ing data from the tactical situation simulator or outputting to the re-
corder. This aspect is covered under the discussion of operation of the
real time operating system.

EDIT Routine (EDIT)

The EDIT Routine is a disc overlay program that enables the operator
to create and modify the sensor administration file. Through the tele-
type, the operator can activate, deactivate, or modify existing sensor
records in the file and also activate or deactivate entire receiver
channels. Data entered for each sensor in the Administrative File is as
follows:

a. Activate (A) or Deactivate (0) status ST

b. Sensor Channel and Identification Number RID

c. Recorder Number and Pen Position RPP

d. Type of Sensor TYP

e. East and North UTM coordinates EAST-NORTH

f. Array Number AR

g. Date Sensor was Deployed DDPD

When the EDIT Routine is run to completion, a new active sensor file
is created in core (located in the common data base) and the entire sensor
file is transferred to a disc. This file contains all active and deacti-
vated sensors. (A deactivated sensor is one which is invisible to the
system for processing.) The channel indicator will be set to indicate the
status of the receiver channels, which will be set by the input processing
task (Task 3). The EDIT Routine also calculates the coordinate scale from
the UTM coordinates of all the active sensors and scales of the CRT dis-
play appropriately for the mapping of the sensor field.

The Administrative Routine (ADMIN)

The ADMINistrative Routine is a disc overlay program that allows the
operator to list on a peripheral device either the entire or any portion
of the sensor administrative file on disc. This allows the operator to

display the data for any sensor or groups of sensors to any of the peri-
pheral devices (CRT, line printer or teletype). The operator has the

following display modes of operations for listing sensors:

1. All sensors in the Administrative File

2. All active sensors in the Administrative File

3. Any particular sensor or group of sensors
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4. All sensors within specified UTM coordinates

5. All active sensors within specified UTM coordinates

When the CRT is selected as the output device, (Figure 20), the
sensors are listed on two sides of the screen, split screen fashion. This
permits a maximum of 43 sensors to be displayed at any time. If there are
mcre than 43, the routine will queue the operator if the rest are to be
displayed. When the line printer is selected as the output device (Figure
21), a heading is printed and the list outputted. When sensor activations
enter the system during this mode, they are processed to completion
immediately, and the activations are listed to the line printer upon
completion of outputting the Administrative List.

ACTIVation Routine

The sensor ACTIVation simulation routine is a disc overlay program
which generates sensor activations and enters them into the system. This
input is the same as if an actual activation occurred at the receiver
inputs. Thus, the simulation of any sensor report can be easily accom-
plished for software testing, demonstrations, et cetera.

The program can produce either classification or detection-only re-
ports. To enter the data one needs only the RID (Receiver - ID) number
and the desired classification (if a classifier).

For multiple activations, one has to enter the data separated by
commas. This will time-tag all entered data at the identical time of
entry. An example of program operation is as follows:

Command Explanation

ACTIV Call Program

** Program Ready

121 Output Activation on Sensor 121

** Program Ready

131-2 Output Activation and Classification 2

121, 131-2, 121, 141 Output many Activations

** Program Ready

END END Program

END ACTIV Normal Program End.
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* ADMINISTRATIVE FILE *
RID TYP EAST NORTH RPP AR ST DDPD
101 SFE 04000 50000 111 00 A 1019
102 SFE 04000 49500 112 00 A 1019
103 SFE 04000 49000 113 00 A 1019
104 SFE 04000 44000 116 00 A 1019
105 SFE 04000 43500 117 00 A 1019
106 SFE 04000 43000 118 00 A 1019
107 SFE 04565 42935 119 00 A 1019
108 SFE 04920 42581 120 00 A 1019
109 SFE 04000 38000 123 00 A 1019
111 SFE 04000 36700 125 00 A 1019
112 SFE 04000 32000 130 00 A 1019
113 SFE 04000 31500 131 00 A 1019
114 SFE 04000 31000 132 00 A 1019
115 SFE 04000 30500 133 00 A 1019
164 SFE 04000 37.5-._0 124 00 A 1019
225 SFE 21000 48000 150 00 A 1019
226 SFE 21000 47350 151 00 A 1019
227 SFE 21000 46700 152 00 A 1019-
228 SFE 21000 37500 154 00 A 1019
229 SFE 21000 37000 155 00 A 1019
231 SFE 20500 37000 157 00 A 1019
2:32 SFE 20000 37000 158 00 A 1019
RID TYP EAST NORTH RPP AR ST DDF'D
233 SFE 21000 32500 160 00 A 1019
234 SFE 21000 32000 161 00 A 101-2
z, cFE 21000 31500 162 00 A 1019
2:36 SFE 21000 31000 163 00 A 1019
264 SFE 21000 36500 156 00 A 1019
537 SFE 12250 750 166 00 A 1019
5,3,. SFE 1( 750 167 00 A 1019
539 SFE 17 50 ':750 168 00 A 1019
541 SFE 1:000 :00 170 00 A 1019
542 SFE 13750 -- 00 171 00 A 1019
54: 2.3 SFE 12250 :32250 172 00 A 1019
544 SFE 13000 32250 17:3 00 A 1019
545 SFE 13750 32250 174 00 A 101'9
564 SFE 12250 3:3000 169 00 A 1019
616 SFE 19500 57000 140 00 A 1019
617 SFE 20250 57000 141 00 A 1019
618 SFE 21000 57000 142 00 A 1019
619 EFE I9500 56250 143 01) A 1019
621 SFE 21000 5,250 145 00 A 1019
622 SFE 19500 55000 146 00 A 1019
62.3 SFE 20250 55000 147 00 A 1019
624 SFE 21000 55000 148 00 A 1019?
RID TYP EAST NORTH RF'F' AR ST IDF'D
664 SFE 20250 56250 144 00 A 1019
* ADMIN FILE C:OMPLETE

FIGURE 21. TYPICAL ADMINISTRATIVE FILE LINE PRINTER OUTPUT
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Scenario EDIT Routine

The SCenario ElDITor performs three functions:

a. Read, check and pass ,leometry, object, or sensor data to Task 6.

b. Check for current valid data files in Task 6 and output the
values to the operator.

c. Execute the Task 6 Tactical Situation Simulator algorithm.

1. Enter Data. Dat' entry to the algorithm is done by means of
prepunched paper tapes which have the desired geometry, object, or sensor
data to be used. The prograri uises a specially written driver on high
speed paper tape reader/punch to read in the data tapes. When entering
data, all initialization required for tile specific data files is performed
as well as format, sync, and data record checks.

2. Check Data. The previously entered tape numbers for
geometry, object, and sensor data are checked and outputted to the
operator.

3. Execute. All pertinent system and Task 6 data are
initialized. The proper flags are then set and the program is exited to
allow the real time operatiig system (RTOS) to start the Task 6 tactical
situation simulator algorithm.

TASK 5 - Command Directory Task

The function of Task 5 is to read from disc, a directory file of
valid names used to call the non-resident programs. Once the list is read
into memory, the operator may select one of the non-resident programs to
be implemented. This is accrmplished by the operator entering the
program's name (Examiple: EDIT ). Task 5 searches the directory for the
program, EDIT, and its correspon.A ng location on the non-resident disc
file. Once the program and Locoit hn have been found, Task 5 loads tle
appropriate program, in this example, EDIT, into the operator processing
task (Task 4) overlay area. Aftpr the program is loaded, Task 5 starts
Task 4, thereby giving control to the operator who can now use the
non-resident program. In the event an operator enters the name of a
non-resident program which does not exist in the directory, an error
message will he logged to the teletype by Task 5.

TASK 6 - Tactical Situation Simnulator Algorithm Operation

The Task 6 algorithm is started by a non-resident program (SCEDIT)
which also edits and checks data (Figure 22). Once started, it
initializes several parameters in the data and pointer files, sets CRT
constants and several general operating register values. Then it proceeds
to a time check roitine. lerp, the algorithm tite is generated by
comparison to the real time clock interrupt count. If the required count
has not elapsed, the program waits and returns to the scheduler. Once the
required count has elapsed (from the previous time, approximately 500
milliseconds), the current state of the system is updated.
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FIG. 22 TASK 6 SIMULATION PROGRAM FLOW DIAGRAM
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The system update relocates each object to its new position based on
the exact inhibit time value for the current algorithm period, the object
speed, and the track which the object is following. The distance between
each object and sensor is calculated, and the resulting probabilities and
classifications for each sensor are modified, if required.

Once all the objects have been checked against each sensor, the

program looks for activation threshold conditions of each sensor. An
activation will result whenever the summed probability of detection for a
given sensor exceeds a threshold value. Classification is determined from
the dominant target which perturbed the given sensor for that period.

After all the sensors have been checked as to their activation
condition, the algorithm passes the activation data to Task 3, starts it,
and goes into the wait state. When it is finished waiting, it is reacti-
vated and the entire process starts all over again.

The end of the program execution occurs when all the objects reach
the end of their respective tracks. At the end, a message is printed to
alert the operator to the fact.

General Description

The algorithm basically functions as a discrete state system.1 A
general expression of the describing state equations is as follows:

Oi = fl (G,Oi-l) (1) (B1)

Si = f2 (Si-, 
0i) (2) (B2)

where 0 is the object state matrix, S is the sensor matrix, G the geometry

functions, and i the current state. The f, and f2 are state transition
functions.

The current object state Oi is functionally determined in (BI) by the
geometry function G and the previous object state Oi_-. Then the current
sensor state Si is determined in (B2) from Oi and Si-l, the previous sensor
state. Si is interpreted and the appropriate actions taken until the next
operation (BI) is begun. Note that the operations of fl and f2  are done in
discrete time intervals, which can be varied depending on the computer
speed.

The three state variables which define the system are described by
(1) geometry (track) parameters, (2) object parameters, and (3) sensor
parameters. The basic characteristics of each are defined before the
execution of the program, although certain items may be changed during

1 A discrete state system is a collection of state variables, the value
of which at any instant of time, determines the state, or output, of
the system.
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execution. Thus, the operator merely initializes the state equations with
data from (1), (2), and (3) above and starts the program. Once
initialized with all three sets of data, the system does not need to be
reinitialized unless it is desired to change one or more of the data
groups.

so
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000O~R 0000h Elc: 0 F'ARAME TER
0cMWhR FpI: 2 UNUS~ED,
0C)' 0000.))K tic 0 NCO TELL B*UFFER
OOOE 0000 EtiC: o, X 2 ,X 4 C6 ,0 L 110-:

04Q.

00.:1*WR )ooi.,) Eli: o, 0 i. 0 LU 4-7

000.R )C"C i: 0 .0 U12
0000

002ORHf~ E000 D C)1110L 21

Oi000 AH R E01- 4

iJ(:C ' AHL-ClX E1.11 _ -
00 10. AHLCIY' EiC-u I'
001 7 AH T I M E''u 2::
O00 1 E AHTL-R EQ-U 31)

000 7 NuplC. E01-1 7

0002 MUMi~ EOUi 2
00-: CE"JF EOIJ $
000,; D:LFA E''U- 4
0(00 RIO El)' 10

0%Ri 1 EM'_ 11
oMi.' R 12 EDUL 1W,
OWLQ[ R 1 EMU 1::
0O*.E R 14 EA)I 1 4
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-LI NE PR~I N TER TA'E.K FOR THE S frlOEMN ITCI -:.E T F~u-E 2
OC'C' 1. EOUh 15~

WI:IR.. EI2I ;'

RSE ECU'h 5

ZER'CI E:'LI 0)
00 1 F FC'EMP X EC'hJ :1-:

ECIF ELILI X 9',:

*LINE PRINTER TA'_::; fMAIN FE':'Oig~ri

C )4E, LNP E19-J
t)C)4t kE~ SHR ZEE:', ZERO -.ET RF!3

,-.'400 TH Z E R C, ICJFLG .ET FLAG TO NO' EFRR

U') t:. 1 LH i::EC~ INI ~EC Li-L I N IT I AL .Ej-TlOE CF THE F FC3 t

CW);~~ .:.vLH CNL-t'N, I N I NUM

005- 1-,C:LH I I- NUMf, CI- IX

o:~ E. ~c R~E I N 1 T SHR C:NL'r, C:NUt C) CUF<EF.NT NUriLt ,_
00&..R C LDEU:LF LHI C. ULF, LI-:fFF 1 LOAD CiJRRFNT .r-t

It')l THI C,E. E I

)C)-,FR 2 .E;ZE ElCINE

007 CLH I CE-uF, DEN-IFF2

01)7,1F R5'') Is% LH WU'Fw. L PF L AO LOAD L. FP. FLA13 !NTL FN--

i C).* 4 210 P1 CH K F L 3

007CR C;-:7 ( LHI N'JFOE, PFrii4( LOAD RE'G WITH NC' CIN PAC.,~

CCE:F C;: LHI WCIFR*., -1I LC'iE' LINE FRIFr'IFR FLA,-- WI rtl -I
FF F

Cc~4E 40'0 TH W:FI.,LF'FLACJ
00 7,*.E

OC~ER212* CH~-L:1 _F; WAI T BRFANCH IF FC,$:ITI"'F

O0~gc4510C CL H CSCU.. FSCI3EO'JgL

0 R 4~ CL H CNIAI, C:LIRr*jurl REC CIREI NUnIEERS. EIA

Ch)*:.Er- CE I'- E:NE Ts.

F iWA I T



-LINE PRINTER TASK. FOR THE SEN'z.CR MON IT R SETI FAtC,
020C:R

OOTE 4S6c6c S C-:I
0074Fx
t.'i, *):4 __ GE YNX T LHFR B 11F A, 1:E:11F ADD TO rl~mL:ER !:I Pi E Li&: i P -'

C0c0g4E 26.71 NE XTX' AIS PKFI3E, 1
00O-A.R ':570 CLHI NCIFOE, PGEiX IF LESSE NOD HEA['IfNC,

OOAAR 4S2 B' ENF EL HL

OOE 0677 E;HF NCIFI:& NOFOP
OP HDS;VC EMU

0011%c Eli 10 Svc: 1 HDRSLK WRI£TE ASC:II AND' WAIT CINJ LU- 1

06MR:.U 485o, LH RS,. HDRE:LI +2 LOAD T~II
0i214RF

cOcL. 2 4.1so S-N2 MERUi IF ERROR B-RANCH

o''rr\4)CK)STH ZEkF,, IOFL'3 RFE.:ET FLi

OXX'~ 0.:3; SAO PH LHI Ri i 0 0 A Z E

*LINE FNlF :FEFi:rOrO

0061 ULc M-11% R It-) rl Ii CruE iPINTO PI:CEk
00MIR A 4 E. AHR~ VwF. A, Ri i' M AfijR.' OF DISC REcCOR',

*FC'Fr5,. RID (RID
60(ARi 24c-: LIS; Ri2. : LFNL'TH
ccc R csbf4 LH I R I3-:, k?t-HFN E £_F, CiOKo I N

OODR MC)LHI R 14, LP'L-:ijF+Ahi:

0004kt-. 41Ft'p SA:L R 15, MK':

*FO:Fd'&T lIFI E ( TTT
(j~l:-. L LIS. R12, 3:

COODiR M11 LHI Ri I: I~f v*t(L:IiFA)

0CEFR~ u::tu LH-I Ri 4, AH T P+LPL-F
024 0R.

