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ABSTRACT

CASTAG is an interactive two~sided computer wargame
which models the movement and detection functions for the
manual naval wargame SEATAG, developed at the Naval War
College. CASTAG is programmed for the CP/CMS time sharing

system on the IBM-360 at the Naval Postgraduate School.
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I. INTRODUCTION AND BACKGROUND

A. THE NEED FOR AN INTERACTIVE COMPUTER ASSISTED WARGAME
AT THE NAVAL POSTGRADUATE SCHOOL

Several curricula at NPS study wargaming techniques.
The courses include manual wargames and computer simulations
as part of the course material. At the inception of this
study, none of these courses had access to an interactive
computer assisted wargame that could handle the mundane and
time consuming plotting and computational chores of wargame
bookkeeping.

The Warfare Environmental Simulator, WES, is currently

3 laboratory at the Naval

being made available at the C
Postgraduate School. The WES program is run at the Naval
Ocean Systems Command (NOSC) in San Diego with outlying

3 Lab and CINCPACLFT in Hawaii

command centers such as the C
served by secure data link. WES games will be played on a
strategic global or hemispheric scale and will try to
approach real time data handling.

WES has several drawbacks for use in a general unclassi-
fied wargaming class at NPS. WES must be played in the C3
laboratory and depends on an outside program located in
NOSC's computers. The security requirements and limited use

of the c3

laboratory rule out extended use cf WES at NPS.
In addition, scheduling of WES games to support all curricula

would require intercurricular scheduling and concurrence of

NOSC.
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There is therefore a void in interactive computer assisted
wargames available at the Naval Postgraduate School. A
medium scale naval wargame, tactical in scope and using the

computer for bookkeeping functions is needed to fit the re-

— gy AN e S A - i s g

quirements of the wargaming courses. An additional require-
ment would be for a game to aid training of naval officers
in tactical decision making. A game is needed that serves

the traditional wargames functions of tactical analysis and

X oy A A o A e

education.

B. APPROACHES TO THE PROBLEM AND LIMITS OF THE THESIS
In this thesis the existing manual game SEATAG is part-

ially programmed and implemented on the hardware currently

A e e v ——

installed at the Naval Postgraduate School's computing facility.
The program requires less than two cylinders of disk space

; and is a self-contained game employing two terminals with
appropriate screening of information. Changes in game para-
meters can be entered during overall program execution. The
program calculates movement and processes all detections,

with actual engagement results and damage determinations

computed manuaily. The program also provides hard copy out-

put for the participants.

C. SELECTION OF SEATAG

Selection of an existing manual game to convert to an
interactive computer assisted program rather than the devel-

opment of a new game was necessitated by this project's

s
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completion date. SEATAG, a publication of the Naval War
College, was selected. SEATAG has the advantage of being an
official publication with reasonable and accepted assumptions
and methodology. The SEATAG model used for this thesis is
unclassified and does not contain classified performance

data on the various platforms. SEATAG appealed to the

author since it emphasized those items considered important
without getting involved in a morass of detail.

Although there was a constant temptation to improve SEATAG
in writing this thesis, the computer program is as consistent

as possible with the rules, procedures and assumptions of

the manual game.

Throughout the remainder of the thesis, SEATAG will refer
to the manual game in its second edition from the Naval War
College and CASTAG, for Computer Assisted SEATAG, will refer

to the game as programmed in this thesis.

D. CHAPTER OUTLINE

Chapter II of this thesis examines SEATAG in terms of the
playing area, scale, game flow and procedures for engagements
and damage. Chapter III describes CASTAG with descriptions
of all CASTAG subprograms and models as well as how inter-

active two terminal operation was achieved. Chapter IV is

a user's guide to the CASTAG program with emphasis on the
inputs and outputs. Chapter IV with a copy of the SEATAG
rules is sufficient documentation to play CASTAG. Chapter V
includes comments on playability and suggestions for additions

and improvements to the CASTAG program.
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II. SEATAG, THE MANUAL GAME

A. HISTORY AND DEVELOPMENT OF SEATAG

SEATAG, Sea Control Tactical Analysis Game, is currently
in its second edition. SEATAG is published by the Center
for Advanced Research of the Naval War College.

SEATAG was originally developed in 1975 as a research
and analytical tool for evaluating the then new Harpoon anti-
shipping missile tactics. The second edition is an improved
and revised game which is available in an unclassified
version.

B. DESCRIPTION OF THE PLAYING AREA, SCALE, ENVIRONMENT

AND PLATFORM CHARACTERISTICS OF SEATAG

SEATAG is a manual naval wargame employing two opposing
sides Red, Blue, and an umpire Control Group. SEATAG re-
quires three rooms with sufficient desk space for plotting
and record keeping, one room for the Control Group and one
for each side, Red and Blue. The minimum number of personnel
required to play SEATAG is three.

The Control Group performs the umpire functions of intelli-
gence dissemination, detection and damage disclosures and
the analysis of interactions during weapons engagements. A
Game Director heads the Control Group.

SEATAG comes complete with several grid sheets and card-
board playing pieces to represent force units to be used

as the master plot. The grid square scale may vary from

. it - dgoranes wmine —me e -
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five to thirty nautical miles per grid square side. Loca-
tions are coded by a four digit code representing the center
of the square and squares can be subdivided into one hundred
sub units.

Capabilities of the various platforms are provided on
characteristics in Annex C of the SEATAG Rulebook. Char-
acteristics of forty types of modern United States and
Soviet ships and aircraft are supplied. The SEATAG data has

been taken from editions of Jane's All the Worlds Fighting

Ships and from Combat Fleets of the World 1978/1979: Their

Ships, Aircraft, and Armament.

SEATAG is limited to two environmental conditions, "good"

weather and "bad" weather. One or both may be used in a

game. Bad weather effects aircraft and helicopter operations

in the same manner and limits all surface units to 15 knots
as well. Bad weather degrades sensor performance in terms
of range. 1In addition, each twenty-four hour day is divided
into light, from 0600 to 1800, with the remaining 12 hours
dark or night. The only effect of dark is to prohibit
visual sightings, and any air operations must be made by
IFR (Instrument Flight Rules) capable aircraft.

Rules of éngagements with several options are also
included in the SEATAG Rulebook.

A supplemental resource variation is included with
hypothetical costs for the units. These costs are useful

in determining the relative balance of a given scenario.

L




C. GAME FLOW, AIRCRAFT CARRIER AND SUBMARINE OPERATIONS,
AND SURVEILLANCE/INTELLIGENCE PLAY

The game flow is graphically depicted in Figure 1.
The initial decision for each turn is the time duration

of that turn. This is specified by the umpires who look

ahead to see what the engagement intensity is likely to be.

o o <7

The minimum time step is twenty minutes if the smallest grid

size is being used. A one hour minimum is specified for the

e 20

larger grid scales. Red and Blue then make their moves and

specify any engagement intentions to the Control Group who
then record the moves and disclose any detections to the
appropriate sides. The Red and Blue command centers then

adjust moves based on this information. Umpires play out

the adjusted moves, play engagements, and provide each side
with results, additional detections and the time length of
the next move. The adjustment phasc allows units to respond
to detections as they occur rather than wait until the end
of the game move.

The SEATAG rules provide a number of tactical hints on

ship positioning, task group organization and submarine war-

fare. 1In addition a CV operations section provides a simpli-
fied but realistic approach to CV cyclicai air operations.
An around-the-clock defensive posture is provided along with
a selection of surge capabilities against various threats.
Surveillance and intelligence has been distilled into
three levels. Each side is assigned or allowed to procure

Level I, II, or III. At each day of play at times 0001,
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RED/BLUE SIDES TIME CONTROL GROUP

Game Director specifies
length of the move to
each side.

Command centers make
moves and specify
engagement intentions.

I e v e AT =t e ot FWA? 3 M .

Umpires for each side
play out moves and
disclose real time

! surveillance information
to each side. _ _ _ _ _
Command centers
adjust moves based on
surveillance data.

Umpires play out engage-
ments and disclose all
other intelligence and
detections obtained
during the move. Game
Director specifies the
length of the next move.

Command centers make
next move.

SEATAG GAME FLOW

Figure 1




0601, 1201, and 1801 a random number is drawn for each
surface ship, radiating aircraft and submarine traveling in
excess of fiteen knots. In addition another random number
is drawn each time a unit uses HF equipment. The number
drawn in both cases is used with supplied tables to determine
the level of information to be provided to the other side.
The level ranges from location information only to complete
identification, course and speed. Units in EMCON are less
likely to have information divulged than those radiating.
Civilian ships and aircraft may be included in the
scenario and are operated by the Control Group. Merchants
are not allowed to operate in a military capacity except as

part of a convoy.