0.:E2 41FO B'A L R151 MVI:

* FO~Rmf-)T EASET ( XXXXXX)
00cESAF 24C>- LIS R12, 6.
U'r-:F C8111'4 LHI Ri I; @_iLUX ( B-lFA-)

OOiOF
OOE.tR ':::Ec LHI R 14, LP':F±AHLlOiX

0245F

OOFOR 41Fo SA~ L RIS, MVI

* FOR'i,-) NORTH ( 'Y YYY

OFM 24:, LH IS RI 2, &Lif:Fr

6.'UR- COE,& L HI R 14, LFU*l_ -F -__K
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-LINE PRINTER TA'zt.:. FOR THE SENOR r,4NITOP jET P AjuE 4
024 CR

OOFER 4 1F0 SAL R15, mvc

" Fu3FR AT TIME HHI3
01'3R 2 4G L Ib R126

4lOR C.L4LHI R1,3, @2d-iT~rM,-:uFA,)

0 10R5 Z C:E LHI R14, LPE'[:U-F+fHT IrI

C)10 P 4 IF- SAL RP15, Pl VC:

" FCFN&T TI3R ( i*
I,1, _'4C 4 US R12,4

01 t'. R [I LW: P13 @HTER E:U-FA)

011 le. R r LHI R14, LPDUF+iNT>

C) IlCr\ +1 F,-' DL R15, MyC

0 1 1FFR LP:.vI EGCU *

(3)I1iR El1 0 S:YCi- 1, LFL:Lf . WRITE A*-3C-Il A ND' WAIT OIN LU 2

012 R'- 4UN R, UF'St+2

012 P 42 1)n EN kAR?'

0 12C 4u'TH 7ERO., IOFUU :E FUA'3 TO- NOI ErROR:

012' R 216 1 A I S CN14U4N. 1
0 1 0E' 4u 0u E;C)T H OqUI, IrqNuI

013:4 R C 5 2%) CLHI CNUI-I, CnIA~X

Qj:2 2:&OLU CHF .EC
00' 74,R

012CR 2611I A13 CE. 1
()1 ER 4C It' -=NF C:'EC:, IN! SEC

o142R 43. 6; RE INI T L:RrNC-H TO REINIThALIZE

014 R FAF 13 FEQ2 LNI R15. 1ICSC

0 4'R 4C-ItU CLH R15. CUIRSZEiC-

E 5R 43340 ERI '3UNX

() 0 CF 3: BE LUX R

')v F i F 1, Li'F~ ONL-A6



-LINE P'RINTER TA~r. FOiR THE M;NAr'iIDrCA ';E T P'6E 5

01- R;:5 LH R:-., EP'F{l:+2 LOAD :TATL'I

E:Z NE X TA:

'-'d H ,-. E

ci XB4>:AEE IO-ERF,:i-

0 1 7':. R 4C)C) .3TH ZERC:' 1IFLi

U 1 SHR C;E_ _*E(

0 1:. 4jF _0 1 I RR I :L- R15, IOERR

o I -:R~)

R~3 4 1 F>:i 1 --F £'A2 E-A R 15, C bE AR

01 R E20 I LF"-.VC- E:RAriIH TCi FAINT Lro-TR ELIFFER 'M 1
0) 1 E_

1 < 41 F0 I 1- CER 3: A:L R15, D_-CERR

01 ~ .0 S3 Ei S.R2C -ANI H TO f KWRITE Ai~-t fT

01 'IER L'A-iJ I

R1'-L 43 BN Z W4 I T

01~'A4:~C TH R 1 ', I CIF L 1

O1A4A 4050) STH R,_:; E R::; T AT

0 1 AR 4 1iFu BAL RI15, UN:i f-A-NHT: HX'>IILNFAC[. R

0 1 A 0 20~ R li: E R::;T A T, -_ '

o I[E:%0F E 120 :$VC- '2, ERARi:A
0 1 FAR

0i1EF:4 R E12Q vilI T2 EVC 2, INTFL3:f

0 1E::2A: 4:--; F o LH R15, toIFu:

0 1 E~R030f-F: RI

*UNPAu1i.<. ROII- T I E T1i C:NVEA T HEX TCi 1C

O i E:ER 4 EEF LiNF[: LH Ri14, C) .Ri 5)

SIC 2R 4::EiDF LH R1'::. 2 R 15)

olIC, .R _j4i1-i: L 1:: R 12, 12
Ii Ii:;::F' 4:::L. E L H AlR 11 R14)

(:liiA . : JrqP'? 1 LHF. RI.), A1 1
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- LINE PRINTER TA '.K FOR THE PACEN'R riNITOR "ET FA0E

01CFR CC:LAC 'S:;RHL RI(Q, O(R12)

O1 ER C4AC NHI RIO, 15

Ol[I,.R i..A A L[: R1, LITAF .1t0I )
01 ESR

QIDARF D2AEr ';TE: RIO. 0(RI3)
) () O)

OLDER 2. 11 A1'-; RI 3, 1

cIFOR 27C 4 '.I=: R12, 4

01E.R 2?1E E:Nf'-. UNF 1
01E.R 4-X)R 4(R15)

.:4

P FARAM1ETER E:LO;:IK '

01 1EiR 3: .1 ItTAE: EC/: C-: "0 12::45,-. 7:_:';'AE:fEF'

:4 5

7

4142
4.-:4 .
454,i-.

0 '1 I'IFLI [' 2 I./Ci ERRCIR FLA%,

O1F 'R ()O 7 E R C, :k l:. 7, 14, : ./1i *' FR'-i

45-

52.J F
5220

020;=:R TATLIr: LS 4

020-R Ek:.TAT EU _ STATiJ:-
)2()i: QOQE: IN T'E :. : D1 , 1000 NE SE C:INr, WAIT

4 -;F 4-:
01*."' ' 2 : C{ 1 r-LRE:LL ['C X" 2::01 ', 0, L-EXGHDRF, ENCHFR

021 AR =,";; REEHDR< DF:: "RII' T F'E EA:_=T NOIR'T-H TIM~E TEF:

44 I)

50i!f-
202
4541

4E 4F
525.4

4 : : !:6

63



- LINF PRINTER TM*K FOR THE SErNj-'O'R M-NITOR '.ET PAGE 7
5442
522"0

02 :-R ENDHDR E0.UI *-1

023CR 5240 LPSUF ['C &RID TTT XXXXXX YYYYYY HHrfiM.:::, T-:R
4420
5454
5420

53E20
58,cz595"
595-,-,
595.-"59
204S:E

4 D:5.;
5320
5442
52V0

025'R LP UFE E U *-I

025ER 2:0 1 LPELP [1t: x 2:5 ',:0 1 , LF'-:UF, LF'D-UFE

023CR
0251-R

* BYTE HAlNDLIri: ROUTINE FOR EACH FCOIRrAT

02,.,&,R MVC E0Li *
026,.R ['3:'D NXTB LE: W KRv, O(RI 3

0000
026-AR f'2';E S TE: WOAKF, 0 RI4)

0000
026ER 2-DI AI' R3, 1
027OR 26EI AJS R14, I
0272R 27C1 sis R12, 1
0274R 4270 SF NXTF: BRANCH ON PLIJ; TO NEXT :vTE

0266R
027R 0.30F SR R15 RETURN
027AR c''E: UF [DS 256
037AR 4C02 DFf-:LK ['C X" 4C02 , O, 'E: iJF, [IS- 'UF+255, -1

0000
027AR

FEFFF

03:0:4R END
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TASK 3

INPUT PROCESSING TASK

-INFLIT PRCESiIN'3 RO'UTINE Fi:R THE E:.Erq';ijR mO3NI TCR SET PAG~E 1

I INPUT FRCOi::E,$ I Ni. TAS.

* REWJRITTEN4 AND D £E :LlC 0E F BY'
*RIC:H MAR TIN':' & J!OE F.ARAf-:.OW-E+k I

" TO INITIALIZE THE INPUT F'ROCE';E*';IN' ROUTINE, TH-F IT. S
* CF N;CHS-T~A rIUET FIR:;EJ. IE :E;ET FC'R EACH UE:RCHN*E

* TO B:E AC:TIVATED' (NLIMF:ERFDl FROM RIG.HT TO LEFT).
" THEN A CA:LL TAS. MF:E;3':_A3E (CHriE3S. --IF "0" MIUST BE
" PLACED' I N THE I NPU'T ou!Fl'E ( INP'?).

* THE RFI:EIYER LOi1i--Al ur! T NL'riE;ER fE: THE SAME A,:; THE REC-EIVE"
* CZHANNEL NurlCER

*DCEF INED C:lJ-N3:-TANT'-

J' 0RO E;'L, 0
00'). I Ri ECOL' 1

R' -R2 E0II 2'
0 h 2 R.-- E17 i

0Q.) R4 ECIz 1 4
R5 EOl 5-

Rds ECl-- 6
00)c 7 R 7 E'.70- 7

R El?,! 9

"ARIO EC'U 1 f)
l:O0:Rli1 EC'LI 1 11

RI12 ECLI 12
O0)'R 1I El?'1- 13-

OOO R14 E0?-1 14

REzT El;11' X 'U'
0040) .:EET E?7 11 X*40'

L I Nk. 1 E'II-I 14
006 D' L I row.- EI-;'' i:.
00122 A :,-;Z E E 1l?'' 4

O: 1 Ri'ZV 1 EcoU I RI: y LOO Il-A CL UN IT
o:)0cl f RC V2 Ec"! 2

0004 RI'ZY4 E0?'1 4
(:0).R,_::5 E';"!~ 5
4)iQ-7 R'V/ EOU 6

006N':'C__HAN El;"!_ 11 NO. C(F RE':VE C2HAN

ENTRY INF'?i., I NFFRO:, TA,'E4i I, lrr:HHE3.
0.10OR ENTRY RCVRI, INTL-oF

E X T k N A':i'n, l'T0 - .HS T t, N I' H-.T A



I INPu T FRIJC:E SSI NCi RCUT I NF Fc'R rKF MEEEci:cNI TO~R 'SFT PAGE
Qoi,.)(cR EX TRr4 c~~~EC ,RT~iuT, TYFEIr

OOi EXTRN 1INC TEE, WDiCT:EE, Ci-: T,:E
~~EXTRN I N:T S4, WLCTt;;I ACf T1.1

0 0 tL' C) -E XTRN 0 iCr' Ei m ;Z, ca i Tm ric
EXTRN 0-L TM~o)

EX TFN TEXASE, jF:h

*INFIT FkIE,.I;TA-i:i rri N4TROL -LC>.

LIR. Ir& INPuT :LC iT

000.. R LIELFIJE L TEl L L-F FE
C))C- R o(-h)*):I) DCz C) LIJCK-UNIS:E L

00 11 R L~ 1 kii) I -. 1 LL V2-Fi '

00I 1 R Ci:; [:2 V i' -~ F:
F*)!. (t):--: li- X L110 -R:VF,4

E. > UE5[ll X :;, LUUl(15Rl VR5

ti 1k ()))( 0

k 00.ir U1 ( DI-I 10) LL TUA-E Il-TIiN LE.:FLAY
Cit.) R~ C14 DlC: x 14 L'1U-ARE4i LiI':F'LAY

60~ V± ("to( Ell- uC[I), t, , I)lINLv :EF.1 LUL

ii~i-D [i.:; P2RESER SAVE ARFA

00(:4E&R FC0) 1 NFC' [If: 2 C ) ,,I

[HE 54 OU-'TiLEUE S 'A5

*I NFLI T FR1C E I5 NO' r~ I N F'Rl':'Fi-Th

Li)-4t,R- 1700 1 NF'F'RC' X HR RO, RU LI-ill~r Rlu WI TH 0
C 4R 2, 1 1 LI,-:: Ri, 1 LIVir, R1 WITH I

*INPUIT DA T A, VeiLI['10TE, Ar*Ji CHF,_A RL:E IVER _:.TATi~v-

O~E~ -.- :I [~TANRL R--, INFAC' Ir4FLT ':HANNEt NLIII:ER
t 4E .6-C EATERRT

u5IF4 E40 1-L 4, 0~ rIATA IF L':T EN4TRY, I'1- TC' 0~ r'&r T

II"F ii~XHR R 2 R.I RLT Fr4TRY FLA12
*~~,El II Ll.TE RR vi- 2,EF:. FF1w "iNO' LI'-. ENTky

U.4F\

00t



- INr~PUT PFE ;'E I Nc RCOUT INE FOR THF mE$' rCNi)(Tc'R _,E T PALciE 3
02F5C R 4-30) RC:.:;Ti: f. EiRCH TO FRCTCF.

*THE FC'LLCWINI] 1lE; THE 11E FINITILN OF A RECEIVER PAR~riETER

*THE FAR~mETER E:LCIC.. c:rJ~rE
* FCT C:CE' (E'TE 1)
* LC-'1-iCAL UINIT NC'.1 tBEYTE 2)
* TATu3 (ED'TE
* DEVI1C1E NUIMBER (E-:YTE 4)

INFUT OULELIE NAME (BY TE 5 &, 6~)

*THE RECEIVER LIJIICAl UNIT NLIMPER I-- THE _-;ME AiS$ THE
*REC.E I VER I::-HANNEi_ NUrIEER

* REC.:EIVER PA.RAIFTEFR BE_L,Z.:E

021 O( R 4().)1 Rf:VR 1 DC' A 0 +fZ. IiV

C)2':.4R C)Q4ER EIC: INfqF, 7

/-,%.R 4'o2 RC:VR,- ti X '4(:'c'W) +fRCV2
-'/R DI

A ~.R ()4FR Ii~.R N": F 40:'-+c
-'2~.R L[w: 2

2) 27QR' (i(:.)4ER I": INFO

0:2 72R 4(00.4 RCVR4 ['C: X40 Rv

02 7&:R (00'4ER DC I NFC'

0:27--:R 4005 RI-: V F:5 [1'C: X- 4000(. +FRCV5

02, 7 C'R O(YiER<L I MP 0

7 EFR 40'..". Rl: V~_ DC+ X 4()(W)Cv~

i) '- 2R f.)Q.4ER DIC 1 N IF

24R 2421 Ct: L'ATA L 1$ F R-11 I -ET EN4TRY FLAG
u' 'R ($13LHR R4, R3LOADf R4 WITH DA~TA

0 1 :-: R 4:--:1( BrqriN C+ MEEE.'. I F NCT I i L', C,: TO'C~.M i

7FF F
02'9h. 09 34) CH R:, Ro C:tfif'F',F C'H NCI. W ITH C
0 2"1F R:C PE I NVELTA IF 0, C1Ci TCO INVL'TA

~ (~,:; C:HI P2,N'H-Hc:I-A(FARF. WITH N~C' cH

0 4 2 o F I I I-)i IF FLu., TO': r': 1 VLi'

67



-INPUT PRCESSING3 RCOUT INE FOR UHE SENS--OR MC'NI TCR SET FACIE 4

029ER C:88E:3 LHI R ':, X 30 (R:3- LCOAD R:E: WITH CH NO:. IN ASCII
00.3C

02A2R D286 ST 13 R':, 11 N AV A + 1 STORE C:H NCO. IN MSA.
* 0:315R

02AzR El 120 SVC- 2, UNAVAi- PRINT "RFJ::VR NCO. X NOT AVAIL
0*30E--R

02AAR C:840) LHI R4, X-FFFF- LOAD R4 WITH X-FFFF'
FFFF

02AER C:85(- LHI R5, X'FFFE* LOIAD R5 WITH X-FFFE'
FFFE

02B2R EB;!.3 RLL R4, -1 (R:-:.) SHIFT LEFT NO'. C:H - I
FFFF

02r:, R 4450 NH R5, C-:HS-:TA RES:zET CHAN S:.TATLIS_ B:IT

i2E:AR 4Q0o STH R5, C-:STA TCREF CH '-.T A W I TH ElI T R E S ET

02E-:ER E13 VC :30 EC'.