D. DETECTIONS

A detection opportunity occurs when a unit comes within
range of any sensor. The information provided when a detec-
tion occurs consists of bearing only for ESM detections and
complete information including course, speed, altitude or
depth and grid posit for most other sensors. Sonobuoys are
an exception, with the amount of information determined by
the RN generated when the detection was processed. Additional
information, like ship or aircraft type and other character-

istics, is left totally to the discretion of the umpires.

E. PLAY OF ENGAGEMENTS AND CALCULATION OF DAMAGE
In SEATAG, engagement analysis is segregated into unit

versus unit interactions which are treated in a logical order

T
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determined by when they take place. The Control Group is

responsible for this function. The Control Group includes
a Red and a Blue chief umpire responsible for playing the
engagements for their "side"”, including tactical decisions

as required within the framework of specific operation

- ————

orders or rules of engagement.
Tables and curves are provided to calculate required
information such as targeting, weapon expenditures and number

of hits inflicted on a target.

F. TIME UTILIZATION AND SOME OBSERVATIONS ON ACTUAL
MANUAL PLAY

SEATAG documentation states that 30 to 60 minutes will be

required for the Control Group to process each move or turn.
Most likely, 80% of that time is spent plotting and doing
movement and Closest Point of Approach (CPA) calculations.

However, engagement analysis, once the CPA calculation is

made, is relatively straightforward and quick.

e e o am e e i kb n e i el
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IITI. THE CASTAG PROGRAM

A. OVERALL PROGRAM OPERATION

CASTAG consists of the CASTAG EXEC and three FORTRAN
programs - SEARCH, CHANGE, and UPDATE. CASTAG EXEC executes
the FORTRAN programs in the specified order. SEARCH processes
the input, movement, detection and output functions for one
game turn. CHANGE provides the user the option to change any
unit parameters prior to the next game move. UPDATE com=
bines each terminal's inputs into an updated data base ready
for the next game move.

Prior to execution, each terminal must have access to a
disk containing a compiled version of the three FORTRAN pro-
grams and the CASTAG EXEC program. In addition, one terminal
must have access to the data base.

Fighre 2 provides an overall program flowchart showing

terminal interaction, file management, and input/output.

1. Overview of CASTAG Inputs

CASTAG inputs can be considered in two groups. First
is the data base created by the Control Group. The data
base is discussed in Section D of this chapter. Second is
the terminal inputs required by CASTAG EXEC, SEARCH, and
CHANGE. The program functions associated with these inputs
are discussed in this chapter under the appropriate program.
Chapter IV discusses these same inputs from the point of

view of user data entry and as game parameters.
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2. Dual Terminal Operation

Two terminal operation can onlyv be accomplished by
each terminal accessing and executing identical programs in
tandem. The programs are designated Red or Blue by an input
at the terminal. At the NPS computer center this is the
only manner in which this kind of a two sided game can be .
played.

3. Description of the CASTAG EXEC Routine

CASTAG EXEC executes the three compiled FORTRAN pro-
grams and manages the file transfers between terminals.

The CASTAG program begins with a one time interactive
sequence in which the User Identification number of the other
player is input to identify the other terminal for data
transfers.

If required, the data base is transferred to the
terminal without it.

The program CHANGE is then executed at each terminal
by CASTAG EXEC. CHANGE processes changes entered by the
user to a unique data file containing the Red or Blue part
of the data base at each terminal. Following an entry to
identify the terminal as Red or Blue, an interactive sequence
at each terminal manages the cross transfer of these two
data files so each terminal has the same information. The
UPDATE program is then executed resulting in each terminal
having a new but identical data base. Finally, the user

is given the option to play another turn or stop.




B. SELECTION OF THE PROGRAMMING LANGUAGES

FORTRAN IV (G) was selected as the programming language
for CASTAG because it is a widely used and standardized
language. The choice of FORTRAN allows the utilization of
CASTAG on other machines and systems in locations other than
NPS.

The CASTAG EXEC routine is written in the Control Program -
67/Cambridge Monitoring System (CP/CMS) EXECUTIVE language.
Implementation of CASTAG on another computer system not
using CP/CMS would require reprogramming in that system's
file handling language.

C. FILE SPACE AND CPU TIME REQUIREMENTS OF THE CASTAG

PROGRAM

CASTAG uses approximately 186k bytes or 233 records of
disk storage. This requirement is compatible with the nor-
mal two cylinders of disk space assigned to a user at the
NPS Computer Center.

Table 1 lists the program and data files and record lengths
which make up the CASTAG program. The source code (FORTRAN)
versions are listed for reference but are not required to
remain on the disk once compiled. They are not included
in the total space requirement.

The largest of the three is SEARCH which takes 40 seconds
to compile and from 10 to 12 seconds of CPU time to execute.
UPDATE and CHANGE run very vast. The time they take is

dependent on the number of user inputs.




FILE NAME

CASTAG

- g

SEARCH

SEARCH

UPDATE

UPDATE

CHANGE

CHANGE

FILE

FILE
FILE

FILE

Cylinder Space Requirements for CASTAG

FILE TYPE

EXEC
FORTRAN
TEXT
FORTRAN
TEXT
FORTRAN
TEXT
FTO01F001
FT02F001
FTO3F001

FT04F001

Table 1

NO. RECORDS

9
77
63

10

10

22
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NO. RECORDS
(20 units/side) (50 units/side)

9
77
63

10

125
12
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D. CREATION AND CRGANIZATION OF THE DATA BASE

The data base contains current game time, the total
number of units on each side, and all the parameters for
every unit in the game. The data base stores the information
from turn to turn to provide game continuity.

The data base is created prior to the start of the game
using CP/CMS input and edit functions and placed on a data
file. This file is created by the player and must be labeled
"FILE FT02F001". Once CASTAG execution has begun, the data
base normally is never accessed or changed by the user
throughout the entire game.

1. Information Required for the Data Base

Game start time, number and type of units per side,
each unit's initial position, course, and speed are required
from the Control Group or Game Director.

Each unit must have a unique four digit identifica-
tion number assigned during creation of the data base. In
addition, each unit is assigned a second identifying number
called a type number. Directions for assigning and decoding
these type numbers are located in Chapter IV of the thesis.

The rest of theparameters required for each unit are
found in Annex C of the SEATAG rulebook. Characteristics
of two additional units are included in Appendix A of the
thesis.

2. Organization and Format of the Data Base

The first row always contains the current game time

in minutes, the number of Red units and the number of Blue
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units. Each of the following rows represents one ship,

submarine, or aircraft. All Red units are listed first

followed by all Blue units. Units are not required to be
in any particular order as regards aircraft, ships, or sub-
marines. Each column in a row contains the parameters for
a particular unit. Each column's description is provided
in Table 2.

The current game time is read from the data base
in format F6.0 by the FORTRAN programs. The number of Red
units and the number of Blue units is read in format 2I3.
All the rest of the data base is read in by row as 15I4.
All entries must be right justified. An integer format
was selected to facilitate input and output formatting.
Table 3 is an example of how a correctly formatted data base
appears on file,

The data base shows 6 Red and 6 Blue units. Game

time is 420 minutes.

E. PLAYING AREA, TIME AND DISTANCE UNITS

The game area is the positive quadrant of the cartesian
plane. A unit's location is expressed as an ( , ) co-ordinate
to the nearest nautical mile. The maximum X or Y value is
9999. Units with an X or Y value greater than 1000 will not
be plotted on the output.

Game time is computed to the nearest minute and it is
therefore possible to play game turns of as little as one
minute in duration. Speeds are computed to the nearest

whole knot.

24




Data Base Column Descriptions

— o
ARRAY
COLUMN FIELD
1 1-4
2 5-8
3 9-12
4 13-16
5 17-20
6 21-24
7 25-28
8 29-32
9 33-36
10 37-40
11 41-44
12 45-48
13 49-52
14 53-56
15 57-60

R i

-t

TABLE 2

DESCRIPTION
Unit Identification number. Each unit
in the game must have a unique 1 to 4
digit unit ID. An ID of 0000 is reserved
for units not in play. The unit ID is
not used by the program except to check
if a unit is in play.
Unit's current speed in knots.
Altitude or depth of the unit. Altitude
for aircraft is in thousands of feet.
Surface units must be at 0. Submarines
may be deep (2), shallow (1), or
surfaced (0).
Unit's course in degrees true.
X coordinate of the unit in m.m.
Y coordinate of the unit in n.m.
Type identification number. Each digit
represents coded information which is
tabulated in Table of Chapter IV.
Unit's maximum speed in knots. A
Surface search radar maximum range in n.m.
Air search radar maximum range in n.m.
Sonar maximum range in n.m.

Status of surface search radar. 1 = On,
0 = OfFf.

Status of air search radar. 1 = On,
0 = OfFf.

Status of sonar. 1 = On, 0 = Off.