(:2C2R (000: i::HtE;,S [DC: 0 CALL TASK;F MESSAG~E

0214R 03007 ERRL'ST DiC 7
CO2C:6 R OOOE Dic 1 4
02C;E:R 4E4F DC C-NO LIS::T EN4TRY-

20:4C

5420
454E
5452

02['&F<R 0007 ERREIAT DC, 7
02D5c-R 0014 Ell2-
02PAR 494E LiC C, I NVALID1 CHANNEL NOI.

5641

4 4 *2(J

414E
4E45
4C,)
4E4F
2F ,.--(.'

02EFR 21:3 P: ESENZ S Cv~.C'K IF NOT 01 30 TCO C+CI.O
02FOR 4,3-: Q' LH R 12, CH'.T A LCOAD R1 2 WI TH CHAN S-:TATLCIS

02:iC:R
02F4R 4:30) E: STAC... 60 TO STACHP

0.32ER

402F::R I,, C:Ck C:vI R.. CIv A ClI- C HAN NO- W I TH NC CHA

C2FC*R 4 Eo 4FP RC TC tIFP NOT FLU'- cG') TO F.p: T,'

F2I INVDTA SY': 2 E F,. T4 FPRINT "IrqV i IL' Cl)T-i,
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-I NPUT PROUC ESS; I NC R'CiIJT I wE FOR THE 'SEr~iSC'QR rMOw £ TOR SET PFAS'3E 5

I:st4R Eo:c VC E,( ECIJ

0:30$R 00 7 6 ~ fl DCS 7*_

O:3fl' 54$DC C RCvF riC' Ur4AWf I LABLF

20240

4E41

4 14 2
4C:4 5

* RECEIVER STAlTUS RCIuTINE

():.;./R S(Y RCTCV LH 12~C:H~gLC'AD FL2 _IH :HAN SfTJ

0 26 R 49CC cMH R 1, wCHS T A C:Orii C-H'ST WITH NCH$-T A

i.) R :::f -E rN IF C, SLtmIP UPDAlTE

3fl2Fk 4:-:' P, T A.H[. L H Rl'3--, NCHS'Tfl LC'fll Ri 3: WITH NXT C:HgN Tf4 u

Z 2R C 5z41 LH I R4, NCICH4N kRi ) LOOP R4 W I TH C' CH + 1

03/E.R 08'5 1 LHR F'5, R I LOOO FR5 WI TH 1
C~:;H('sl-4 SLHL F'S. - 1 (R4) S:HFT R-S LEFT E:y Y 4 . CH

V3 R' I rt x Ni CH R5,. IS 1 HF T RS5 RGT SY 1 B'IT PC'S;ITIC'b
0:ER0l 1 HPR' R4, R1 S=UI3TRACT I FROM CM NOH -
'34r 4k::.) k-4 PR T MiF!. IF 0), GOl TO PRImES::

034 4R CJ4LHI F.-1 (Rqt LOOI R'?- WITH NC'. C:H - 1

u::8 4>'MH- FS SIx MuL T RE'- BY &C

(0:3_4CFR u75 LHR R 7, R5S LOAD R7 WI TM :SET B-IT
(4EF (4711 NHF' R. I ISOLATE STATLS B I T

B,' 23 R:-- TZ RC: H A IF ), '30 TO RS:TCH'FA
_JR [ElIEO L M R4 I LCIO[' RCVR STATIS IN AS:_CI I

04 1,-R
*',-.FR C'kf:0 LHI RI 11. SE T LOOPl Ri 1 WITH ECMT CODE

OR 2Ec'S [ E ETR'-,T '60 TCOEF~
.L1-k ['1IE(+ R STCHA LMl R 14, C'FF Ll-oOP RCVR S.TAT'S:: IN AX!!._-I

C fiLMI R I 1 * Ft T LC1301' Fl 1WI TH FLICT iOD-fi

.4 fNk Vf'<'- '-EET FC T 'jT[ F: R1 , Rr YR1 (R T:l) F1F- FL C IN P''~ L Lf
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-INPUT PRC?SP FROU'TINE FUR TH-E SE;Er*SOR MO'NI TOR SET PAGE c

C3E: E11': Svc 1, RCVR1 (R) SET OR RE'SET RC.VR

0:37()R 21,-,. E:1-4Z'=. C C' M P-T IF NOT 0, 30I TO C:OriF-;T
o- 7R DOE,- T TM R14, RCV+ST.A+2(*. ;' STO'RE RC:VR S-TMTUE;': IN M'FSS.:

O h::4R
::7 0;:; ~7 LHR Rio, R7 LOAE' RIC) WITH ;TATLI'= EBIT

4--::(1(4 BI SETL;I T GOc TI: SETBIT

-R 4c- C.4F I:IJMFE:T NHI R'8., x FFu0 IlEt.ETE RIG~HT B-YTE FROM, R:E:
FF00)

U ~C' CF)EOCH I R;:, A" A~CCC Ci-r-PARF.E STA~TUS WJI TH- X'f

o 3 4F 21:i. f$1Z IL'3IF NC'T C, '30- TO ILFi-3

I) :':c'A% l I E(. ULM 4 LOADL RCVR 1i A T cv:S I N I( I

0 3: AR fluE,- ST vi R14. Ri'LVSTA+2 R,:'O =-TOiF:E RCVR *:TATU-.: I N MES

SS C i:N T I. [-RrqiH TO CNC~
0 R'~ [lEO I L E J L M R14, ILI. LOAD' RC:VR ST AT crE I N ~VI I

-:'-14R D'OE,- :T rl R 14, RiC:V'STA+2 R,.-) ST13RE RCVR STATcr:. IN rF
o:):F 4 P

0 R~~ I':-:A, C:CiiTC+. LHI RICO, X FFFF LOADt Rli) WITH ALL I

FFFF
():wR CIE-41 7 S -I R RI1C), R 7 C:Of5F'L~r'tFNT r lT
u:-FR~ o4A5 NHR RICO, R5 ANr' WITH S;E-:
A(F 16~ SE TEI T LHI R'--; X FFFF LOADtL R'- W I TH- Al-l 1

FFFF

~- 4 c, 1NHR R 12, R 5/ REMO'VE [-:JT FRC-rm CH.:TA
A P OHR R12, RICO APEr BIT TO CHS-TA

()g:AAR 4 :00 B NXTCH G~O TC' NXTCH

o -IR ~:", NIrLE:1C:H DC' NCHAN NUMPFER OF C HANEt.E
C u. )0:). ;I x Etc

QQ( CR('7 RC VS TM [DC 7

''[R4;: [Ic C C~I~IL
414E
4E45

o CCR2F20[" : 1 2
203201-

2o32,
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- I r'uT FRC:ESSING ROLTINE FOR THE SENSCOR MiNITOR SET FA E 7
03-;i2R 2020 tc: C" 4 5 6

2034
20)20

2020
2035
2020
2020)
20:%,.

.. i: 0007 RC:Vt$iT2 DC: 7

UOE-, OO2E DC 46
0:3ESR 5:54 iC STATUS -

4154
55.5 -'

0::F2R 2020 RC:V3iTA E-, C-

2020

2020

0'4c4R 220) Dc. .

2020
202w<)
20o20

2020

o,41 ,.R 204F ON DC C" oN
4E.)0

041 AR 4F4,., I FF [l: C OFF
4620

041 E R 2044 fLlI Dc Cf lu |
55W2

042.,v 4' 4 L ILI [-: C ILL

042,iR FR~IMF-. EU *l~ .1

042.R 400l) 5TH R12, C H:-TA -STORE C:H:,T,
0.:24R

Q42AR 40C "rH RI2, rCHSTA MAKE NEHfAlTA = CHSTA

042FR 0E:3-: 1.CiONT LHR R::, R-': Ci-HECF. IF !-;TART TA'SK ME-,S.
043'R 213:: 8NZE' CLENT IF NOT, GO TO C.ENT
o4"R E 1:2 ENlDSJ01; SVC. , Ej

04 -R C,-:2 U Fr..T LH R., F,: CI-HF'A IF ErTRT
Q4-. 2 ' :.ZS ENrOL, IF -Jf iGii TO ENoIJOE.,
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- INPUT FRO'CES:--INlO, ROUTINF FOR THE FSENSOR mONITOR SEr PAGE 8

04:AR ec-.2 CONTIN RTL R;',2 INF' INPUT IL' AND DATA
0)4ER

04:.ER 6,40 RTL R4, INP i: INFUT TIMF(HRS & MIN)
004ER

0442R 6.50 RTL R5, INPO INPUT TIME(S;EC & 120TH"!- )
004ER

044.R 4340 EB.F: 4, LDDATA IF LIST ENTRY, GO TO LrlFrATA
0452R

044AR E120 SVc 2, ERRi_'ST PRINT "NO LIST ENTRY"
02C4R

044FR El :-.) SyC :3, 0 EOJ
0000

0452R 0:.2 LfDATA LHR R., R' LO:AD R/:- WITH ID & DATA
0454R C:.'7-3 LHI R7,-I R:3) LOAD R7 WITH CH NO. -1

FFFF
0458R EM'c) Ri I- R6, 6 C :1iIEINE CH & I D IN R7

0001L

045CR Df-:7 LE: R11, ADMTAF:R7) L'.Irj Ri11 WITH S.;ENSOR NL'mEER
OOF

4,-.R 08E: LHR R l, Rl SET FLA:-;
4,.2R 42:30 Es.NZ LI:TNI u IF NOT 0, 13 TO LC:TN 'G

0494R
04.R 6110 ERRCHA AHMi R1, INC T-E INCR C.TR

046AR 6110 AHM R1, INCT=SI INR FTR

04.ER El :130 V:, EFI

0472R INTOUF Ei:'. AE:S ;ZE

R FIND AODRESS IN AOMIN LOU:N

0:)49.R C::CO LCTNLG LHI RI2, eADN"iSZ LOAD Ri2 WITH RECORD SIZE
OOO0F

0'49.-O_:R 2781 "; I -S Rl1,l a-SI-E;TRAiF:T I FROM S'ENSO;R NUMDER

O4.AR OCAC MHR R1O,R2 MILT SENSOR NO. BY SIZE
04?CR CARO AHI R11,ACTAIM ADD ATDR OF ADMIN LOu

O000F

a RC'L'TIrIE TO DETERrIuiF IF DATA I':; TO BE OUTFUT
* TO THE TEXAS IN-TRUtMFNT,:: THER'iAL RECORDER

O4AOR D:-:[-l RrIROIUT LE R'., @RFC :NO (R I ) LOAri RECORFIER NUME-ER

04A4R C'99.0 CH I R9, I IS DATA TO [.E OUTPUT TO RECORPER .
0001

04A-R 21:3:3 ENFS FTATE IF NOT. CONTINUE ON THRU INP
04AAR 41E0 E:AIL LINK. , TEXAS IF SO, GO TO THERMAL REC:ORDFER RUML

OOF
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-I NPUT FRC-:'ESS; I Nl ROUT INP FC'R THE :S-ENSC'-R MONITCOR 'SET PACGE 9
UPDFEATE ADMIN LOG EXTE[4'I;1iNr & INC:R ACHYV C-TR

04AER 404fB UPDATE *=9TH R4. @LTMAC:(R1 1) STC'RE TIMF (HR PUNW)
000CF

0 4E:2-,R 4050, STH R5,N. @TM'A 2 Ri1 ) S:-TCORE TIME (SC&120-TH 5)
0000F

14 E:' R 6. 11-: A~irI R 1. -NOAC: T(Ri 1) I NCR MCTI v C: T R (,-INC41-E ERAS-E)

0-.4EAR 94AEXSR Rb.- Rb: S-:HIFT DATA TC' RIGiHT BYTE
0)4E::R C4O NH I Rb. 255 REMOVE 1ST 6YTE OF Rb

O':FF
L4C:UR f1-,l:La:::R ;'rq@SN TF P.F R ) LOAD' R,.- WI TH S-LU-

04'24 R1.SLS F MULT S-Y 4
041C:4-R I1:3 LE-: R: T YPE(R') LOAD' R.S: WITH CLASS

t ') j7
0.4C:AF 0I C:HR R::, R I IF CLASS=.' IS NO3T 1, SK.IFP
Q042CCR 4i U-d N,-I CE

04'Po.uoLHR R ,R
04DS CASR NCIC:HC E AHI R8:, - 2 (R:) LOAD R: WI TM 2 X C:LA';s- -2

4:D' R 4:;:::: LH R:-:, TE-LADR (RU:--, LOAF, RU: WI TM !-W MDtIF

04f'AR 02:U:F. R:; GO TC' W ADEf'RFEE;:

4CRC:96 LDCL OPT. R-., 631 COMPAFE DATA WITM 6H

* 040F 339 73 AC T IF ' .GO TO S:TAC-T
0)4E2F;' Ch6 CI Rb6, 5 7 COmPARE DATA WITH 57

* O4Eb-.R 4220,, SF P -:ADDAT IF 'MTR 57, GO3 TO U:ADAT

()4EAR 90CH I Rb-., 52 CoMlP DATA WITH 52
0034

04EFR 42 10 E: AnDAT IF LT 52, GO:1 TC' E:AE'LAT
0 5 (0 SNf

04F2-R D2cr: STAVE S1k FtB., @-LL CF(RI I) STORE DATA

O4E6R 61 1 C' 1CM 'TAC:T Abri Fl. AC:Z IS'-,E I NCR C:TF

O.'4F AR 'o.1 10 IMF:M Ri1, A-CCPS I INCR C:TF

':4FER B:CC f-: CALCA

05''2 C 5:Q Ar'D-JT LHI R:. X ::'LOAD' R:U: WITH DATA PI T

OoRD2Ef Sl F; R:::, @1 C-:R (R1 1) STORE IN DATA AREA
04 F4R

('SOAP 6 1 10 Abri Ri * WDC.--TE I r~iCR C:TR

0CE R I I1( A~f-i RI., J~r T,:. I NIC~--R C TNR
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-I NPUT PROCESS ING ROUlTI£NE FOR THE SENSOR MOIN ITOR SET PAGE 1'
04F-.R

O051.R 04F6R TBLADR DC CNTACT
OS1SE-R O.4EiC:R [C D:E

* CALL SU'BROUJT INE TO LCONVERT SENS*-:OR DATA TO ASCII
* AND PLACE IN AN INTERIm S£:UFFER

051AR 40E:O CALCAS STH Ri 11, SNS-'AE' 1 STORE ADDR OF SENSO:CR DATA
0529R

051ER 41E(.' BAL L INf . C:ONASC CAL-L C:ONV TO ASCII ROUTiNqE

0522'R sNS'_:AD IDES 2 ADEIR OF S:.ENSO;CR DATA
0)52-4R 0472-R ~c: INTSU;IF APOR OF INTERIfr BUFFER

0526 R 430 SOjE1 C:RTOUI-T B-RANCH TO CRTOU-l-T

0)5:&I R END
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- RCOUT INE FCE TEtVE ISTUMNT THE~Rm~i RECC'RF'EE PAGE

*4 -4 44 4 * 4 4444 -4 44* 4 ** 4 *4 4**-44*44*-*-*-4-4*

* * * 4 *4*

* 4 4 *

4* J 4 *4 **4* 4 4

E 4 4 E ,4 LA- * * *

~ EN T 4**E * * UN* 4

E*,Tr , L- -- m'

EX TR ?;.F I It 'PF

WHITCH ' WILL 1-, TC Ag @THFR'&J i-R C.