Status of HF communication equipment.
1l =0n, 0 = Off.
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Table 3

Sample Data Base

i 420. 6
‘ 160 563 4511332 34 25 150 10
160 545 4881333 35 20 150 10
160 547 4481346 34 20 150 10
100 546 4701110 30 100 0 30

6
0 1 1 1 o
0 0 0 0 O
0 0 0 0 O
1 0 0 0 o0
: 0 0 20 90 900 5001281 450 200 0 c 1 0 0 1
i 71 10 1 225 510 5101293 120 30 30 2 1 0 1 1
i 1011 10 1 95 550 4732110 30 10 0 30 0 0 0 O
1022 2 2 90 537 4762111 34 10 0 306 0 0 0 O
333 11 0 90 495 4802333 30 20 150 5 0 0 1 0
] 444 12 0 90 510 4762321 33 25 150 51 1 0 1
555 17 0 90 521 4912347 27 20150 14 1 1 0 O
666 30 0 90 537 4612347 27 20150 14 1 1 1 O
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All distances in CASTAG are expressed in nautical miles

(n.m.) and all speeds in knots.
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F. DESCRIPTION OF FORTRAN PROGRAM SEARCH

SEARCH models the movement and detection elements for

- —

one game turn of the manual game. SEARCH is the first pro-
gram executed by CASTAG EXEC.

SEARCH consists of a main program and ten subroutines.

JE e

3 ; These are:

1. Subroutine MOVE (TIME)

2. Subroutine NUMBER

3. Subroutine DETECT (TIME)
Subroutine SPOOK

5. Subroutine ESM (I)

6. Subroutine DETRAD (I)

7. Subroutine ASONAR (I)

8. Subroutine NLPCPA (I, TIME)
9. Subroutine VISUAL (I, ITYPE)
10. Subroutine PSONAR (I, IPLAT)

— - ————
=Y
.

The main program will be described first followed by

the ten subroutines which make up SEARCH. Each of the

eleven sections includes a list of local variables used and

i a plain language flowchart for that subroutine.

SEARCH uses two computer library routines, UTPLOT and
LLRANDOM. UTPLOT is a utility plotting routine available
in the SSPLIB library at the NPS Computer Center. This rou-

tine will plot more than one set of points on a graph with

a different symbol for each call.

LLRANDOM is used to deliver arrays of single precision
U(0,1) distributed pseudo random numbers ac various locations

in SEARCH. LLRANDOM is accessed by CALL RANDOM.

27
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SEARCH uses an extensive common block, which is identi-
cal for all the subroutines. Many variables and arrays
in common are used repeatedly throughout the program. Some
are used in every subroutine. Definitions of the variables
in the common block are found in Table 4. The arrays, all
of which are in the common block, are defined in Table 5.
Referring back to these two tables will be necessaary as
the information is not repeated in the subroutine description.

1. MAIN Program

The MAIN program dimensions all arrays, initializes
variables, zeros out arrays, reads the data base from the
file, reads the user's terminal inputs, and either calls
subroutine NUMBER or reads the random number file. Following
the call to subroutine MOVE, the data base with the new X,Y
locations for each unit is read back onto the original file
and two new files are created, each with only Red or Blue
data. Next, a cal} to subroutine DETECT calculates all
detections for the game turn. Finally, UTPLOT is utilized
to output two plots on the offline printer.

The MAIN program is executed by CASTAG EXEC. MAIN
calls three subroutines directly: NUMBER, MOVE, and DETECT.
This turn's game time is supplied to MOVE and DETECT as an

argument. Library routine UTPLOT is called as follows:

CALL UTPLOT (XPLOT, YPLOT, NUNIT, R, 1, NGRAPH)

e gt oS TMALT s v
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DTIME
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EPS

ID
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IFOE

ISEEDL
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ISEED 2

ISEED 3

NRED

NBLUE

NCOL

NMAX

NWRITE

2TIME

3 L as o VR TG e

Table 4

Description of Variables in the SEARCH Common Block

Current game turn's length in minutes

Used to check for zero in the denominator
prior to division. Set to .001l.

Tells program whether it is Red of Blue. Also
used as third subscript to access the friendly
information in array DATA.

Third subscript used to access opponents
information in array DATA. Set opposite of 1ID.

Random number generator seed used to determine
permanent percentage of maximum detection range.

Random number seed for numbers generated
determining HFDF detections.

Random number seed for numbers generated to
determine intelligence detections.

Number of Red units. Read from the data base.
Number of Blue units. Read from the data base.

Maximum number of columns allowed to be used
for information storage in the data base and
in array DATA. Set to 15. Maximum allowed

by array dimension is 20.

Maximum number of units that will have random
numbers generated for them. Set to 20.
Maximum allowed by array dimension is 50.

Used to designate the off-line printer as the
output device for a FORTRAN WRITE statement.
Set to 6.

Current culmulative game time in minutes.
First number read from data base.
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Table 5
DEFINITIONS OF ARRAYS IN SEARCH COMMON BLOCK
CPA (50, 2) Read array holding calculated ranges in

column 1 and bearings in column 2 of CPA's
for up to 50 units

e A s 20 A~ . o agpvey

. ———

DATA (50, 20, 2) Integer array in which the 2nd and subsequent
lines of the data base are stored in. Each
row holds the information for one unit,
usually subscripted by I. The Jth column
holds the Jth parameter for the Ith unit.

The columns have the same meaning as in

the data base. The K = 1 level is all the
Red units' data. The K = 2 level is all the
Blue units' data. Note that only 15 of the
20 available spaces for unit data are used.

e —D - g~ e A

DICE (50) Real array used to hold up to fifty U(0,1)
random numbers from a call to LLRANDOM.

ESMDET (100, 5) Integer array holding ESM detection data.
Each row holds all the information for a
single detection. Columns one through five
are interpreted as follows:

Column Info

1 Type of radar detected

2 Bearing of that radar
at CpA

3 2nd and 3rd digits of
type number of the detected
unit

4 Unit ID of emitting unit

5 Range of CPA of detected
radar

HFDF (50, 4) Integer array holding HFDF detection data.

Each holds all the information for a single
detection of a unit. Columns one through
four are interpreted as follows:

Column Info

Unit ID of detected unit

2 Type number of detected
unit

3 X coordinate of detected
unit

4 Y coordinate of detected
unit

30
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Table 5 (Con

} INTEL (50, 6)
an intellige

! all the information on a single detected
unit. Columns one through six are inter-
preted as follows:

H Column Info

6 1 Unit ID of detected unit

: 2 First two digits of type

f number of detected unit

i 3 Second two digits of type

| number of detected unit

; 4 Course of unit detected

i to nearest 10 degrees

f 5 X coordinate of unit

: detected

i 6 Y coordinate of unit

i detected

: MINDEX (10) Integer array. First nine locations not
used. MINDEX (10) holds the total number
of detected units that will be plotted.

NROW (2) Integer array holding number of units on
each side. Set to NROW (l) = NRED,
NROW (2) = NBLUE
PRMAX (50, 50, 5) Real array holding the calculated permanent
percentage of maximum detection range for !
each sensor of each unit against every
enemy unit. With (I,J,K) as the subscripts,
the number represents the Kth sensor on
the Ith unit trying to detect the Jth
enemy unit. The Kth sensor are:
K Sensor
1 Surface search radar
2 Air search radar
3 ESM
4 Active sonar
5 Passive sonar and passive
sonar ESM
R (4) Real array holding the grid limits of the
X and Y values for the plotting routines.
R(1) = 1000.0 Maximum X
R(2) = 0.0 Minimum X
R(3) = 1000.0 Maximum X
R(4) = 0.0 Minimum Y
31
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Integer array holding data revealed during

tinued)

nce segment. Each row contains
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RADAR (50, 20)

SONAR (50, 20)

XPLOT (50)

YPLOT (50)
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Table 5 (Continued)

Integer array holding all radar and visual
detection data. The first ten columns are
used for radar data, the second ten for
visual data. Each half row represents the
detection of a unit. The columns are
interpreted as follows:

Column Radar Column Visual

1 Unit ID 11 Unit type number

2 Unit type number 12 Unit altitude

3 Radar type 13 Course in deg T
(air/surf)

4 Course (T) 14 X coord

5 X coord 15 Y coord

6 Y coord 16 Bearing at CPA

7 Speed 17 Composition

8 Target composi- 18 Range at CPA
tion

9 Range at CPA 19 Unit ID '

10 Bearing at CPA 20 Not used

Integer array holding active sonar, passive
sonar, and sonar ESM detection data. The
first ten columns are used for active detec-
tions and the second ten for passive and
ESM detections. Each half row represents
the detection of a unit. Columns used as

follows:
Column Active Column Passive
1 Unit ID 11 Unit ID
2 Unit type 12 Target type number
3 Unit depth 13 Unit depth
4 Unit course 14 Unit course
5 X coord 15 X coord
6 Y coord 16 Y coord
7 Unit speed 17 Unit speed
8 Range at CPA 18 Range at CPA
9 Bearing at CPA 19 Bearing at CPA
10 Not used 20 Not used

Real arrays holding the X coordinates of
units to be plotted by UTPLOT.

Real arrays holding the Y coordinates of
units to be plotted by UTPLOT.
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XPLOT and YPLOT are explained in Table 5. R and NUNIT are
explained in the local variable definitions. The fifth
parameter, 1, tells the routine to plot every (X,Y) point.
NGRAPH can equal 1, 2, or 3 indicating if this is the first
(1), last (3), or an intermediate (2) set of pocints to be
plotted on a graph.

MAIN reads all the data from disk files required by
SEARCH except for three user supplied terminal inputs.
These are a random number seed, the length in minutes of
the current game turn, and whether the terminal is Red or
Blue. These are discussed in Chapter IV. However, the
turn length and game time control some additional program
functions not apparent to the user.

The program expects to begin the first turn at time
0000. In order to generate the initial PRMAX array either
ZTIME must be zero or the turn length (TIME) must be zero.
Consequently, to start at an initial game time other than
0000, the length of the first turn must be input as zero.
Note that in this case no movement or detections are carried
out; only the random numbers are generated by NUMBER. Any
time a game turn of zero minutes is played, the only effect
is to regenerate the PRMAX array with different values.

Table 6 lists the local variables in this routine.

Figure 3 is a flowchart of this routine.
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Table 6

MAIN Program, Local Variables

DISK Designate which of four files will input or output
for a READ or WRITE statement as defined below:
Variable Value File Type Purpose
IDISK 1 FTO1F001 Stores DRMAX array
NDISK 2 FT02F001 Stores ZTIME, NRED, NBLUE
and DATA array
RDISK 3 FTO3F001 Stores Red part of DATA array
BDISK 4 FT04F001 Stores Blue part of DATA
array
IMIN Number of minutes into latest hour played thus far.
KSEED Random number seed entered by user.
KTIME Calculated number of hours played thus far.
M Number of opposing units detected that are to be
plotted on the first plot.
NGRAPH Parameter for plotting routine designating number
of sets of points on that particular plot.
NREAD Input device for FORTRAN READ statement. Set to 5.
NSHIP Maximum number of units arrays can hold. Set to 50.
NTERM Output device for FORTRAN WRITE statement. Set to 5.
NUNIT Number of opposing units to be plotted on second plot.
TIME Length of current turn in minutes; entered by user.
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Declare integer variables
K Dimension arrays

Declare common block
Initialize variables

;

i ¥

1

! Read user inputs from terminal
and set random number seeds,

. j Read first line
' ' of data base

% &;ro out arrays

‘ Read the rest of
the data base

If game time=0
( call NUMBER:>¥——-<::0P Tt turn length)—NOsf Read RN file
is O

]

¥
REWIND random number file
Update game time

' I
[ [ 1
| If turn length greater than O, call MOVE
REWIND data base file :
' Write data base back on 3 files ’

Lff turn length greater than O, call DETEC?J

Call UTPLOT as required)

Flowchart of SEARCH MAIN Program

¥Yigure 3
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2. Subroutine MOVE

Subroutine MOVE calculates new X and Y coordinates
for each Red and Blue unit as a function of course and dis-
tance traveled. If a unit crosses the X or Y axis from the
positive quadrant, the Y or X coordinate respectively is
set to zero, keeping the unit in the positive gquadrant. Egua-
tion (1) shows the calculation of a new X coordinate; the
new Y coordinate is calculated in a similar manner using

the cosine function.
New X = 014 X + (.5+ Distance * sin (course)) (1)

One-half is added so that when the value is truncated
for storage as an integer, it in effect rounds off to the
nearest nautical mile.

Subroutine MOVE is called once per game turn from
the MAIN program. The turn's length in minutes is passed
as an argument. Table 7 defines the local variables and

Figure 4 is the flowchart for this subroutine.

ittt
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Table 7

Subroutine MOVE, Local Variables

Length of the turn in hours.

Converts degrees to radians. Set to
T/180.

Distance the Ith unit moved this turn.
Course of the Ith unit converted to radians.
Subscripts the row (unit) in array DATA.

Subscripts array DATA designating Red or
Blue.
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‘THOUR=TIME/60.
'RAD=Pi/180.0

v

— e -

v et

|

'

F ‘ !—--JFor every Red unit I=1 NUNIT, DO 10 1'
| | r .
; l i Distance=speed » time
i ! i Theta=course % RAD
| X=X + .5 + distance % sin (Theta) |
} A Y=Y + .5 + distance * cos (Theta) ‘
!
\

, y
[ If X negative, set X to zero:1
' If Y negative, set Y to zero.?

A— s

Y

—e— — — — —{ 10 CONTINUE )
|
¥

—
Repeat above for every Blue unit. !
1 - -

RETUR}
/

Figure 4

Flowchart of Subroutine MOVE (TIME)




3. Subroutine NUMBER

Subroutine NUMBER draws a U(0,1l) random number and
calculates the percent of maximum range at which a detection
can occur for every sensor on every unit versus every target
unit. A U(0,1) random number is drawn for every possibility,
regardless of whether a particular unit has a particular
sensor or can ever be detected by a particular sensor.

SEATAG uses an empirically derived curve to manually
transform the random number into a percent of maximum range.
This curve was approximated by the hyperbola in Equation (1),
where X equals the percent of maximum detection range

(PRMAX) and Y is a U(0,1) random number.

!
!
i
l
1
!

x2 Y2

+ = 1.0 (1)
(.9)°  (.9)°

The hyperbola is graphed with the original curve for compari-
son in Figure 5,

Note that the X and Y aixs in Figure 5 have different
scales. The maximum error, determined graphically, is 2%
of the maximum range. Subroutine NUMBER uses Equation (2)
which is Equation (1) solved for X to calculate the actual

PRMAX values.

X = .8l -%Y (2)

Subroutine NUMBER is usually called by MAIN only on the

first game turn. Thereafter the calculated values are

stored from turn to turn on a file.
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Figure 5

COMPARISON OF DETECTION CURVES
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With the exceptions of subscripts I, J, and X, no
local variables are used in this subroutine. Figure 6 is

the flowchart for subroutine NUMBER.
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/’ ">1FOR K =1,5 (for every Kth sensor) DO 30

SALY - R,

START

V)

( FOR J = 1,NMAX (for every Jth target) DO 20

Call RANDOM for 50 U(0,1l) random numbers
with seed ISEEDl and store in array DICE

¥

FOR I = 1,NMAX (for every Ith unit) DO 10

M
| set PRMAX (I,J,K) = 0.0 !

1s
random number

greater than
.9?

YES

NO

Set PRMAX(I,J,K) = .81 - (DICE(I)?)

—_— e—— ——— ——— —— ——— — —— — — m———  t—— pm——

y
\ _@ CONTINUE )¢
J\
— e
- {20 conTInuE )

r'd

Sie
N o Go covean)

NV E e S fORC Y o

Figure 6

Flowchart for Subroutine NUMBER
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4, Subroutine DETECT

The most important and complex subroutine in SEARCH
is the DETECT subroutine. The subroutine comprises three

functional sections. First, it must decide if the current

- —— Ay s o

turn includes a surveillance opportunity. Next, intelli-

—— e

gence from enemy units using HF communication is determined.
Last, every eligible friendly unit is given the opportunity

to detect eligible targets subject to sensor, speed, and

T« o an o Bt A

platform limitations.
For HFDF intelligence purposes, the program assumes

that each side has procured level I intelligence. Accordingly,

 ———— e e

the only information provided is the grid position of the
‘ enemy unit detected.

DETECT performs the umpire function of deciding which
sensors may be used against which targets under what circum-

stances. Some ground rules for this are implicit in the

flowchart and some explicitly explained in the following
paragraphs.

The program gives submarines at shallow depth some

of the capabilities associated with a submarine at periscope
depth. In particular, shallow submarines may make ESM and
surface search (S/S) radar detections. This represents the
ability of the submarine to extend its ESM and S/S radar
mast above the water in the same manner as the periscope.
Except for ESM against radar emissions, a shallow submarine
is still undetectable by means other than sonar. The pro-
gram does not allow for visual detection by periscope due

to the limited maximum range at which such a detection could occur.

Ly e T IRy v




Fighter, strike (attack), interceptors and ECM air-
craft may only make visual detections. In general radars
on board these aircraft are fire control radars without
a 360 degree search capability. Their ESM equipment is
primarily short range threat warning oriented and is used
to provide a warning of fire control or missile homing
acquisition or lock on. Also these aircraft are never
detectable by ESM in the program due to the narrow sector
of the emitters.