ExTr RFA Ai F.>tA, E1u1-

o4 R

*C THI R TIN ~ l' R4,;ENi~ TAFGE- I- LT

*4 4N TRE EEI I, TE-F :.%IriuE IS TECgACEE 'E EIY

LL C:i (E4'i. 4 ,R

C)UR 4Qi;S H E4-: V f) F- Sc

((Th 4i'C' ':Tr EST~iS 75



- JROUTINE FOR TFXAS INSTRUMENTS TERrA RECORDJER FiGE

002R 43:1': L-.FC: in EE TEC:T

O02ER 4980 iCH RS, TAR,-
')51ER

0:32R 433::0 B'FF: :1, CLASFY
012ER

0).) 3 R 430i)() B:FC Ch E X I T 1
01DOR

FROCC-E'.:.Ir,l'3 OF A DETECTION 'Er.I-OR

C C::-: DE TEC T LHI R:=':, L TrAC(Ri 1 )

004R 4:; LH R'7, OtR')
0(:)002

0042AR 40%' STH R.-,TAI;-4 ":E"

04F,

004ER 48=4 0 LH R4, TA[--:,.
0502R

00,52R 48-%), LH Rf,, TiAf::-}:4

0504 R
056:.R 404E-: .;TH R4, C,_ TMA'C '(Ri 1

(:0c :0 F

005AR 405E; S-TH R5, @,TriA2 F 1 )

005ER 6:E:::: LHI R;::, .i Tri&FO (Ri 1

0'6.2R 4%-:'; LH R' ) R::

00-60 :R 40%:,) S-;TH R'..-", T AF: -42

04FCOR

.)').:.i'iR 48::: LH R,/, 2 ( R;::)
000)2

o,.nER 409.:0 STH T'' TAF1:-40o
(4FER

E ONE MINuTE ACI:TIVA/ICN OrFAFiE ROUTINF

.k , l XHR RI,FI
,'v, - LV: R:, TAE-4E: (RI )

* , L, R', TAB-42 (Ri)

. .HR Rg, F.£:

cOH R":, TAE:- 12

• E:F t:.. M. i r'; r,r,

CH R,', TAI- 1):)

[ FS :, 4
' .S R.", 4

-FL UO, ZIR0L II'
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- RCIUTINW FOIR TEX4E; irNS--TR,-rENT.S rHFRrIL RE'z':'RIDER P:3C
0 ~R 2'-11 A1I Ri, 1

00,4R £'[ i LIE: R:-, T1A1F--4:--:(R1I
04Fd.R

Ch,) :-)::~ :R ; 1 LIE: R'--, T4F--42-. ( 1)
u04 F C R

09R 4,95c0 CH- R:', TAF--14
f. 1I:::

uu4C;F~E F33 EF:-.
Ot0A4F 4:-Oj B LFc 0, Zi-CLLCU

00)4-.R 4'; CM FRT', F-

U4?EF 300 f:FC 0 ZHULC'C

* cHFIcF ON riJ.uE RC'LTIrNF

d)LEZ F& R'=-. CiA r'-f4; 41;(FR

04FcF
0' l [S ''1 LRF R'?Z, T4J-42 (R 1

O~-E ~9lC:H F'-), TAR-12
5) 1 AR

OCR 4D3 F2 I, JNClO'3

oE F FS

01F '4w. LI, R6 R,-'
* OS'>On EC~DSRO--uTINEP

E0 2' '5 L [ F: 3 R-, TAE:-45-:(Fl
0.'4F6&F

OuR ElI1 LP R', T~:4F 42tF'I

00t'4~F; o>% CHE F::-, RF''-
000C:R 2125 IEJrF'- 2, 5
009FF 23' 1E:FF *-; 0, 1

* CTrivArICN LOUC UPDATE Rl",liiTINE-

00E0R 071 1 ZF'0L0131 XMF RII RI
fO:' ['211 STE: Fl, TAP-LF+6'-50 (RI(-))
0466, R

()O:E,' F I L--.1I4 IN CLOC LIE: RI, T A PL + 65C)R10)
041,&R

(X0EAR 410 CM H Fl, TF!
052 4F

Qub.EtR 21. 2 E: TF 2, 2
OQEOI 2c 1 11 l 1

OU' w) ' F 4 Dri2, I43Fr.>C A T L '

O4-'.:,R
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- ROUT INE FOR TEXAS: INS TRUMEN~rT,_S THFRI4i RECCJROER PAGE 4
OO6R 4310C:H Ri , TAr-- C

0 F AR 215 ETF': 3z.' 5
'CCCR 03305r RSE, TAE:LP 71l

0i 1 )(CR 4,_:i'0 E:FC: 0, =3 TC'RE
0 1 2()R

0 10('4R 49-.10 C!H R I, T A 1:-

0iOR 21:3:4 ET F:S 3--: 4
OlC AR fE0L3B RE:, T A PLE-+ 731

01 CER 230 O-:FFS ,
1 1C 4 9110 UH Ri, T1413-s

0 1i1i-+E 1 4 BTIESz .34
LE:0 L .:E:, TAELE +75

02 _'7R

CIII E f' L E: R::, TAFLF+ 7 7

412CR 4590 :TOR LH R2. ETER

0i24k A15.1HR R, -, R12

I1214E 4:1300 EEFC CEX I Ti
01I c R

* RLC'C:ES_-'E:INGCI (F A4CLlSECAT~~ ESi

01,2FFR 9-46 O:LASEFY EXE:E Rc., R6.
Cu 3CR.) I:4,a) NHI R6:, 255

O1I:34R 4,.-, c.0 COH E&, T A R--2c

0 1 R 211 ES 3 ,-. 5
o 1:::A R I.0LHI R:-:, Tr-'ELLr +14

0 1 E)R
013FF ":0 7 [-F FS- C', 7

C 142 R 4960) CH Fc6, TAE-2--4

0I14cR 2 1.25 ET F,. 5
Q014;3:E C;5~:fli LHI F'::, TAE:Llz±42'

014C:R 2:30:17 E ( o 7
014ER *2 _5.,4 EE;_: 54
0 15')R 49-6 ---0 C(H F(-, T , -

05 1 OR
0 154R 21 1 STF::.
0 15cR(A$% LHI R:1, T14tLE-+C

I115CR .-,,-):.7 E~ / ;_ :,-
WCt 4-.., CH ,
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ROUCILTINE FOR TEXAS~ INSTRUMENFTS THEFRMAI. REC:ORDER PAG.E 5
01e.2R 2134 BUS~ :3.4

06RC~) H E F + ,R

0168R2309 FFE 0,
0)16ARU 4?60 C:H R6, rAE:-1i:-:

U 514R
016~ER 2134 EBrFS 3, 4
017 0R' C8)L-i I R:;., TAF-.LE+2'E:

0174R 23W: BFFS 0,
0176hR C:8:Cj LHI R,.=, TAF-LE+5,s

021i4R
*C:HARA CTER BU -LFFER TRgtNS;FcIET1IjN Ri:ITINF

017AR 24Et5 LIS R15..5
01 7CR 4 f0 k) TH Ri:: 3. Ii., FR

OOOOF
018:0R 40f'0) ET H Ri1 . T AF: -2::

04DwR
01::SR 4110 SA Ri1, FL I N i.

01C, R D 100) LM RC), TAB--:0
04f'WR

0190RF 4$;EC' LH R14, RFTR

Cul24R 24DT7 LIS. R13. 7
0196-R 2621. AIS~ R8E, 13
0198R:F OAKEC AHF R14, R12

DAE'TA TRW~ir3FER ROUITNE
019AqR 0i3 7: NXL I NE LF: R 7, (0 (R;E:'

C)19 ER D127E ST[ R7, 0(R4)
()00(.'

O1A2R C:9E0 C:HI R14, rl.AfLF+570
041 '6R

O1A8R 2 12::: BIFS 2, E
0i1&AR CAQO AHI R 14, ,-,

C)1AER 2782 E;E R8,2
01E:,:F 271 SLE Rl.3, 1

0 1 9ARF
WSW:,. 230;E; BFFS 0 ,
01E:8R C:8E0 LHI R14. ThJLE+90

01:CR E)AEC AWF R14,R12-
':)1LEF 275!2 $is R83,2
01C&YR 27fhI E;1 R 1': 1
01CI:R 4230, EBrl * NX L INE

014AR
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- RjUTINE_ FOR TEXAS INSr-RurENT,=. THERmr*i RFC--R[R FAI.E
O1CC:R 24D:-: LIS R1:3-, :-:
O1CER 40'o ;Tm R1.$, TcL+.,-FR

01 7ER011r2R 4110 =A(_ R 1, F'LIN.:

01-: AR
NC'Rr'AL EXIT ROUT IfrHF

Q 1 fLR EI CA0 EXIT1 Lrl RO, TAF:LF+73:')
0426LR

11DIAR 0:,0E E;R LI N *

" TAE:ULAR INDFX OF DEFINE'
" C.:ON::TAfNT' Ar~ri S'TORAGE AREA

1DC R TA-;.E E7..? *
I:)OIcL:R OIF DW: 31,04, 04, 04, 04, 04, 04,:-0, 17

0004
0004
0004
0004

(:004

004oo ii

IlEFR 001 1 fic; 17, 30,, 16 16, 16, 04, 10, 1 7, 1 7
001 E

00101
0(.-) 0

(1004

(210(1A
0011
0011

(:)l00R 011 DC 1 17, 17, 17, 17, 17,21,21,21
o0 1 1
0011
0011
0011

011

O0 15
0015
00., I If

0:21 2R t*00. DI:) 10, 024, 21, 14. (04, 14, 211, (:4,0('4

0014

00150015

022 A4 O RC 1 2,1 1,020,014,0 0 C, 1,4,4

OO 4

0015
0004

0()l')4

02 "4F 011 1~_' 0, 21,* "I, 00, 00, 0C)% 00,:, Q(, (30

00(1)0 80

..... ... U



- ROULTINE FO'R TEXAS IN~z;,TRULMFNTPE; rHERMAI REI:.IIRr'ER PAGEF 7
0000

0000

0) 23R D$ 72.
0C~i'R o0:35 [i: 5.:, 54, 55, 5, ., 57, 5 _:, X'59~

007

0037

00-,::

05 1 AR 0000 oo 0, 01 , 02. 03,-: 04. 05, Oci
0001l

0004
0005
0006

000R ECIU C)
000 1 R I EGCU 1
0002 R2 E'U
0003).: R.:3 El_.'11
0004 R4 EC'1IJ 4
tCA)C) R5 E'.IU 5
('1001, R 4-. ECUI1 6

: ')() 7 R 7 E-7l- 7
OCW)E R:-: ECH-J
000 R 9 ECIU
otC)00A RIO( ECU.1- 10
00013E: R11 E01- 1 1

007R12 ECUI 12
o'R 1 3 ECU1 13

000E R14 EC! 14
OUO,.(-F Ri15 EU 1 5

LOO LINM._ ECI!11- 14
(.)5()ARrEXRL'N ECU1- Ti~F.L E±3Z14

(:4iR L A'_: T BF EC"Jl~ T A E; L+ 5 70
0 2:i.R Rr'RE:U-F EU Tf:~2

05 2,L. ' TAE: EC01-1
05 21'c.R E r.4D
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TASK 4
OPERATOR COMMAND TASK

OPCIERATOIR CO(mAND FRll:~~t:E FOR THF ---Er4,-;CR MONI TOR 'SET PAG'EI

*OFPERATOR CONTROL COMMANrJS OVERt .AY AREA

*REWRITTEN ANP DEELIIC EE' B EY
*RICH MART INO 14 JOE im*AR~f:.OWSK ;-I

*OPERATOIR C-Ol:iMAr~fl$ TASK~: C:ONTROL E:LOC..

ENTRY OVERI Y, OVER'l-E
0000k ~ENTRY TASL-.-:4, C:MPtr

(i()RTAS:.4 D S *IJNUErF
- .AEIR:; [5 2 *AIIF$INPUT -.LCIT

2 *UNLJuSED
0OCI:~ i: 2 *LJNjlISEE TELL S-FR
O()CFF 0C,.fI ~oX *LUjX-EIS: HISETO'FY FILE

CQij (.)R IDc: X 10' *LLI C-l--Al ERT C:RT
x 'R (00 ElII: LLI 2--LNUS-EEI

00 1 R ~ Ell-2 Li: X'/ *LLIl 0,3--LI NE FR INTER
oo 1~ 01::~.r: X, 1'- *LU 04--fl I:EC AFrI N FILE

El;. 0C.[C: X 2iC.' *LIJ 05--DISC: OVERlA FILE
o(-)1 AR (1:31 Ell' X 13: *Ll- 6 H'SF' rR

001L -~U8.'. i: x3C*Ll- 07--TF'L HI' 5Ti' FILE
R0FF Ell-, DC -* Ciz. *LUJO-RSLErSVA.

00:24R (:(c() i: , 01 ,0.C

002;FF [I'S _32 * R SV

* TASK.i-, 4 F'RO;3-RAri

004ER cril E'179-1
000QE R 14 EI7Ilj 14

COFR 15 EOLI._ 15
004EFR 4 :E 0 LH R14, AF)R:--

00l.52R 4.,:EE LH R14,0C(R 14) LOAn' SLUFF ALIRS: INTCO R14

" R14 --- TTY BUFFER
" R15 --- RETURN ArDDRESS;_z REu13ISTER

0(.U54LR 41FO BAL R 15, OVE RL Y
Oo5ER

04)5AR E 1 00SC :

005ER OVERLY [lii. X' 12(').'
1 '5('Fm O:VERLE E' "1I *- I
I 2S ER END
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TASK 5
COMMANDS DIRECTORY TASK

- C:IIIANFJS £IIREC:TCiRY FOIR THE S4:&N$IR MONI TOR SEr PA 03E

* COMigANjry; 'I RFCT'R Y ROUIJTI NE

* RFWR IT TEN AND D EJ0 U G3 E 1 BLY
* RI C-:H rAR T INC'1 & JCE V*AF~:C':Iw$

c)0ci_)REXTRN At 13FLC.
EXTRN ':'VERL Y, l:VERI-E

c:,CK ~EXTRN T4$:TAT
ENTRY TImC_:I
ENTRY 'zRU, ':RLITE:

*CCOMMANUE D$ IREC:T1DRY TA';_4.:. CONr~TROIL E'LCJC:F.