Arbitrary limits of ten knots maximum speed and
1000 feet or less altitude were imposed on the SH~3 and KaA-
25 helicopters before they may attempt a dipping sonar detec-
tion.

Subroutine DETECT is called once per turn from the
MAIN program. Subroutine DETECT calls the following sub-
routines.

1. SPOOK

2. ESM (I)

3. DETRAD (I)

4. ASONAR (I)

5. NLPCPA (I, TIME)
6. VISUAL (I, ITYPE)
7. PSONAR (I, IPLAT)

The I argument passed to all the subroutines called except
SPOOK designates the row subscript of the unit searching
with that particular sensor.

The second argument passed to NLPCPA is the same

length of the current turn passed to DETECT. The second
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argument passed to VISUAL and PSONAR indicates what kind

of unit the Ith unit is.
Table 8 contains the local variables used in DETECT

and Figure 7 is a flowchart for DETECT.
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Table 8

Subroutine DETECT, Local wvariables

. A o o5t A -

‘ VARIABLE DESCRIPTION

HR Counter for six hour surveillance periods.
|
i ITYPE Last three digits (or last two if an

aircraft) of the Ith units type number.

i I Subscript of Ith friendly unit in do
i loop 90, Ith enemy unit in do loop 16.
; IUNIT ‘ Total number of friendly units. )
LIGHT Set by the program to 0 = Dark, 1 = Daylight
‘ as a function of game time.
N Counter for the number of HFDF detections.
NN Total number of enemy un.ts.
NX Used in do loop 1l to calculate six hour

periods for surveillance periods.

z2 . The time in minutes the previous turn
ended.
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Does
this turn
include a surveillanc?®
opportunity? i.e. Did
this turn include 0001,
0601, 1201 or
1¢01 hours?

e e et e s A e oo 8 W

S g .

o

[‘Call subroutine SPOOK<—1

F

Draw 50 U(0,1) R.N.
Initialize N=O
Check if any HF comm
intelligence by uwT.

!

N
= 4 For eaca I=1, NN target unit DOy

}
N

-

/

S ¥

the Ith unit NO
¥ comm is

A On... /

~

~

:
|
C 7 S

Flowcaart of Subroutine DETECT
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|

!

I

|

}
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: Increment N by 1

; Set values in the Nth row of HFDF
. to those 0f the Ith unit

: Put co=0Ordinates of detected unit
! {into X=L0T and YPLOT

! !

l e

Lo oo - «66 'JONTINUE)t

i

Set MINDEX ( 10)=N p

If there were any detections 3y

output tae HFDF array on i
‘ the terminal

)
C—

Set LIGET=0 '
Set _IGAT=1 if ZTIME between

0600 and 1300 hours
Set IUNIT to the number o:
friendly units

N — |

/‘" * For eac™ I=1, IUNIT friendly units DO

48
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If ID=0
unit not in
play

NO

Set ITYPE to the last |
thiree digits of the
tyve mumber J

o e Y 5 S WS Pt £ 0 A

T

Is
unit a NO

? al
. i

| y YES

(Call NLPCPA (I))
| |

] Calculate CPA of all target unit;1

AV

If sonar is passive (off) and -
speed less than 23 knots, f
Call P3SONAR (I,1) to determine 5
| any va 3ive sonar detections { ;

T -
Mt

If sub is spallow or ‘
surfaced, Call ZsM(I) !
to determine LS
' detectione
! ¥
! [ If sub is siz.low, surfaced
i . and s/s radar %s on, Call

' DETRAD (-} to i2termine
! radar C=-2:1%20

-~ ]
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It sub is surfaced and it
is day, Call VISUAL (I) <o
determine visual detections

| I7 sonar is on and speed is ]
r ,LE. 15 knots, Call ASUNAR (1)
‘ to determine active sonar detectionﬁ

e

!

(60 TO 90 )

Is unit
a surface

™~ ship?

~

Call .LPCPA (I)

Call «3M(I)

I1° day, Call VISUAL (I,ITYPE)
I- sither A/S or S/S radar on
Cal. DiTRAD (I)

I- sorar off and speed .LT. 18,
Call P(SONAR(I,2)

Ir zonar on and speed .LT. 1o
Call ASONAR (I)
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iSet ITYPE to last |
itwo digits of ITYP ‘
f b

iCall NLPCPA (I)TIME)
{If daylight, Call
VISUAL (I, ITYPE)

A——

e . -ty r1oe A8 > oy o

If unit
is fighter
attack or
interceptor

NES

[V

.

©_ ¢

‘ call ESM (I)
Call DETRAD (I)

|

. Is
aircrart a
class 3 helo? >
(343 or Ka-25) .-

~

\\\

"t ' l
If neic speed .LE. 30 KTS, !
«~nd ALT, Lz, 1000 ft
Call PS8MAR (I,3)
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5. Subroutine SPOOK

This subroutine is played daily at 0001, 0601, 1201,
and 1801 hours. 1In game terms this is an abstracted repre-
sentation of sources of military intelligence available
beyond the level of command represented in the game. The
CASTAG program only plays level I of the three surveillance
levels available in SEATAG.

All ships, submarines going over 15 knots and
radiating aircraft are subject to detection. A U(0,1l)
random number is drawn for each unit and if that unit is in
one of the three preceding categories, it may be detected.
If the unit is in EMCON, i.e., emitting no radiation including
sonar, the chance of detection is reduced twenty percent.

If a unit is detected, grid location and general/
type information is provided. 1In some cases additional
information consisting of the units course to the nearest
10 degrees and the last two digits of the unit's type number
is provided. This information is a condensed version of
Table II-5 in the SEATAG documentation.

Subroutine SPOOK is called at most once per game
turn from subroutine DETECT only if the current game turn
included one of the four times that surveillance is played.

Table 9 describes the local variables used in this

subroutine. Figure 8 is a flowchart of subroutine SPOOK.
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ID2

MCON

NUNIT
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Table 9

Subroutine SPOOK, Local Variables

Description

Row subscript of the unit being
checked.

Set to first two digits of the Ith unit's
type number.

Varying column sbuscript of array DATA
in do loop 9.

Sum of the number of active emitters
on a unit. MCON = 0 means unit is in

EMCON.

Counter for number of surveillance
detections.

Set to total number of enemy units.
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START

!

&

{ Set NUNIT to the number of enemy units [
Set N to zero !

Generate 50 U(0,1) R.N. using RANDOM }

For eacn I=1,NUNIT enemy unit DO 11
/ Set MCON = O

[ FROM
\ 11

If the NO

Ith unit is not
in play //////

Add one to MCON for each active sensor
or communications device on the Ith unit

-

i
i
'
1

Flowchart o¢ :ubroutine SPOOK

Ficure 3
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If Ith
Unit is in EMCON

and the Ith R.N. 1is
LT, .79

Is the
Ith unit a sub

and less than
15 knots?

Is the \\\\\\\>YES
Ith unit an air=

4

crart in
EMCON?

A surveillance detection
has occurred. Set N=N+1:
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Put grid posit and broad tynﬁ1
information into array INTELL*
‘and XPLOT, YPLOT

}
i

-
N

Put additional specific type,
and heading ianformation into'
Larray INTEL for the Ith un%ﬁj

N

\\ ok
~—— e — — < 11 CONTI%HE//’

r -

“Increment MINDEX(10) by N
‘Wirite detections, if any,
Jn he terminai

i

|

~ .
——
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6. Subroutine ESM

Subroutine ESM determines all possible ESM detec-
tions by the Ith friendly unit of radar emissions from
each enemy unit.

The maximum range for ESM detections is calculated
as twice the maximum range of the emitter times the percent

of maximum range:

Range = 2 * PRMAX (I,N,3) * (Radar Range)

The subscripts for PRMAX are I denoting the Ith detecting
unit, N the Nth target and 3 the ESM sensor. This is com-
pared to the range of the CPA to determine if a detection
occurs. Detections are stored in array ESMDET.

This subroutine is called from DETECT when the Ith
unit is eligible to make ESM detections. Subroutine NLPCPA
must have been called previously from DETECT so that the
range and bearing of the CPA of every enemy unit is avail-
able in array CPA. The percent of maximum range for the
Ith units ESM system must be available in array PRMAX.

Table 10 contains the local variables used in this

routine. Figure 9 is a flowchart of subroutine ESM.
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Variable

II, Jg

NTYPE

NUNIT

RANGE
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Table 10

Local Variables of Subroutine ESM

Description

Arqument passed from DETECT denoting
the Ith friendly unit as the unit
attempting to make the detections.

Row and column subscripts for printing
out array ESMDET.

Counter for number of ESM detections
for the Ith unit.

Row subscript of DATA denoting the
Nth enemy unit.

Last three digits of the Nth unit's
type number.

Set to total number of enemy units.