:6Rsijuf-: 8iE E:Ll'j.ECi

00CLR 0I:-;PER El T T YE-UF TELL ELIFFER
(:(:iER ll--: LI! (:
of) 1 OR 000-;2 Lii: 211J 1-- T T '

0.'! 1 4R 006-. lC, X /'-, LUi :3--LI NF PRI NTER
04:) 16R -02 DC: X / ' LLI 4 =LINF PRINTER
00 1:::R 00 1:3: DC:' X 1 U-I 5--TAFE

00 A :)i:E C X 'i /, LU O-DSCCVERLAY FILE
Qolu CR DC(:) 2i: LU 7--TTY
o'W1ER C(*)t*.'i' cii:: 0, 0 1 LU .8 1I 1

00(K.RC~~x)) fii: c, ,oc LU 12-15~

')U2EF: Li;G2LEr REG 3:E;AY,,E
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-C:CmMAlNDrS DIRECTORY FOR THE -;Et4,;OR MIONI TOR E;ET PAG3E 2

* C:OItIm4rr; EL REC: rCiR MAI1N FRIORAM

004ER S3RL EOLI
004ER E I 10 ISVc 1~ [11RF-1 JI RF.4r1 £IREL::TCRY INTO EuLFFER

0152R
0052R 4E:00 LH 8STAT, LIIRRF'+2 TE:iz;T TTS

01 54R
0056IR 421 13r ()BI LEVER1

005AR 24E I L IC; CDN, 1
005CR 7 C:: XH-R ZRID, ZR') ZERO REG~ 0
005ER 40iC:C STH ZRCI, 41.'3LC' ZERO 4LJCIR FLAG3

Ot'-'.R 40C ( ST H ZR:'. T T YE:IF
O-:ER

TA48.t;:5 E':U *j

0(W R4: 20 LH TS 2 r4E-;rAr RF-ClUE':T ET4Lj OF TI,4
(-)(:)(-)c) F-- 

I-'Y.)/ AF: C 5 2 4 CLHI T'=2, A 00 TE'-. T IF D'r~j

O'R42 3:0 E:NE A 13C1R

0%)72R 4:--: 1 LH TSi, Trt'vi:IF 1E; THERE A CC'rii4Nt TC' FRC'C-E8S;
0(1:[-:E R

0(.)7,.R 4 3 -; s AZ 4u3C1'IR IF ZERO- C-HEc'. FC'-R L:R
00F C: R

Oi.17AR 41~ F') RMSER j341 RTNq, -EARi:H
00C:4R

OOER41: TH ZRI0-, Try[-Lf-F ZERO TTY BULFFER
0:30:ER

('!0.'2R 4,300 S AI-CR GOc TO c-:HF-:IK. ALIIR ITHr
00FC: R

('~R452%:) CL-H T,_82, AlCC~r+: 4 RE4A' IN C-:ORF

0E4R 4330 S.E CAI, Tv.4 Y E':, Sv.I P RFAE,

')~EER4020 S8T H TS2, FRC6R-+: F ST LIP PARAMETER

(),):12R 4(:' TH T,.:2, TA4-.i.4+14 EL(S
(Y3:.7C:R

Q Rl'F E I (. SVC' 1, FRCJC.RO REArI I N PRC

0 ':"AR 4G:(-") LH '-'TAT, FR:"3Rf+2 TE8::T ':TATl-IS
0:::[-2R

0i.)t-ER 4 211') ei tIE VER ?
lol4AR

(K.142R El 14.0 C 4L TP.4 S;VC 6., T4E~t .4

l)-J4'-.-R 4 Bt Ez T A:I.-
RI

84



- 'C'M1fNnsLIRFEC.TORY FOIR THF SEN=C;O:R MONI TUR SET PA~GE 3
OOAAfR E 120 TiL-*ERR SVC: 2, TA;i::FR

':)OB2R
0AER 4 3c": TAB4-.

1) E __R (U)07 T A'-:K. ER D'C 7, 201, C THFRF Po' A TAS4$I ERR'
0014
2054

244

5:i 42E

00f'AR L~ 3 H CJ, I FE', '+' LOA 1 O NC RF ETR A:;CIN

00D1:R 05. 34 C3:HR [lIF' PCT EIF EST I POINTER3FII$
20'R 4518 NL N,'I3ER C'H TS,1I1;1+(IOT HECKWI3E i WIOTHDRCiY

':16()R
4'_E:: E:2) BEFVC LF 2. : IriR ERO NM~rE FINOiTH FOURANC

OC'EAR E20 -:4AP. 0J, 2 4 EIN:E WRITE N T CM

OO:'ER Of ---D 4 ER D IN REIC T L'RN. TO SERCHT IS INS
OODEP F2,:( BL:[ EOU_ E 1-TEW*ECN

O('Q .-R E 121. SVC T2, DIERE:J+ [ERR) I'EICOR NArINO FONDT3

0OJER4R 4010D BT :(TN) JI RUTLR BA GCLLERNBUFE

'X'F$R 40:) ['1E B R 'ERTUNVERUTN

I 14AR
OQ:RALUI3R E '7' *1

oQUEE-R 45E(:) L.:LH LONE, A# _., FLL

0 1 OR 42-:') BNF TA:E:* 5

01 04R EI 60C SVC: 6, TA'E4 i.:'.
037 ER

0 11;:R 42'-:) :N Z Tt.FRR
0OAAR

oi''.: 4(.W' S1 H Z RC'.i At' COFL C, ZERij 0I.'31:'I In~e FLAG:
I::F ER

0 1 R' -:(_, , -15



-COM'MANJDS DIRECTORY FOR THE SEWNOR MC'NI TOR S=.ET PAG3E 4

TIECOMFAC:TROTN
THSROULTINE GALLSE ri-F TIME OF £'AY HH: MM. 55
ADC:OmFRESS;,:ES THE I . E. HHMMSS;.:.

ON.MUST LOAD C'EN REG~ 1 (TMi) WITH THE MOP WHERE THF RESUI-LT I

ui1i4R T IMCOM ECU *
01i14R EI120 SYC:_ 2, RD T IME READ CURRENT TIME

014&nR

01 1CR 40A I STH RIO, 4 (TSi S;TORE IN TN
0004

012C.'R 4'-: AC) L H RIC, POTIMF:+4
014CR

0124R 4C'A I STH Rio 'TSi STORE HH IN TN-e4

('1 2c:R 4:-_gA. LH RiC), ROjTIF,,+e- l/
Q0142R

012C-I-R v IP:- SLL-S Ri1O, SSHIFT SO./rlO!.
(-I 2ER 4:WLH R 11, RE, TI ME +',. /MI:/

0 141gR
('ilR 901ES., SRI SRi 1 1, .8 SHIFT -SC' ./OM/
':0 :34R OC.AF: O)HR RiO, Ri 1 OR ,t±Ci
01Ci6R 4QAI STH Ri C, 2(T .1) STC'RE MiM I N TN+2

0002
C1 3BAR 0.CEI BR PIN RE TURrN

0 ~ ~ 14 C:: RCC'HSTANTS-7

0: 1 3CR DC::: REiE2 r" , +,':,o.C

014AR E i'-C Svc 2. ERMES:E.
03:5E P

0 14ER 43Ct.C( E' TASL'5

1i 52R 5CI:L E DI Rp n C X5iC CIPUFDIRt'C
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- COMMAND S DIRECTORY FOR THE SENSOR MONITOR SET PAGE 5
0000

015CR V I RFL'F DS 512
0:35BR DIRENri EOLI *-I

STAT E'IU 0
00011 rsi EC"J 1

(2 T'S,2 E.LI 2
:3: R3 EOU -

00oo:: l I PO EO0
(0)04 C:T E CL' 4
00Q5 R5 EC'0 5
0)0f- Re. EOL. 6
0u07 R7 EQU 7

OO ,:R:-' E'7_' :J

00- ' At i::T E'AUJ
R 1 C E01- 1 I

0() CM EU I I1
R 11 E'L- 11

0'):: ZRI- EO I 2

00RT E0U 13
lOFr ONE EC'U 14

0)(F')F R 15 EU 15
):=56:R 20 2f E:LAN[. EI- X ""2020
:):=:SER 00(07 ERIE:=';:; DC 7, 10, C: I'O ERROR

4'.)2 F

4F20
4552?
524F

.):- ,R 0001 F'ALI-;E [ic: 1
4:.ER 4:3El TA'.4 [lC C" Cr1i " X "0202, 0, *+2, TTYE:LIF, 0
4420
2020

0:7 A, R

02020000

v:3'FR7E 7 RR 7,W. ['C, C: ' Cf,,FR X' 202I I El 0D I. S

::.E2Et

0000

0l37ER 0007 CA!uIRR_- [C 7 24' CA-;: C'-E"RR2 , NAI CO,0 I

2024:

2D454

2 (['45

494E
5C:.4 1
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- C:MM~N'S IRFC.TC'Rv FOR THE SES'<MCNI TCR '_ET FAUE
4420

0002
(0:-flFR JOQiE Eli
(,!3.:U-R 51:.06 FRC'OF I C AR 0 l-Cc 0, CVERkLYJ C'VER'LE, 0

000(lC)F

* TTYI3U-F P: FROM TA't:,a
*THE FC'L' OWING CARD MUS~l:_T BE Ir1MEE'BATEI-Y LEPORE THF TTYEU:-F

0: T:~ TI LU 11 El. TEL UFFER
R'CE RFLI E~I-- * 02

':'l ~ C CR11_Lii ElCU- A 00
I I~i C xC):2

flj~j)j iJVLF I L EI?'IU x J.):1

1sF:I- W I TE EUl X 0
WA4 I T 11_1 Ciii_; x W'):''

"41 LFcPr L'C'r CiiI X 00
R0i AtK I -il ECUI A x k

040CR 007 AIS'-ERR DC: 7, 27, C: RC'ORAM IS NO1-T IN DIREC-TORY'
Of )1 E:

4F47
5 241

42K

204E
4 F :_4

4E20

41-:54

4 F 5 2

042FF END SRU
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TASK 6

TACTICAL SITUATION SIMULATOR TASK

Th' TIC ITUATI0 N I MLA~T ICII F'RCO-,ArM PAC3E I
AU~LTHORF .J. ARLWEr

ENqTRY taE 1.-7 N C

Fr4 TR Y TtV. 0 . T'--: Tf-P, CN4VTAf-:, $N;C,~:E
Ef~~ El- C uR:.:I : RE r , .;E GL T

ENiTR' N, EI~~ Ci.iT ?:TRrqG, ETRTE-L
ENIR i TIL.T $6~1

Q~ ~~ EN TRY STRNCI ~E ',1 X , @ -E (-'i y ,@=, . , 3, :E G
ENTRY (B L.Ec-.L, (a@Elc4ri, ETRL13T, CIE0NIY
ENTRY (-aLE TL, ~IKNI ( aL.,Jit @C'L-tjLI -at-.~E ~Ci~R.;, QCL:

... EN4TRY @;EC.E,F"i,- -C[.F, -;E ILI EN;:G, (aE;ENRT, (a'EENTP
ENTRY La:EENTL- ENP,(E;rEY ;N, LaEf,'R
EXTRH I.ECRT

rN ~E X TRr I r4 NPl.), I-C L F L C,
(h'h'Wl,_,E X TR'N C R T 1 CIA, T 4 -3 F,

El::R(WI iL FfAF:Af,E TER

L 2E TELL E: F -
000i, K) Q~ L LI I

QIS) R 00': Eli- X LU 1

00 14 1R Cl 4 1 LIEc X 4C6
* ~ 0 LU~.R x~1~ I'' XC111LL

LI-115 Q. 2 LIJS CLL 5
Qi 1 iAR DClI 10C

(W)~) 1 AR 0.0i)~ [li-
o. :R Ehlllli-:

Io E R Etc f ~QLI: l,)

ll-:

ClIl 00k)L. ElrI: (f

R El 'I

(I(F R Ec'LI 41f+L TRGA

R7 ECILI 7

0,1 L:Ri1 EC111 I1

066KI R,;, Eli') 2

l~,IilRdi E01- 1:

000 7 7 El_11_S



I A -A G3 991 ARMY ELECTRONICS RESEARCH AND 
DEVELOPMENT COMMAND F --ETC F/6 9/2ITACTICAL SITUAT ION SIMULATOR ALGORITHM FOR USE WITH A THERMAL L--ETCU

I AUG Al J A KARAKOWSKI, R .1 MARTINO, A SLUTSKYUNCLASSIFIED DELCS-TR-1-4llllllffffff



TACTICAL SITUIATIOIN SIMULLATION PROGRAM PAGE 2
OCCE R14 ECU4L 14
00CR R15 EOU 15
00104 ALRTLUI ECU 4

0000SC: X ECH
R00 X EC'U.II 4

00±I ~C: X ECU9- 6
000)OE: X R ECU i

00Asc:N, ECUL 10
RY ECU 14

000INC'? ECU 16.
00X)12 YR ECDU 18E
C3-.2AR S0 XF [I$ 4

0 32E R RXF [C 4
C,:32R LNC:XF fi. 4

& 3R XRF EVE 4
SC: YF [i4

0,1ERRYE 4
0: 1,.::"R lfiNOVE D 4

10'4&6R YRE Er-S 4
034 A R XLCI:: 2-
U 34LR YLCC DS
O -.4ER r1APELL DS 2

0*-:;1.',RMMFWT [is
C *_- 'R 2004 CIE:.LC li X' 2000 '+ALR T LU

0:35F~ [R NUE

0:35C.:-R 6$C() MAFLUE DC: x 1:C - (,
C3S-;ER 00A ['C: X A

[I- 4 IJNLI:EE
o:C 4 R 42:,32 MAXr DIC X 42:3:2 *0

oo()(,

036--CR OL D X EIS 2
0' ER CILrJY [1.: 2
(): 70R 00(CC' C? 1c
03-:7 2R 404$:; C:F IC: X' 4(C48,, o

0000
C:376:R 4 09 C:C.-F& [I X 4 0,-9 A 99 150V

9'--"A
03 e 7 AR 40CC: CLMSSOi DC XK 40CC: ,, A >000Evl-

C: -C:CLI
0.:37ER 4040. TCIEEST 1IC X 404')0 0

0000
if [IS 2

0:::R LASEI3 [iS 2
0 " -,R 664-.6 GA TE [IC' x 6666
C)-:.c R 0_-:3_: C:85'-9 [IC: X -3:3 "
C,3 A R 423_-2 C50 Dic X 422 C

0000'

CU h:::R 4 110 c Iii:: X,411C
0 )R ('') ZERCI DIC 0, C,

4 ''R 4C'C,-C FRI3ATE Eli A 4f-11 I' x CL
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T*AC: IC A SI UTLI rION SIlMULA T ICIN PRcOGR#.d PAGE 2.

02EA CL.LK:NT EOU X 2FE4'
(I2DE SEC: E~'U X 2DE~

'C* C: L~ INT EIPU 6 0 MINIMUM SCEN I NTERvoI =0. 5 SEC~
-, -~ TAS.L E';'L'

:R C~E;OLH I R 1 1, UTCIF
00-.E R

IR 4 ()F: 0 5TH Ri 11 TSV.&6T 1:+ 4
00%)4R

(T-AOR L:_:E-i)o LHI R 1 1 ,-z TI.

o .A4R 4t.:JE:U' STH RI 1,TL-TE:c
0 Q .R

) R41 Ff FAL 15, -li
0000( F

0*:3.,,-CR [.ol, S TrM R12,. FCRZ#Av
1 ( . 1 C-ZR

*ZERO, AU3CIR I THM FLAI3
O:3E;U'R 0700 XHR R(.) RU)
0:v3,E:2R 2411 LIS_. Ri, 1
00E4 R 4000 ST H RO, A.lGFLC.

f:)3-:E: 4('0 ETH RC, MgiFFLC,
().-'4E R

0: _3 I- 2F.u LE R Ro, Ri)
QO:E:ER Q~UO ;TE RtU-, --;CETfi

1 E R
u:C2R 4 0() :TH R 0, S,.C.E T I M

24FC: R

40,,.0
')3 1)R "i I) 5TH R2, EDEL-TM

251 AtR

251 C: R
*ZEROI MAP WA IT FLG'.

(lf' 7fAA XHR RIO:, RIC)
0*-::l4R 24[:A LIS RI , It."