Range at which detection may take
place. ‘
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‘\ START
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| Set NUNIT=N<GW(IFOE)
[ set M =0
_ -
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For every N=1, NUNIT enemy unit DO ,0

Is -
<Nth unit in NNO

play?
YES

Calculate NTYPE

i

!

' Is
unit's S/S NQ

radar o
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-
-

'YES
;
i
-

Calculate RANGE i

!
|
! [
TO
B

Flowchart of Subroutine ESM(I)
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Is the
Nth unit!s air NO

search radar

on?

-~
Calculate RANGE for A/S radar
| ———— —h

YES

is oA
e at C
<( ra?gT. RANGE?




T e N o s St o W 4 i
e . AT . 48— - g

o —

_l L_*MLWWWJ

W

Increment I by 1

Put information from:*
Nth unit into Mth ro
of ESMDET
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to the offline printer j
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7. Subroutine DETRAD

Subroutine DETRAD checks all possible radar detec-
tions of enemy units for the Ith friendly unit. Air search
radars are only allowed to detect aircraft. Surface search
radars only detect ships and surfaced submarines. The
detection range of both air and surface search radars is
calculated as the maximum range times the percent of maxi-
mum range from array PRMAX.

A detection takes place when the detection range
of the radar is greater than the CPA of the target. For
submarines, this range is then halved making them more
difficult to detect. Detections are stored sequentially

in the first ten columns of integer array RADAR.

The only argument passed to DETRAD is I. I specifies

the row of the friendly unit attempting to make the radar
detections and is used as the row subscript to access
information in array DATA.

DETRAD is called from DETECT whenever a unit has

either an air or surface search radar on. Subroutine NLPCPA

must have been executed last for unit I. Values from PRMAX
with the third subscript 1 for surface search and 2 for air
search radars must be available.

Table 11 lists the local variables of DETRAD and

Figure 10 is a flowchart of the routine.
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Variable

Table 11

DETRAD, Local Variables

Description

A/S Radar calculated final detection
range.

External argument passed from DETECT.
Designates the Ith unit which is doing

the detecting.

Row and column subscripts for printing
out first 10 columns of array RADAR.

Last three digits of the Nth unit's type
number.

Column subscript in do loop 30 for trans-
ferring detection data to array RADAR.

Counter for total number of detections
for unit I.

Subscripts the row, of the Nth enemy
unit.

Set to total number of enemy units.

S/S radar calculated final detection
range.
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RETURN
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8. Subroutine VISUAL

Subroutine VISUAL processes all possible visual
detections of enemy units for the Ith friendly unit. Ships
and surfaced submarines were arbitrarily assigned an unmodi-
fied visual detection range of 10 n.m. Aircraft were assigned
a 20 n.m. range. Although an aircraft or ship can discern
a target at more than the above ranges, visual detection
within the framework of SEATAG implies classification oppor-
tunities as well.

Classification implies the aircraft or ship closes
to read hull numbers and count masts. Rather than try to
make the information provided a function of range, 10 and
20 miles were selected as reasonable values considering the
aggregate level of the game. All units with the exception
of submerged subs are detectable by this routine.

A detection occurs when the calculated CPA of the
target is less than the assigned visual detection range.

The information on the detection is stored in columns 11-20
of array RADAR.

The two arguments passed to VISUAL are I which
designates the row in array DATA of the unit attempting to
make the detection and ITYPE which tells the subroutine if
the Ith unit is an aircraft or surface unit.

This subroutine is called from DETECT when the Ith
unit is an aircraft, ship, or a surfaced submarine and game
time is between 0600 and 1800 hours. Subroutine NLPCPA must

have been executed last for unit I.
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i Table 12 lists the local variables and Figure 11

3 is a flowchart of subroutine VISUAL.
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Table 12

Subroutine VISUAL, Local Variables

Variable Description

I Argument passed from DETECT denoting
the Ith unit doing the searching.

II, JJ Row and column subscripts for printing
out columns 11-20 of array RADAR.

ITYPE Last two digits of Ith unit type number
if aircraft, last three digits if unit
submarine or ship.

M Counter for number of visual detections
for the Ith unit.

N Row subscript denoting the Nth enemy
unit. X
NTYPE Last three digits of Nth unit's type
number. '
4
NUNIT Total number of enemy units. 1
£
RANGE Set to 10 n.m. if Ith unit on surface,

20 n.m. if Ith unit an aircraft.
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: Set RANGE=10
\ NUNIT = NROW (IFOE)
{ M

§ If Ith unit is an A/C
set RANGE=20

//—--—--—~ For each N=1,NUNIT DO 50

Is
the Nth unit
in play?

NO

Calculate NTYPE ‘

Is

e c———— ———_, .. e
e e e s .. . tnlOT®™ % o et = - S ot w -

the Nth ~
unit a submerge&\\\\iYES
sub? ~

e

Flowchart of Subroutine VISUAL

Figure 11
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Is the
range at CPA

YES

.GT. RANGE?

v NO

Increment M by 1

Put data from the Nth unit
into the Mth row of array’
RADAR and into XPLOT/YPLOT

|
k—' — —'GO CONTINUE}

y

Increment MINDEX (10) by M

¥

If there were any detections.

Output players version of
RADAR on terminal

OUTPUT umpire version of
RADAR on offline printer
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9. Subroutine ASONAR

ASONAR, for active sonar, determines possible active
sonar detections by the Ith friendly unit. The unit's sonar
must be active and the unit's speed less than 15 knots
prior to calling ASONAR.

Surface ships, submarines and helicopters with
dipping sonars may make active detections. Only submerged
submarines, either friendly or enemy, may be detected by an
active sonar. No differentiation is made between a friendly
or enemy submarine detection.

Level 5 of PRMAX is used for active sonar detections
of own units although it is normally used in determining
passive performance. Tﬂis is to avoid correlating active
sonar performance against the Nth enemy unit with that against
the Nth friendly unit. This avoids adding another level
(K = 6) to array PRMAX for what amounts to a rare occurrence.

The only argument passed to ASONAR is I. This
specifies the row of the friendly unit attempting to make
the active sonar detections and is used as the row sub-
script to access the Ith unit's data in array DATA.

ASONAR is called from DETECT. Values for percent of
maximum range from array PRMAX with the third subscript equal
to four and five are required before the subroutine is
called. NLPCPA must have been called last for the Ith
unit prior to calling ASONAR.

Prior to the second time through do loop 60, NLPCPA

is called from ASONAR. After IFOE is set to ID, NLPCPA

4
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calculates the CPA of all friendly units and stores the

values in array CPA. This is the only instance of a sub-

POV S

routine being called from a subroutine other than from
DETECT in program SEARCH. Note that ASONAR must be the
' last subroutine called for detections by the Ith unit in
DETECT due to its calling NLPCPA as the values in array

CPA will be those of friendly units.

Detections for the Ith unit are stored in the first

B N A IEEE

ten columns of array SONAR by row. Table 13 lists the local

variables of ASONAR. Figure 12 is a flowchart of ASONAR.

—— Ot ot —— . . _
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Table 13 h

Subroutine ASONAR, Local Variables

Variable Description

I Argument passed from DETECT denoting the
Ith unit attempting active sonar detections.

IA Column subscript in do loop 40 to
transfer detection data to array SONAR.

I1, JJ Row and column subscripts for printing
out array SONAR.

ISAVE Saves value of IFOE while IFOE = ID.

ITGT Last three digits of the Nth unit's
type number.

K Counts twice through do loop 60.
KUNIT Set to total number of friendly units.
M Counter for total number of active

sonar for the Ith unit.

e i Y e ]

N Row subscript denoting the Nth enemy
when K = 1 or friendly when K = 2 unit.

NUNIT Set to total number of enemy units
when K = 1, total number of friendly
units when K = 2.

RANGE Active sonar calculated final maximum
detection range.

TIME Argument passed to NLPCPA denoting this
turn's length in minutes.
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10. Subroutine NLPCPA

NLPCPA calculates the range in n.m. and the bearing
in degrees of the CPA of every enemy unit to the Ith friendly
unit.

The final CPA is in fact the CPA during the last
turn. In most instances this turns out to be the initial
or final position of the Nth unit, depending on if that unit
is opening or closing the Ith unit.

The subroutine uses each unit's (X,Y) coordinates,
course and speed as well as the elapsed time and clock time
of this turn. Recall that since subroutine MOVE is called
before NLPCPA, the values of the coordinates are where the
units are after the move.

The method used in this subroutine to determine the
CPA takes the approach commonly used underway where the
relative position of the target is known and the target's
course, speed and CPA are determined frcm that. This will
appear somewhat round about as the target course and speed
are already available and a normal trigonometric approach
would be feasible.