(:~D~R4000: STH RI 1, MAFPWT

O$D,.DAR C ,7;Ef:U LH I R 11, CRT 1 DA

(03:E2R 4iU)A.U STH RIO, OUTI
U3-:EiC:R

*SE T UP CART PARAMiETERS'
('3_-E4&R 4 1 E0 SAL RI 14, CNVFF

22 16R
0 ; E R DC ZR T IDA

0I:,EC:'!OT 1 [1.: 2
STE R::-, SE;C:XF

I: F.- RC?~- LHI R I (, I ()(R II

F' R 4(3~o S TH- R I(), C'1'T5
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TACT ICMI '5I TUATION SIMULATION PROi3R~r PAC'E 4
040.*4R

GOFA 22 IS R IC-, 2
03)--FCR 40A50' STH RIO, OUIT5+2

040,6R
*SE T UP :R T FARWAmF TERs'

040C')R 41 E0 BA' Ri14, CNVFF
22 1 &R

0404R OU T 5 11S 4
0)40;iR 601-0 STE R,::, :;CyF

4CR4()O :E;T "O -'L A X

041CR 4000 STH RO, C'LOYX
036CER

0414R VjflLHI P1i, x 43
043_.5

0 41E:'R 07AA XHR RiO.C) R I C
O'4iMAR 4C:A0 tl-i Ri1O) .0899

0SSR
041ER I:4E:O' NH! R11, X lEERF

7FFF
C1,4 2?2R 4024) STH P11,11I

*SYS_-TEri TIMER LC'C'F
0.426sR 4:3:2i0 W I TCK;' LH PR LKCT

02EA
)04 25R 2*-:35,= [B.FF' .

042 J_: 420 NORF

*wAIT FOR SCEr'ARkIO INTERvM'
0430*:'R ElI 20) Svc: 2 WflI TI

05:-:4RP
03P2 0o7 FBf:S 0, 7

'43'S, R 4200f NOP

04'-R L~ S.E T EC"J
t42A 40 )I TH P2 , CLKI

042'ER 4020 STH R2, DELf TIll
24 F R

0'442P., 41 D BAl- Ri 3.-: C:NVc;EC

0446SR 40'>(' STH P&-. ---EC1
1 E,,-!LR

0444R 4000 NX TI ME STH R C) RESU:11L T ZERO, RESUALT AC'ZUM
05:3.2R

0.44EP 4::SuW LH R5, C__LKC'oNT LOAD C:URR INTERRUPT COUNT
02EA

0.'452R 41 [h) BAL_ R I 3.:: CNtVSEC-
OSO)ER

045.6$P 456_'0 CLH RL., :'E7C 1 C:COrlPARE CUPR WI TH PREY TIME

045AR 2333 BF& I,-

(')45CR I I k) ~ ESAL Ri .SEl'

"45nR 4L.C 1__rI C HI. C Lb 5,CL
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rTACTICM-':SI TLATIC'r Elr'LATICIN PRI-1ii'FAM PAGE 5
1 E:.64F

04c4F:. 2323:EFFS 2,3S
046cR~R5 CESSI R, 120

44c"R 47 (. LH R7, CLK1
1 E3,-4F:

O4cEF< 075 SI-IF: R 7, R5
04 70R 4A7() AH R 7, RESU;-L T

* 1-HF:?.C:LCt:. IrNTE~vfi
0:47-4R: C5'70 C:LHI R7, CLLINT

0o::C
04 78R 4':_O E:FC: ', T TZ4: '-,

Oil111 ~~' F

047CN it2'98 LI F:t5, CL tf I4qT

04C'F CE:57 H-MI RSf, I t R7)

(4;:45 43:R 0 £:FC 3 NXTLME
044ARF

04.,:,5; 0722 XHR: R', R2
045-AR 033 LMF: Fcs 5
045CRF 4-2-) MM F.z,

::7 0 R,
44505 4030 =;TH R:-:, CLK:'WT

*wA iT x FilLI LSE'C(';.

0 -95 E2O AV RA

0 49:R 4-:' £-:FC J, NX Ti rIW
0 4 4A R

049iCF REA' EL
04:.JCF ) 2'-:::5 EFFSi 8', 5

04A'--R CA'- AHI 56 cC

04 A,-- 4E:/c.Q SMH Sc, S'EL 1

*IF DIFFEF-iC;-EI?';.
')4Afl51 56C) CLI R6, I

(:1)()0 1
04AER 0(1 £ - :T FCR 3', R 1:3

041E:0 C'876- LHI R7, -1 Sc
FFFF

O'4LA4R 0 7c1c XHR 5~S
0 4 R~jF 4C 6(. MM 56-, OINE20

057cR
* AD-iL'S] EC ('Nf' CC'L'NT

04(:45 407') TH R7, REUT
(.5.32R

04(:ER :::l( EELR 0, Ri I
14COR'F ST 1$? Q EC'L'

04Ci'5~t)" Ei' T'' 23C I ri
24FI- P
( C 4 4u 7 '3 H F? 'I T im
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TiACTICI. -E14TufATlur4 ::I[,,L'L,)~Tl~r4~ PRAM PAGE
24FAR

04CC-R D 10t) L M R E2, FCfR'S.V
I 'S1CR

04CCR 4a0" L H 11, EIE-Tlm
* 24FAR

255. R
0:4f14R E EE; LHR R14, Rl1

()4MIR 2,8, 0 LER i,
04E'LR 2 D',' [DER 01
04LIER 60lC)( ST E 0,DELThi

21 A~ R

o,4E 2R D411 LI;Tf R 1, 1CR:,al

04EAR -0'C Li E R C, SCE Trm
25 1 E R

(4EER 4:C) AP Ro, 'ELrTM
251AR~

* SAVE E:-CEMRtF:'D) TIMEiF
(4 F'2A -.Co) :TE RiO, :;CE TEir

251 E R
* C:C'rAiER1 E:r.li

0.4Fi-A 4 10) ~ Ri3-:; CrtdVZ-Er
0:50E R

04FAR 4')i'-.u STH Re. E C 1
1 E&

04FEF:R 5 LH R5, -NT.Zw

0:50)2R 4C)5) 'ST H R:5, CL -. I
1 E ::4 F

* SET C-!LF.RFNT TIM~E
'950/ .R E 1 2') Svl- 2, ROT I r'F

247:::R
C150AR 4':C:0') E : 0 ;TTFv;

057 : R
05( ER C:rIV'S-EC' EC'u

*COWNERrT. Asci I SECCNrEIS-. TO S.:fNJf.Y
05('ER 0 7E XHR RED, R"=--
0151(:OR 4~k'c: 01 LH R6~, 'SEC:

')514P 1 ' '9 LHR R$P, RL.

05 1 AR C 4'/.o NH I R,.,x, FoQ

':5ER*99~EXCR R,., RP

* CC';ivEFISECrT~
.. I- Pc., FHF'

P ')~L' fFiR R. F1-:.
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TACTrIC l. S I TU'ATrION S ;lMLlLA TlfJN. FRcecUrA PAGE 7
652R S yNC, It__: 2

052ARF (.i)E: WAI TM ri: 110

() ~~~(2)()i EN" 1*
-5E (00 - U.r.W

0!5:2 R RES:uL T L's;

SCIO 1: WAIT I X DC I 1 0)'

C. 4(R 006f,~ WA I TC: na 1I1, 1( 0

l)54c.I IQC E i 12
05S:4*,4E 'ST AS V 3 DC, C' * IlP X 2o.'2

5020:

0202
()55ORf 000) S T'-z;T A T EDC:_ 0l , 0

i5.z.R (C)~l:7 TA'i-IER Ell- 7, 20

:)i51-FR 5441 DC CTSL T ERROR

4152
5420 %_
455-2
524F

R'0i 01 AXV L 25
Q 57.R t)003l THRIFEE ll-

0574R A,-' .T F LG FTC. '

(:57 R (h)(178: l'F0 D 120
7:i; STI A~t E11LI-1

(.)'-7.-:R 41 ro' [I. RiS SC:ErAR START SCEr'WRIC'

* OULTPLI T AC TI VA1 TIi CIN FOR PRE v'IO 5 PER IO.D
If.7 CR 41.H.4 STH R(_, AC TFLc-S

05 74 R
* S.E T IIF LCIC'F

C 5 :R C: 6:, LH I R*-.- AC' T,.;Er4i
16.:34R

C)5$i4R ()744 x .,F P4, R4
05:oL/.R 4 c-.) L H R5,:ES'C

65:- t1 R 2 75 1 51 P F5 1
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TACT IC:AL SI T'JfTI Or~i -I MLfIAT ION F:CI'3'Rp~r PAGE a
0592QR o C84e LHR R 4, R 4..
059:4R O)ASf. AHR R5, F'S

*R4= ZERO
059,! R .s~0LE P4, ZERO

*NEXT ACTIVATION

059AR NXTACT EO.U *

05S9AR 6,8631 LE R6,, 8(R:-:)

OSS',ER 4:320) [-FC 2. Z RID1

OSA2R S,%C SE R6, IDEI-TrI
251 AF:

05ALR 4'320~: 2. ZR~i-l

05PR '-'0CE R/e., CoPS

OS5AER 2125 B*T FS-- 2,5
C)S:O-)R 4'-i NCOP

*ZERO AINTICIPATE FLAK3

oSE B4 R E£203 STE: P'), 2(R':

05E:2:R Ace,:: S-TE R, 2 R3

'.:''R 4'::0 SE:F C: C I NCR
0 CIE P.

05COR t.4 1 STE R 4, E-t(R:3

*ZERO -;EtIFLCJ
OSC4P ['20,3 ST R 0, 2 (RP3.1

00104

O5C CR e00 CE R0, PR'3ATE CHECK, FOR PROS THRES--:HO--LD

0.50c.'R 2187 E:T F:-; :,7
0512R 420 M ) OP

05[16-R 4 110#(.'R)3 ADL

05SIAR 401)10 STH RI. ACTFLG
0574 P

*Z ERO FRCIEiF: rIL ITY ACCIMLILA TC'F:
C'5DER I NCRLI EOU *L
OSU5[ER &-04:: STE R4, XA 14' (R:--)

00 1 4
05E2R-. 01203 STE PU-.Rf X I: ElPR:-

5EAP ['0203 STE: Pu.) X 1 E

* RE'& ;TiOFC E2 F CA TO ZR
('SEEP02t'3 IP PUX 1IF (F?:)
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TACTI CAL -I TUAT I ON 3 SMULATLION FROCicRAr P~AGE 9'

05F2F: Cil) eXLqi RT.NXTACT

(15F*.R 4880 LN M#E MA F Li

05FAF: 4 5 CLH R;3, MAF'WT

034F 40u. ET Rd ~FC

0608.R 2SO-3 ~ &FF$ 0,
M fAR L7HFCik

O&OAR- 6'1 10 AHVI4 RI, M'AFFLL'

034%h
:6L-ER 48(: LH R, A CTF L C

0)574R,
0612 CR 423 P- EFC I. WAM~

MW~ 4000. E;TH RVAC:TF~c.
Q57 4F

061A~R C890~c LH I R9'. X

4 S;YSTEM' TkiA'- 'zNC

0261ER 409..) z;TH R'i' , TE3CF

062AR E 160 ~ V ~. TAI
0'548R-

0.&2c.R 489%.iv LH RKS T:.TAT

06AR2339 OFF3 T9

Q64R 40Y90 STS RX EPf:.NCI
0'56E F:

')63SR. ET124.) SVC, 2, TA-E.LFR

06~3CR E 12(. WA[I 1 1-,0 21 WA IIL:
054K'RF

0640.R 4.3001' EF C: 0, NXTIME
04 4AR

0644R W TUF EI *

06$44R Dow)A) STri FM- RSAV I

*LOArD CUiRF: M(EW STRIN6i
06.48R 0'375 LF: R7, I (R5)

uc.4FR 2771 Sl13S R7,
065OhDR' ci:&: LHI R;?., 'i-J1 CiT

06)5'.R CA70 AHI F:7. TRU~L zTEL-~RIN(C- TAIL.LF lIWE
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TAC-T ICAl- S1ITL'AT ION S--I MUILAT I~ ON RC"3PirI PACGE 10
1 C['SiR

*LCAr' C:LIRR LEG F'CISrION
OtM.5AR 48a415 LH R9,6(R5)

065ER 2&91 A 1:- R. 1
Oe.-.-OR f-[357 L0 Ri 1, 1(R7)

06i,41R 055CLHR R-. Ri 11 COCMF COURR (NC3 WI TH- TOTAL- NiC
06&$R- F'~- EES 2h 9

06 K I LI S EC0U 1
*SET ENr' OF OS) LAM'3

066&C-R ['215 STS R 1, 2 R')

0CL67'< [() RDc) LM P6 R/, R'SAV1

cc 74E -F0 f:C' 0, NX Ti
1 E rF:2R

:.*TOR-E NEW FP051 :;TI C'N
0678-R 402-5 STH R->, c R5.'

Oe.7CF C A-' AHI R7, 1 (R,- I WE NEW PCO'S!;~l-r H [ If SEG PCV'S! T 4

'6 R 1 c 7  LFI: R,.:; t) R 7

& 4 R ii C:LH R'F,, 'SE3rN'..ri
15FAR

ccsR 4 221 1-.ETC 2, 1ILLS1

O/5:RO~k9LI-S RP-/, R'
C sE R 4330:::* SEC: 3, KFI LLS-:

* SORENEW NUtiFER
Oe9R40 STH P'.,A* x24 F: 5,

C -. R 2781 F I1 R,.1
(O,":::RP .':;: XHR RS R;:

C:',-R A:M LH! Rif., A 'iS1.

O&'-EP 0'(A MHP R. RIm:'
bcHb RA~ *AM! S9 SE'L,.T '34ER.IF-iTE SGNTINDEX

b6A:R 405 SINH Ri),XA 2E iRS.

ReC ~:C LE R:, 4 (P

OeS('R 6C'5 STE PC'. X, IC, (F:5)

*SET PE.IAINING ':-.EG 'IS-4 E LEN
*X AND' y CC'C'IR IN! TIl~I- ?T!ONlr

),.5R :*'.t~LE RC' (1 (,P'

0.E:i:: 5T'LF R2. 1 2 ( P9.-
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T ACTIICAL ':1 ITQATI I ON 'zIrIMULATII N PRIoGRAM PAG'E 11

066.C-R &9LF Rc4, )( 14' (RI9)

0&LCOPR 6c: A 5 LE P. R 1(,4 (R)

00(0-4
OR A A: 2l LI-I R1F(, RO P1

':c h4,- 50 EFO: INRE
OL-E AR

0.CER 045 STE R4, S(R5f)

'S'2 T(4 TE R4, x ' 10 R5)

06f'R 605STE R4-, 12tPR5)

0eTA 605SE R&." x ,14' R.5.
00)14

0 7-z02R-

06A:NRVEF: E C; *

0wEAP 6005 TE R0. s' Pt)

Ic EFPR &0C STE PuRk 0 .t

06F -f R' STE R,-, 12'.P5.

0O6-F6P c02 5 ':.TE R5 4 P.

001 4
O6( FAR 6-.045 STE R4, AX'26' (R5)

0''2R PET ECU-1

0 7 jR

-,0 R 0 's I [ - 2

072()R CiTL IS 26C C&0

1 1 4,,F: C2-.r'L "

114AR SIL: D. 126C)

i5FRP SEGif.UM [t.- 2
i FCR REC'SAV EIS 32

iC-P FOPSF,"-AY D'S 1

F.' 00N) eIr-:.Rr' DCu C0,

1 oL. 2ER :4":) C:URG'EC' '
I . OP (4':') CU-RSEN [I '--: o

1 P.,2F (WICh 0:IRO. cc El

1 CDAR 15. 15 PF3i"Ii ERSTIFC
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I CEAR 408215 S;TRlfisE r',Ax
1Xi .TRLC'T EOU 17

I E82 R .3rRNO: £l IS. 2
* r~Tf. CLCI::.. : ':'urN

I E824R C0(1(1 C: LL 1. I C (

1 E':=:&R :::w' .I 1 [C C)
1 E *z: -:R EC r-*FL L i E -IL.

La':-- 3E 4 r EU X 22

00 :: @ EE'.L T ECU X1
La:" @EEN I c' ECU I C

(1(01 E.RNO- EC" 171 1i
0015 Lk B F G ECU1-

0(.104 @ 3EGL E17JU 4
3:@ =E;E N~ T F E11_ Z''

Qi QC2 @Ci_ E: JE N~ Er' IJ1 2
0U) @C'f-,!17L E r711_

Qi~h)4 @?3,E NF,W EOU 4

00 E ,"-:*!MTY ECI x I E

00 114 @0E:,I IY EC"!l~ A 14
(k?2.. ~ .?AOE:JEA EC'L A x
(hl()4 [C-:.Il[ £1.' 4
00(1:3: @E rNR'T ECU1- .

(W) F La ZE NfLIF ECLI-, X 1iF
C'3;E' I X ECi 1. 1

E.ZX EC'U! 12
002t)l @,SE iT 0 ECU1- X 20
0i) 34 @[-,:TL E G 1 .:-:44
(0011 CC,:.I 3 ECU1- X I C.

0 k)2E @'.E':L ECUl- X .- P
,(3lf3:.jCX ElCi(''c
La' IY E17U1 12

0u i . e;Et*IE: V EC-"! X. 1 (
00 U @3£NW E01-1 x I El

@ =-; 3mr*C' El.-U- X 24'
(01) ::Ei-)2x EIT'l1 X 10

00) 14 @:E MFPP ECU1- X 14'
Q., .14 Ca 3E I ZV E4.711 X 14

(1: L: @3:ENE'F ECU X1
y.I:I ECU1 12

0s: 1 @:-iX ECIILI x 1 C

c':1 Cl[-:.-YE Er'U X I
(1t12:l C,.Y3 T EtC'! X 2'.

0i.)2 A LaiP'[.JEY ECU1i X 'A
I :-1-RSC ENPR EC'U *

1IE : R 7 :::XHR R P ': Z£E:i IL: T rH~llfi E

I :- ' 4THRi ' O*

to0



TACTrICA4L S I TUAT ION S I MULLA~TI C'fli PFCRC3AU1, PAGVE 1 3
1 E:2 R 4;::4 ( LI-H R4, L'-NUt

RE~ FRC'C E,: ECU *I-

1 E'cF -KS TH Rt) SC NrFL'

I ECCR -4 21 L IE F'll I

1 E:z;ER CS::5(* LHI R5, zPLS-@ETL

1iE&F ArIsNX T C :. ECIU *

I1EAV R AHI F5 , x,34

*CHEII. RC'F, EN'OR CIF ,10ECT

1E4'-R f:'LHR F:'S: R5.'
1)) --

1EAEF 4 2Q-- NIP

I1E BFR NXT1 EI
1 E : 2R C I2 EXUE R2 r N/TUJ -:.-

IE A :r

1PA F- § :,

24EE R
1 E E.:E R 41)0- -;:TH RcU,EC'UC

IE -_R' ;1 ES:SFR ),R I,-

i1- 4 R q(It- T0C~ 1 T TH R1, SC NRU4FI'

IEC:: I R C LE RU, -_CETfM LcOfEr CURF SCEr TIME

1ECC'_R b,:,)5CE RA), A 2(R5)

1EE'uik- 42: ~ OTC :j,oTI

I E E:, F,
1 EL'4R Ec LIB R:-: 5'.(5R

I1E[I:::;R 1.- : : LHF R:-:, R!E:
lEDAR 23 ERRS S,
1EIR 42'00 CF

* I N1IT IAl H E CUFF SEC' P"is ITI ION
1ER 4()(5 'ETM RuH RS.

lEE,4AF 4 1E0 S-AL R14, :SETuP S-:ET UIP WHFNr~ '_-.CTTART,-_ F~IR F 3,E

I1E ESFRC f2Q 5 STI? R0.) 5 (R5)

1EECR CC'NI(ATI ECU *-

IXEECR 6:-S LE R(I, X '186' (F5)
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TACTIC~l ' SI TUATICNlf SEIMULATICON PRCRAri F'AGE 1
.252-7A

I E FSP 1,00 STE RU, Cirt-.Rn
162AR

1EFCP NxT2 EO
1EFCN 4.t82"0 LE P?.05.R1

I212 A P
IPUOPR .i:5 LE RCU, X *I C (PS.'

1 F 04PR 2:11 'EP R2, RU CC'MFr 05E.3' D1i ST WiH fli FriSM
1lFU'.P- 4 221 S TC 2, NXV'zECG

1 FOAF 2'%,o2 S:-EP RU CP2R,
EUC R O 'S T E PU, X I C, (P5)

I F 1iUP I S LE RP2,Ax2E*(PS)

1F1hP21R flER R2 fPR2
I F I&P CA A F R2, C1

Q) ::-:E R

Ii AP 0C2u ST E P?-, A A= I+(I**--

I ERP t)'C STri R 1, R? PE'A V

i 15PFiCu LRP2 CF

iF2,-P 4 1 F SAL 15. ROFT

1IF 2&. 'iU C' A Okt)'4

1 F2.C R.P2ER Ell A
IE2ER C 60'. i)S T E 0

*C:CNT INrUE PR'f'P RACI

1k. 1 C2 F -F.:

IF 3CLR D 11: L1M P12, R F:pA..

1FZ$EP .sf'20 DE RP, R 2=CUPF;R' P
2S.32P -- R

1F42P &8&:-.5 LE P6. X 2E(R5)
(Z;E

I F46R &.1y6 C E P6. mAXMr

1F4MF 4320 SEC 2. NUVEPT

1 F::ERCE R4&.,PiI

U.FE:R

252P
IlF AP k.) -O5 LE Pu. XA*2A (R5)

2OSA
..)5F~ ::; E R,:' . x 14 R(f,5

()Q 1 4
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TAI!T: CAt S ITUA TION SI riLL ATI ON FPROC#:4.m PAGE 1 5
"CHE.C+ FOR MiINUtE. COND'I TI ON

1IFou2R 23 1 '41-F IES . '4
IF.4R 4 20 f4CR

IFe& 4, 'i: ) L H P 1, 4

1iF&cCR C60() OIHI Ri 1. A, X0

i F 7OF< 413:0. T H- Ri 1, 4

* NOT n usCon Di jTlCi o
1F74R :-lS AF R., 12( R 5

1 F7 E;R 605 STE R: -/ 12 (R5?

I F 71-R A~:;) f:FC 'r-.riA

IFSO-4*-R NC' vERT ECU *

I FS8OR L-Cs ME F':.. x 10'R5

I FeR £45 LE R4, iZPR5

1iFSR .j[45 E R4, X 1,4 (E5'

I FcThf R 2,A AEF REC, P4
IFEER MeC F5 ME ,Pt, 2E fl

iF~r:A t~/E Rs 86RES5

iF~R 6l~b DE P, -. A

1iF'- AF R'() LF~ Rt. X '26' (R5)

(Y2

1 FOER i-.409 5S:.E P03 X* 10- (F:5)

1 F A--, 23-:17 E:FF3-: 1, 7
XFA4R C: t) LHI Ei. 4

I F AE:R CvsE:0j IH I Pu 1 A 3uO

I FAC R 4(%C:() STH Ri 1, 4

IlEUP, 2AWt2 AEP P. Rz
I FF:2 R c05STE RL., 8 (R5)

i~t F eJ% F, 5 SE E 6, X 10 (Et-o

I F[APR Cs5 ME RoL.. X 2FE (-

lI SER 5A& A E R6 &X 14'(R'-)

1IFCZ20-% 604--5 STE PC-, 12ER5)

I FCc liA EQ'J *1
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TA'ZTIC~l-$ SI~uT1ION 11MLALT ICN PRCIRri FPAGE 6 i
I FC:6.R 4~:)LH RS, M1APFLG

034E R
I FCA.R 4500:~ CLH RED, r'AFWT

WFER 428() ETC 8,, E:-ENCAL
2OI)4R

IFC'2R 6505' LE RQO SRO)

1F~..~cE"":'SE Flo SCxF
0:)321AR

IFf'A.F 4210 ET C 1, :-EfICAL
20Di4R

" OA~i.VERT 1ci BINARY
WDER< 4 1 (. EIAI R 14, C, Nv I: I

IFE4RF 46.11 LH R*9, XLCIC
1)340

" C:RT 1 CC h;TI-JA.Ir;

IFFoR 45?f-: CLH F1711RX (KR1I)

IFF'1R 422(- S-TC in SENrCi:A

1FFwR '4BQC £'H R', /,X R1

WQuR C Q XHI RS'. R-

202 C 9-NHI RWj 7F

2001 R 132.E2l, SE R9), XSI?

2Q1l.zR 421')1 E:TC' 1, 'sErid':L

*CO:NVER:T TOCI E I NA.P Y

20A 4.,~ 1 OBi R4,CNE

2:'1 ER OMR Dc . i YLC

2024R 4 1iKo S-Tu I I ,NA
2v F:
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TAC::T IC: ML S ITUA TI ON SI MULATrIO3N PROGRMI PAGE 1 7
Y CA( CULATIONS

2 03R 4 E-: S H R'--, YR (Rl1)I
00 12

2('o-.4R -07 8 -,XHR R:E. R::
2 0:36R 4[1l5E: £IH I:3 INl-'> 'R1 1)

00 1 Q

:' E R ' :'7 EH R RE: R
200 70XHI R58, X 7F'

20.(44R C 4C:0' NI R::3, X 7F-

2u'4G:R El4:-- 5 CLE: R8 x :3:3 (RS5

204~54J £TC 3, TRvX
20t)6E R
2':i5L P'A LF 510, X L C:
03 4 A F:

2 054R f111:5 LE.: R512, X '--2~ tR5)

20 )5:-:R E: Al 8:H5 R1, R12
2OSP-.AR ~ CH I 5i10C)

205E 94 1 S' 2

.(-.. 4.,Z"( L-TC E, OLITLOC

20(.F*:AR 420B:,--: 0. :EENCMl-
20C f,'4 R

*TRY X CALCUL'ATIOlN
206E5 R R TRvX LE: 5*9-, XLIX:

2(.5 i4', ALE RR 5~

24)7AR Q C;( *--. LHS R510, 53:-
20()7 C5 [I:-3C5 LB E PR12, X : R (5)

2(1:21H REM H R IO, R12
2082R C:M HI R10. 1

000:': 1
221--,A E:TES 2, 10

20.,-C R C:'RM/O C:HI RIC), -1

40 28 oTFSS. 5

2 ',R 4 P.

*OUIITPUT LCILAI:Mri'r
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TAC: T I C V S ITUA TI ON S IMLATI ON F'ROQ4RAM PAG~E I
C'LtlA OTL'JC EOU..

209AR 0285 STS: R;E, X*:3' '(R5)

20' ER E12:3~0 ST S' R*, M1PLF +2
0-:5E R

20A2R 03:~80 LB R8, XLC
034AR

24:)A6 P12*5 S T [ Ri= XZ 3 ' (R5)
0012

2OtAAR 02501 S T f R:3, MFIAFL'iF+ 1
0WOR

20AER 0I:85% LS R&T (RM

20M~ Di:.8 L R R8 Ei:, [..ITSL- I R::.
20CI R

206E6R 0284.) T B R8, r1lAFE:iF+3
03S5F R

20D.AR Ello( Svc' 1 CIE-:.LCIC*

20SEER 4300) EFC Q) SENCM-
20W4R

2OC2P 2':A Ci:IE:.Tf-;L DC! X'ZE3V * x 2*200)

20.>.F 20:20 NXT$ECE:ER R2, Ro
20LC8F: 6.020: STE R2.0R SAf:.Fr,3VE RErlAlr~Iri'3 DiISTANCE

2QCC R 4 1 E0) E:IAl R14, S-E TOF -.ET LIP NW C'f-:.JEC T LIST FOiF. r'd0 :.E SF

20 POR 4300) F:FC o. tAXT2
1 EFC R

2o 0)C4R SErJCAL E01-i
20D4R C87(.1 LHI R7, AC:TSEN

16.34F:
2OP3FR 078cE: XHR R8, Rc8
2('['AR 48')LH R'J-, SErNSNC'~i-

20PER 2791 $1.S R*7, 1
20'E.iR C:E8A0 LHI RI1O', X 22

20E4R 0:C:c:A MH-R R8, Ri1
2 OE6~R 000 LHR R8E, RiQ
20E8R CIAQ7 AHR R'-'.R7

2()AF*NATSEN EI.1I *
2(dEAR P3TA7 LB: RIO. 2 R7.1

0001(2
20:EFR WWE', LHF< R10, RIC,
2O.'FOR 4' L -() IMC 3 NXTvAL

2200~F.
20F4R i:I'rT7 EM"
2oF4R 600'.' LE RO, W18"CR7)

00 M:

2 F R C t§.1 cl oil RIO, I I CILAv T FEF-,i:-CU r'IF L

21UOR 213:4 :TF S 1:,4
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TACTICAI- SITUATIOIN S-'Ir'LATION PR':":.F'Ari P'AGE 19
21CZc~s:I LE RCA, C'0

21 06P 23z-0& BFFS 0,
2 1cu-,R of-Ao CLHI Ri'1 2 IS cIEJECT WHEE1-

004)2
I1OCR 2):S: BTFS 3., 3

21 QER .:.CCW) ME Ri), C:OF/,c.
07R

2112R( .: -:: :f- L F PSi, _:(R<5)

211'6R 6sE:i7 SE R::-, 12 ( R7

00)C 10
21 IER Cd4 B, ) NHI 6<11.X'7FFF' AE:SCILLDTE VAL- OF FP RS

7FFF
212<4Qf)-:Q* STH P11. X 10-

o)( Ic:
21 26RP ~' CER RE:, PC
2 12,c-: 42,20 :TC 2, NxTvoi-

224)L"F.
21 2CR 68EA5 L F RIO, 12P,(5)

21:306 .:,:A7 SE RIC), 1c-((7)

2 1 4R 4:::. LH Rl11. A- 14'
0614

2 1.31:R C.4E() rNHI P11 X 7FFF'
7FFF

21 :3i76 40Ep STH P11, Xi'4-

2144.P 2')0 C:EP Ri1:(.,PCI
2 14 2 R 4 22 BT'Z 2,NXTVAL

22(.'-.
S'*AV.E IE TECTICIN RArDIOS-

214&.R '6.CC.~) STE Pu. DEIPArj

214AR 40At) STH RP10,. CL, T P
226:E R<

2150R16 2C:AA MEP RIO, RIO~

2152< 2Ac:A AER R8, RI1
2154R< .Ci): STE RP=S, W

24FER<
2 158 [,:-,A7 L6 13 :' 3R

215CF: ' LHR Rio. PlC
215ER 233 FFPS 33'
2 1 606 4(.') 1 STH R I, CL-A*:FCi

*SET LIP' CAi CLILAT ICN

21 o-4RDo ' 4)SI R 12, PEG3$AV
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TACTICfA' SITUAT1ClN SIKULLATICIN PRL"..z:Ari PAG.E 20
216CR 41F(C, SAL 15.$'iRT