Point (A,B) is the position of the Ith unit at
time ZTIME. (X2,Y2) is the relative as well as the geo-
graphic position of the Nth unit at ZTIME. Both of these
points are available in array DATA. A previous relative
position of the Nth unit to the Ith unit must be calculated.
This point (X1,Y1l), will be calculated as the relative posi-

tion of the target at time (ZTIME-TIME), or the game time

A, 3 G Pyt s

EEN




at the beginning of this turn. (X1,Yl) is not the position
of the target at the beginning of this turn. It is a relative
position at which the target may never have been. A geometric
diagram of the calculation of (X1,Yl) is provided as Figure
13.

To calculate (X1,Yl) the X and Y distance traveled
by the target is subtracted from point (X2,Y2) giving the
position of the target at the start of this turn. Then the
X and Y distance traveled by the Ith unit is added, resulting
in X1 and Yl:

X1 X2 - D1 * (SIN(THETA)) + XDIST (1)

Yl Y2 - D1 * (SIN(THETA)) + YDIST (2)

To determine the CPA, the problem is to find the
shortest distance from point (A,B) to the line defined by
the two relative points (X1,Yl) and (X2,Y2). This line is
called the DRM for Direction of Relative Movement. The slope
is called DX. Formulating the problem as a non-linear pro-

gramming problem gives

MIN £(x,y) = SQRT((X-A)2 + (v-B)?) (3)

subject to Y-Yl = DX * (X-X1) (4)

Using the LaGrange multiplier technique, we mini-

mize the square function minus lambda times the constraint
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Yl = Y2 - YDIST - D1*COS (THETA)
CALCULATION OF (X1,Y1l)
Figure 13
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(Eq. 5) which will have the same minimum as Equation

3.

F(x,y) = (X-A)% 4+ (Y-B)2 -L * (Y-Yl

- DX(X - X1)) (5)

Taking partial derivatives yields

j 3F/3X = 2X-2A + L * DX = O (6)
. IF/3Y = 2Y-2B-L = 0 (7
i

3F/3L = DX * (X~Xl) + Yl-Y = 0 (8)

Equation (7) gives an expression for L and (8) gives an

e . -

expression for Y in terms of X. Substituting these in (6)

and solving for X yields
X = (A+BxDX+XlxDX2-Yl*DX)/(1+DX2) (9)

Equation (9) is how X is calculated in NLPCPA. Y
is computed from (8). (X,Y) is the coordinate of the CPA.
In the calculation of DX, if the absolute value of
A2 - X1) is within .00l of zero, the CPA calculation is not
~eeded since DX is infinite or nearly so. Practically

i-=axing in *this case, X2 = X1 and the DRM is vertical,

=3 a CPA of (X2,B).
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If both (X2 -~ X1) and (Y2 - Y1) are less than
EPS, then X2 = X1 and ¥2 = Yl implying the two units ]
involved are on the same course and speed. The CPA is
set to (X2,Y2) in this case.

In Figure 13, the CPA falls conveniently between
(X1,Yl) and (X2,Y2). In fact we have three cases to con- |
sider in deciding on the final CPA. Figure 14 shows the
three possibilities. The relative positions of (X1,Yl) 1

and (X2,Y2) may or may not be reversed, giving six possi-

bilities to check.

Two series of four logical FORTRAN IF statements

branch to assign the appropriate final value for (X,Y). d

Once the final (X,Y) is determined, the distance 4

e A v e =2 m—ean

from (X,Y) to (A,B) is calculated using the standard car-
tesian distance formula. Distances less than EPS are ¥

set to EPS to avoid dividing by zero when calculating the i

bearing of the CPA. The CPA range for the Nth unit is

stored in CPA(N,1l).

Finally the bearing of the point (X,Y) from (A,B)

——

must be calculated and converted to degrees. TAU is the

angle between line segment ((A,B),(X,Y)) and ((X,B),(X,Y))

e

and is calculated using the ARSIN function as

| TAU = ARCSIN((X-A)/CPA(N,1)) (10)

In the first quadrant TAU will be the correct

bearing. If (X,Y¥) is in one of the other three guadrants
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Case CPA Point

1 (X,Y)
2 (X2,Y2)
3 (X1,Y1)

Relative Locations of DRM Endpoints

Figure 14
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of (A,B) TAU must be modified as shown in Figure 15. Finally
TAU is converted to degrees and stored in CPA(N,2). The
argument I passed to NLPCPA specifies the row of the friendly
unit. The CPA's are calculated relative to this unit. TIME
is the elapsed time for this turn.
This subroutine is called from DETECT once for each
Ith (friendly) unit that is able to make any ESM, radar
or sonar detections. In addition, NLPCPA may be called
from ASONAR in circumstances defined in that subroutine.
Figure 16 is a flowchart for NLPCPA and Table 14

lists the local variables.
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Variable

A
B

D1

D2

DX

ETA

NUNIT

TAU

THETA

TIME

X2

XDIST

Yl

2 il T LT

Table 14

Subroutine NLPCPA, Local Variables

Description

Current X coordinate of the Ith unit.
Current Y coordinate of the Ith unit.

Calculated distance the Nth unit moved
this turn.

Calculated distance the Ith unit moved
this turn.

Calculated slope of the DRM line.
Course of the Ith unit in radians.
Argument denoting the Ith unit.

Set to total number of enemy units.

Set to ©7/180. Used as degree to radian
conversion factor.

Calculated time of this turn in hours.

Angle of the line from (A,B) to (X,Y)
with the line from (X,Y) to (X,B).

Course of the Nth unit in radians.

Argument containing the elapsed time of
this turn in minutes.

X coordinate of the calculated and final
CPA.

Current X coordinate of the Nth unit.

Distance along the X-axis the Ith unit
moved this turn.

Y coordinate of the calculated and final
CPA.

Y coordinate of the relative position of
the Nth unit to the Ith at the beginning
of this turn.
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Variable

Y2

YDIST

Table 14 (Continued)

Description

Current Y coordinate of the Nth unit.

Distance along the Y-axis the Ith unit
moved this turn.
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T=Time/60
RAD=Pi/180
NUNIT=NROW (IFOE)
A=DATA (I,5,ID) ]
B=DATA (I,6,ID)

Calculate for the Ith unit,]
D2=TIME (T) # speed
ETA =course 3 Pi/180

XDIST=D2 % SIN (ETA)
Q YDIST=D2 % COS (ETA)

B !

— — e
—~ = - 4_For N=1, NUNIT DO 50
A3

[P

L

/

S

!
I
[

)

Calculate for the Nth unit
TilETA=course x Pi/180
D1=T x speed

X2=DATA (N, 5, IFOE)
¥2=DATA (N, 6, IFOE)

R

AV

' I
l Calculate (X1,Y1), the relative (to the Ith unit)

position that the N"2 unit would have been in at
; ZTIME-TIME as follows:

X1=(X co=ord of Nth unit now) + (X Distance Ith

! unit travelec this turn)-(X Distance Nth urit
: traveled), sim:ilarly for Yi1

I Y1=Y2 + ¥YDIST - 21 % COS (THETA)

!

Flowchart of Subr%gtine NLPCPA
"igure 1
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-Xl
Y=Y1

+

{ Calculate Distance from (X,Y)
! to (A B) and store in CPA(N 1)
i_ Fp—

If CPA is less than EPS,
set CPA to EPS.
i N 7
| Calculate TAU, the angle made
{ by line segments ((4,B),(X,Y))

and ((X,B),(X,Y)) as ARSIN
((X-A)/("PA(N 1))))

1 ¥

,If (X,Y) in fourth quadrant of (A,B),
get TAU TAU+2P1

Rl e Sy

»If (X,Y¥) in the second quadrant of
(A, B), set TAU=Pi-TAU

If (X,Y) vears 150 rom (4,B),
lset LAU =P1i

| !
(If (X,Y) in the f:ird quadrant of
| (A, B), set TAU=Pi=ral
{

T
V4

(—éon»e"* TAU to degrees
and store -n CPA(N, 2)

{
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11. Subroutine PSONAR

Subroutine PSONAR determines all possible passive
sonar detections by the Ith friendly unit. Ships and
submarines at any depth attempt passive detections if
their sonar is off (passive) and their speed is less than
17 and 22 knots respectively.

There are two kinds of passive detections possible
in this subroutine. First, an active sonar may be detected
with a passive sonar. This is analogous to an ESM detection

of a radar. Range is calculated as:

Range = 2 * (Percent effectiveness) * (Range of active sonar)

If this is less than the calculated CPA, a detection occurs.
Sonar ESM detections are stored in the last 10 columns
of SONAR. n approximate range is provided to the detecting

unit for an ESM passive detection. This is calculated as:

Approximate Range = CPA Range + CPA Range * (DICE (N) - .5)

DICE (N) is a U(0,1) random number. The approximate range
will be uniformly distributed between one-half and 1.5 the
range at CPA.