2 17OR OoQ04 ()--o
'21 7IR 24FER tIC W
21 74R 6wo IS $TE Q', EMC'BC

254AR
21 7$R D')Co i ;T m R 12, FO'SAV

217CR 11 C0 Ul R12, REC-i$i;V
1 5FC:-R

4 C:HECK~ SEri'$CIR T43 CIE:..JEC*T' Dr $T~rfICE
2 1 EOR ~:~ILE R6. DETRAD

42 5R C". CE RC. SN'C
254AR

210F 1~.()CE Ro, FRi4;iA E

2 1'4 R 4 21:uk IE'.T '8,,iy

LER 1 (-,

* CmECI:, TtF&E

0) --:-:4F'
I1 Ac-R 4 [:FC N: ATd kif 1

.IA~ AP,*I 5TH Roi. CLA,:-FC

-'1 Eo 4:::0 LH RI11 II

21 E['4i 4.1-'A() H RI (-), C i.,

2 1 R L 4[:-.) NH I FWV7,X7F
7i-FF

21f~F~ 4~f.''S.H RI1,1I

2 1 f IR 4 4f,. CL H RI 1 C4ATE

2 1C 4F% 2 1 J- A E 1 2 i1)
2l~. 1 2. NCIf-

2 1 f: ; :MA. LHI R 1:, 1 1

21 c- R I k.0, R 7
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rAi-rICAL C;ITIATICIN -SIMULLATICIN PRR:AM F'AcsE 21
21FC;R

21 D;8R 4,c$E0 FAI- .EC: LH RI 1, CI-:...TF'
22?E R.

21 EIC 1; 2 7 01i ES -- Ru, 1
21 LIE R (7AA XHR Ri10, Ri10
2 1 ECR 4CAPO' MH Ri10, L V5

21E4R 4,zA C LH R I), I I

I E "-:R C4AO NHI R It') 2

2 1ECR M .I S R I RIC), 1
21EER 0-AAR A HRF RIO, Ru

21FoR AiLt L1 1,FL~(1 FETCH FALSE IAI1:T~f
2210PR

21F4R Ci=:A0 LHI RIO, xI-

2 1 Fc:F.,~ AHR RiQ, R12
21FAR CIAO 7 AHR RIC), R7
21 FCR E : -- 32-:A -,STC'REC- LF P iC R 10

220(.') 2 , -: 1 AIPS Ri:-, 1
2202R [12,-, SJ 14 R:3, O.R I Q STORIE NFW C:C'L'NT

224)&R C: 17(- rNXTVAL- EXLE R7, rNXTi=.Ef-
4 2oEAR:

2 2f R 4z).* 14 EFC 0, NXT 1

22( ER CIP:JTP rliE; 2 CIE:.ECT TYPE
221 'I''0 3 FAIL TP-L iC, X *20:-- x X 3 x. 102'

221'.R'frIVFF' EC'U
2 21 1:. R D.14-.0 $r ., LE':

211AR 244z.7 LIP. R6, 7
221R 4:E LH R.=,, (R 14)

2 22fR 4:E5 L H R;E: Co R,1-1
(00C)'f

S4: ' LH R7 2(R14)

222 :R 4:'LH R~';, 0-

222C~ ~ RS:-E 
T 'F'

222R 05.)NH! R8 X'FF'
OOFF

22 3(lF '7AA XHR RIC), RIO
22:-2R (.7EL XHR Ri 1 I I

*NEX4T TRY
22*3-4R .CS NXTTRY LHR R 12, R:
223:.R 27.1 S1I R /-, I
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( r~~TCTICA~L $* lTUArICtrN S;IMU~LATION FROGcR~i PA~C.E

224oR 42%') ST C ?,ORRFXIT
224C:R

2244F: E t -' RIL RO, 4

2?46F: 4 g0 D-FC: 0, NXTRY

'OR EXIT PATH

2 24 C'R CRE X IT EC1U *

224CR CCbrQ CIH I R/-, X 40

'2250'R , 4 ~ E)XI3R R6, R1-.
225-2 R O CHR R 10, Rtb

2254R 01-c C1HR R10 I RcE

22 5,--,R () bf.: CHR R 11,R'--

(:M 10'
22C, R 400i) TrH R11.X' 12-

(i ~.')o 1

22$~ -'=.' RR :;~

2*2/- 4R 4-.:,.'E P F C. 4 R14)

*EFROR RC'L'TINF
E2$F E1202 E R RCR :-V' 2, FR

2-c/.,CR 4:OifF: 0~, Ed. 1
24F2R

227QR Q'7 C ERR E14 7, 16. C 'CONVE'::i ci' ERROR'F

4E5, -

4F4E

4F5~2
22E:4R DLEE~/ l--. 24

22*:-,#CR CNVE I En"j *

22AORf 7C XHFR Ri), Rt-

2 2 A R. ")71C X(HR R 12, R12

22A4F: Li'A.u L P. R I(),

22 A::R 25111 LC'$ R V3, I

22AAR C:4AW) N~HI RICI. x F

22A~EF: 40( .T H Rlid. EXF'

2iE:02k1Li L S RI .

24:/R' L'= *:-:L RI1, 4
FAC TC'I- 1
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22 S'E R 4LMO ft RIO, FACZTCIR

QA" 11OM AH-R RI 1Ri I

2'34 CR

2 21C-,R f:f- LE: Ri ll I

2 2 VR fE-CI NHI Rl1, xF

FAC'TCR 2'

22C4FR 4 1 F' EL R 15,ICfACF

22-' EcR 0A XHR R I () RI10

I 'DA-~ 4C(') MH RIO, FAC-T OR

2 2 E R Lf,3 AHR RI 2, RI 1

2 2; E P.6110 AHM R 13-:, EXPF

22Edk 4:-::FC 3, ExIT55

22''F F1 :: E: i) L E Rii1,2

22EF-R ": IC SRI ' RI 1,4

FAC:TC'R 3

22'EEF 41FQI SMI- R1ITCL"

21 - - F i)7AA XHR Rl), RIC$

''t-4F 4':I 11H RIO, FAL.TL'R

r' OMC-: - AHF. R12, Ri 1

22FAR 6-1 DO AHM Rl13-: EXP

22'FER 4"3 --:; -' E:FC: E3 EX I 15 5

2::.)o2F I i i E LI RiI ,2

C''R ,4 Eo NH I R1 1, X "F'

*FACJOR 4

2 0: AR 41 iFO SAL R15, C:A1.FA

230EFR 070AI XHR RIO, RIC)

2: R4C' MH R Io, F A-CTOR

-2 1-14F: 2QMMT: AHR R12, Ri 1

2:::6 61N)A41C-F: EF

2322F:~~~ .:,L: R: I 1, 4
* FM': Ti-r.
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2324F: 41Fu 1AL R15, CALFA

205, R

232SR 07AA XHR RIO, RIO
212AR 4CA0 MH R10, FAC:TOR

2?:8EF R

232ER OA'CB AHR R12, RII
23:3OR 61 DO AHV'I RI 3:, EXP

21:34R 410 PF- 3, EX I T55

2 "-8R 136 L- RR
2-3:3:-:R £[*:E,' LF: R1 1, 3:

000 -:

23-: C410,-) NHI R11, X"F

2:-40R 41 FO BAI. R15o,-A'IlFA

2-44R 0701 XHR RiO, RiO
2i:4,.R 4CAN MH RIO, FACTOCR

2-4AR OACCt: AHR R12, RI I
* EX I T :E:FROFr

2:4CR EX I T55 EOU *
204CR 43K.E LH R11,O R:14)

2W-5R 40C- STH R12, ((Ri 1

235"S R D I ,Q -') LM ~ R :., "-:LIE2'-;

2:-S92R

2'58R 432:E SFC 0, 20R14)

CALCU'LATE FALITOR
2-:5CR CALFA EIDU *

235CR 2411 LI'S RI, 1
22:5ER 4010 STH Ri, FACTOR

2-::.2R 4880 LH R.:, EXF

23:6.R 278 SIS RL:, 1
2'6-R 033F BFCFR i, R15
236AR C:., LHI R7, 16.

00P.)

236.ER 278 1 EIS R:-:, 1
237R 2.3f:r EFF-: 3, 11
2372R 420i. NOP

23:75.R NEXTIL. E0LJ *
23-7.R (O7 -. XHR R5., W, .
2378R 4C.) MH R/:., SI xTNN

237CR 27E:1 Sl. ,  R-:, 1
2:37ER 2_M:': E:F F:; :., -:

23:-',) 2205 E:FSS 0, 5
2 3:-:2R 42'.) NOFP

2 -- ,R Fw. T 17 E00U

2 ::' 6.R 4u t., ETH R-, F, C t1- I
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2- - 0F -:C3F SFC'R 0, R 15
2 R 01 1 X INN [DC 1I

FACTOR DS 2

Jr.EXF P 2

El;))I 1 2
AIDOLS ECUL 12

2'3 AFA [R @ ST ri REIS::MYA
1 SFC R

230:EN [ fI C:L P wOlRL '.R

-3ER 40C TH WC'F1 LUI

245-4 R
*Lcion ic' VALUI-E IN HFXA

20R4100., CAL Rich INDEX

):i3,EF~~ £H: LR' R:3: (3

e 2 0 0 1 : ,:R

~WAF' f)7:~: XHR Sp:

2S F F: l A~l f :,-

*CHECTk FOR ['ATA TYPFE

[(P '33L: R::. X *l1E R'-.')

2'El4R:i :u: LHR R: p:

230C-F P. '::4 LFE F 3F 4
230SFL 45LIE: R:3:,3

23CIA.F: 4 10 (CC 0'I Elr H D
2:-::-: FR
2311'EF~~ [P ~ Lx- ::, if' PSR

2 E2F 5::E LHP P'S, R::.

23--E 4P 2333: LE:' :"

2':3E6P 2 ...:2 L I'- RIPC 2

23:E:P 23:5.): EFFS- 0,85

23--EAP [:-.:E:3- LU: R:E, XA 1' RP3

2t:ERQ:8 LHR p3,RE

2F2P 2431 L I: PSR-, 1

2 .F 4R 2 302 Z-r f CFF'-0 2

F1F: P 7:: XHR R: : S
/ --FSF: EENID En's1- * ~ ~ UL. IT

2 :3: C:E'. Ai-I p3:, 5 2 M~LS '

2C F 1C RA""IrI' I E: W WlOFF~ SHIFT ['ATA

2 :FRP,( h W'~,F

2400''--~'I L' ~I~
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TAC TICA- S IT'jATI C'N SilMULA TICK O RCS:Ari PACE 2
2 4 (-2 R 4C o'::T H wC'Ft, DATA SAVE DATA

2406-P 4:z-'.-)( LH R'.-), T IMEi
24 7C:R

24C0PR L:::c Lr.R R:,8P
240C-R N4HK tI R,:, x'EO)0

24 10R 1 C94  SL LS 4
241R 0:4*-:fl NHi I PRE, xEF

241&E x45 EDR R'=-RS
24 IS "c.<C'HR P'PS1ST BYTE R:9 HAS HP

241AR DFS. L1 PS E-, TIME-'4

241CER C-43u-i NH! I PS., AXE

2l42-2P R6 C'H' RP9, RS LS [-.'1 MIN SET
2424R D S$0 L E: R:=:, T I rE+::

24 7FK
242-:-: R F4§'1, NH! P:S, XE'

242C $4 LuS :z3 4
242E:E Rk' C'HF M9 S E:I 131 MINr E T
24 SC-F: 40+ SIN R T I MEI SAVE MSPITE.- OF TliMF

S44P 4R 4 LH PP T1Im E6
24:2

L4 :AR C 4S NH!I R-' X Eu0)O

24S-:E R, -- '4 SL P9 :, 4
244Q.R 14.E u NH! S, F

2444P '.-'4:::;-: EXEBR PS, RS
1244C -R CIHF- OH PRE:P
2 44S-;F 43T:1h L H R7, LU GE T L U

2 4:-:4R
244C R L§: LH RPS, ['lsTA GET DATA

2 4 5oF. 4:::-Cu L H WC'FJ. P TI rip 1 OFT TI ME 1
24:--:--R

2454R 65 AEL R 7, 1INFI'7

2 4 5SF:- R 5: AP:L PS-, I NFC'
;245,-,RF

245CR styALL WORKJ-, INrF'O-
2 45-AF:

24e OR P-* AUL RV', IrIC ADD SE~O

24/zAPR 2-,4 11 L1SZ' P1,1
* .ST S=-Ei'JE:.lR FLAG

24&C.-.R 11 ,IE S IB Rl, 2(P;fl

24 -R 1'1 Of): Lri1 Pu,PFEY

242.F'k.- LE R0 4t(PS
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2472R b-00_: STE RC),R:

2474-R E30 EECl- R 0Ri I3.
24 7 ER 000$):_ RE'TIME DC T~ TItlE

247CR
247CR T IMPE ' c

484 R LU 11 vz 2
24:$6-R DATA DE. 2

2 4 -f AR I NDEA ElO *

24A.R 27 Ci 11 W0F; 1.D:i

2CR CSCLHI WCRK, CNvTAE-!W0RK)

2497*0 R L'C CE: WORK, 0' CR.) FETCH INDEX

24g-/4F: 0000') EEC R 0, R 10
24NV--1& EP'.

4'1 : 151& e. E: X 151i_-
24':)-;:R 17 1',- Ell: V 1719'
24'-1AP I1A1I r":. A iI2:P
242-,C R 101E DC X iDlE'
24"ER IEEE E'C X iFEE

24 A 2R 272, EC X 2 7
'41 I4R 2Wi: A 2rA?2

4A'P UEDc X '2f'2E,

Z 4AAR" 35. C* A$5'

24iAER , :7:.: DC: A 373%'

24D u R 3-;f'1:E 11C x $D3E
24E:'2R '-E.E FDFc~ X'3E
24D-4R 05i),L IC X** -na
24E:*-R 0)705'- DC. XA Y'
2 4 1: -:R ''MOE: 11c, X A (-)-:,
24E:MR ODORE EDC: A)-,E
24 CCR 0FEE DC' X FEE
24DER 1112 DC X 1112'
241-OR 1:32 1C El x I ri;_,
24'- 2R '''3- DC x 2?,_-
24' 4R . 2 DC' X 3
24 0'.R 3:' ~F [1C X F
241 iR 14 15 ; DC: XA141.i:
24L.F, 1' C'4 Dl' X IC24,
241 :,'R .rCl- Ei XC *'2-:
24CEk 4:-A-;:-A: 3W- -

24D0(.R D DC X '$-CEE
2402R 011)2 DC, A, 102*
24D4R 0;30)4 lC X 304,
24D'LR 8 -)i C lC A C
2 4 [1:--S: 162f) Ell- A 102)

2 4L'1--R 1.060i DIC A F

: fLE u' Er~l-ISC EN L'C* 7, 121 C E-E' j;E~u I C'
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TAC:TICAI- ';ITULATICN S_--;IMULATICIN PR'C.F:,Arj FMAE 23:
454E
4420
5::: 4:

454E
4152
494F

24EFR E 2Q EN1r-2:N ';VC 2, EN'CEN
24- [EFR

2 R E0.-11 E 1 _1 -

24F2 [1 0 LM R'i, F':iAV
14. 1:, R

24FcF,- EXTRN .V
24F.R 4! F QAL 15, V

()(ii,:. F

24FAR DELTIm D-; 2
24FC i SiET I t i I'E; 2
24FER W L 4
25 2R x D' 4

25iAi. I rI TE:-.x Li'_- 4

25OiER If4 I T.-. ir 4
22RCURJRX Li- 4
25 RCURRY L' 4

IEL Tr L- 4
5 1ER FE.TM D-; 4
52R ENrjX [1:, 4

2 52 .R ENDY EiC. 4
'252AF, iURRri El. 4
252F,: 52PA [ il 4

25 -:2 R E: fl.:. 4
2 5.3 R i':[* -; 4

25:3AR El Ex-x ; 4
2 5:;E R E '-: [1,':; 4

2542R -ENY [': 4
254 .R EiE TRFi I'-, 4
254AR SENCIE:i 1  4

254E R A TR F. Li.-: 4
2552R CLiRri R £-13 4
255(..R 4273 i":2 [lil X 427:: , x

255AR E r,i
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