The second type of passive detection is the passive
tracking of a target by sonar. The target's range, bearing,
course, and speed are determined by the tracking unit. Any

target, with the exception of aircraft, may be detected.
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To calculate if a passive detection has occurred,
the unit's maximum detection range is calculated as a
function of taryet speed, searcher speed and where the
target and searcher are with respect to the layer.

The curves in the top half of Figure 17 are used
when a shallow sub is attempting to detect a u nit on the
surface or two submerged subs are attempting to detect one
another at the same depth. This is called Case 1. The
curves were approximated by a family of ellipses whose
parameters are functions of target speed. The solid curves
are those given in the SEATAG manual and the dashed curves

those of the ellipse approximations.

The ellipse parameters for Case 1 are calculated

as follows:

A = (Target Speed/S5) + 15
B = Target Speed + 2
X = Searching unit speed

For the ellipse

3’|><
[ 5] B 3N
+
quk
[
'—J

Solving for ¥ = B *(1-—(x2/A2) gives the maximum
passive sonar detection range in n.m. calculated by the sub-
routine. The maximum range error is plus or minus 3 n.m.

from the original curves.

93

e e A s ———




e kvl e v e Ve .

o N o gt s Sy . L

e prR———— ————_ o

Case 1

Shallow sub vs
surface ship or
subs at same depth

MAXIMUM DETECTION RANGE (NM)

| [
10 15 20
SUBMARINE SPEED (KTS)

Curves are target speed (kts)

o
U

(V8]
o
TN

Case 2
30 One sub shallow
and one deep or
- surface ship vs. sub

28]
n

[
(=]

1%

MINIMUM DETBECTION RANGE (NM)
= =
o w»

]
15

SHIP OR SUBMARINE SEARCH SPEED (KTS)
Curves are target speed (kts)

Comparison of Passive Sonar Detection Curves

Figure 17
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The curves in the bottom half of Figure 17 repre-
sent a cross layer detection situation. This is referred
. to as Case 2. They are used for any unit on the surface
; trying to detect any submerged submarine, for deep subs
trying to detect surface units, and for two submerged sub-
marines at different depths trying to detect each other.

A series of ellipses was also used to approximate
the original curves. The values of X and Y remain unchanged.
The A and B parameters for Case 2 are calculated differ-

ently as shown below:

< e

j A = Target speed + C * (15 - Target speed)
| where
cC = .4 if target speed < 16
C = .6 if target speed > 15 and < 24
E c = .7 if target speed > 25
f'
i and
; B = Target speed if target speed < 21

[v+]
]

(Target speed/2) + 10 if target speed > 21

The following table gives the A and B parameters as a

function of target speed for 5 knot increments:
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' Case 2

TGT_SPD A B
0 0
5
. 10 12 10
i - 15 15
: 20 17 20
25 18 22.5
! 30 19.5 25

In Case (2) the vertical marks where the curves are
i truncated at a maximum of an 18 knot searcher speed. This
in effect means much of the poorer fitting 30 knot curve

! is not used. The worst distortion is for a 17 knot search
speed against a 25 knot target which results in a 7 n.m.
range vice the 5 n.m. range obtained using the curves

manually.

In some cases it is possible the searcher's speed ’
will be greater than the calculated A values. In this
case no detection should be possible so A is set equal to
zero, insuring Y will be zero. If the calculated Y value

is greater than the listed sonar max range on the charac-

teristic card, Y is set to the maximum range from the char-
acteristic card. This happens most frequently with sur-
face ship short range sonars.

Once Y is determined, it is multiplied by the per-

cent of maximum range (the PRMAX value) to give the final

range. This is then compared with the CPA to determine if




a detection did in fact take place. Detections are then

stored sequentially by row in the first ten columns of array
SONAR.

The argument I passed to PSONAR specifies the row
of the friendly unit attempting to make the passive detec-
tions and is used in PSONAR to access information for the
Ith unit for array DATA. The argument IPLAT designates the
searching unit as a surface ship or submarine.

Subroutine ASONAR is called from subroutine DETECT.
Subroutine NLPCPA must have been previo?sly called last
for unit I. Values from array PRMAX with the third sub-
script K = 5 are used for the percent of maximum range.

Table 15 provides a list of local variables and

Figure 18 a flowchart for subroutine PSONAR.




variable

A

B

II, Jg

IPLAT

NTGT

NUNIT

RANGE

Table 15

Subroutine PSONAR, Local Variables

Description

Parameter of ellipse in standard form.
Parameter of ellipse in standard form.

Used to calculate B as a function of
target speed.

Used to calculate A as a function of
target speed.

Argument passed from DETECT denoting the
Ith unit searching passively.

Column subscript in do loop 33 used to
transfer data on the Mth detection into
array SONAR.

Row and column subscripts for printing
out columns of array SONAR.

Column subscript used in do loop S5 to
transfer the MMth passive detection data
into array SONAR.

Argument passed from DETECT denoting the
type of searching platform, 1 for a
submarine, 2 for a surface unit.

Counter for the number of passive sonar
ESM detections.

Lower bound on the row subscript of array
SONAR when printing out passive detections.

Counter for the number of passive sonar
detections. Starts from M.

Row subscript denoting the Nth enemy
unit used in do loop 35 and 60.

Last three digits of the Nth unit's
type number.

Set to total number of enemy units.

Calculated final detection range in n.m.




Variable

X

Table 15 (Continued)

Description

Searchers speed (Ith units speed in
knots) .

Calculated detection range before
modification by PRMAX.




M=0
NUNIT = NROW (IFOE)
For every N=1, NUNIT DO 35

Is

the Nth YES

unit out of
play?

Is

the Nth NO

unit's sonar
active?

YES

Calculate RANGE equal to
2 * PRMAX * sonar range

Is the
CPA of the Nt
unit less than

NO

RANGE?

Increment M by 1
Put information on Nth unit
into Mth row of array SONAR

\

K — _C35 CONTINUE):

Figure 18

Flowchart of Subroutine PSONAR
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If there were any detections,
output players version of SONAR on
the terminal and umpires version
on the offline printer

MM=M
For each N=1, NUNIT DO 60

the Nth unit
out of play3

Calculate NTGT

!
i
i

Nth target

an aircraft? -
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unit a submerged

submarine?

Is the

Nth target a
surface ship and the

searcher
shallow?

Are
tHe target

and searcher

at the same
depth?

B2=2
C=.5
A=TGT SPD/5+15

SEO——

B2+ (TGT SPD - 20) /-2
IF TGT SPD .LE. 20

B2=0.0

Is
searcher
speed greater
than

18?

C=.4
If TGT SPD .GT. 15
set C=.6, then set
A=C * (15 - TGT SPD)
+ TGT SPD
TO
D.

YES




FROM
60

—C

TGT SPD + B2
Searcher speed

w
nu

If X .GT. A,
Set A=X

Calculate
v = B2+/(1- (x/a)%)

If Y .GT. searcher's maximum
sonar range,
Set Y = maximum sonar range

RANGE = Y * PRMAX (I,N,5)

Is
CPA of Nth

unit .GT. YES

RANGE?

Increment MM by 1
Put information on the Nth
unit into the MMth row of

SONAR

_—— —@ CONTINUE}
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If there were any detections
set Ml = MM+l

4

Print out on the terminal the players
version of SONAR. Output the umpires
version of SONAR on the offline
printer
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G. DESCRIPTION OF FORTRAN PROGRAM CHANGE

CHANGE allows the player to change a unit's course,
altitude or depth and turn radars, sonar, and HF communi-
cations on or off. Units may be brought in and out of
play by changing their ID. Units brought into play may
have their X and Y coordinates changed to insure they enter
play at an appropriate location. Units out of play are
set to (0,0). CHANGE is executed once per game turn by
CASTAG EXEC.

Integer inputs that are incorrect fqﬁ a particular

parameter of a unit are corrected as follows:

1. Speeds greater than listed maximum speed are set
to unit's max speed.

2. An altitude other than 0 for a surface unit will
be set to 0.

3. Any course greater than 360 will be set to 360.

A unit which has had a non-existent sensor activated
will not affect the detection routines. The maximum range
for that sensor will be zero in the data base resulting in
a consistent zero detection range.

ID numbers and X or Y coordinates are not screened in
any way and must be corrected by c¢ycling that particular
unit back through the change procedure. Figure 19 is a
flowchart of CHANGE and Table 16 is a list of the variables

used in CHANGE.
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Table 16

List of Variables and Arrays for Program CHANGE

Variable/Array

DATA (50, 20)

NCOL

NREAD

NWRITE

NROW

ZTIME

IDENT

IDISK

ITYPE

IDNO

Description

Integer array holding either Red or
Blue data in the same format as in
the data base.

Number of columns being used for data
in array DATA. Set to 15.

Used to designate the terminal as the
read device for FORTRAN READ state-
ments. Set to 5.

Used to designate the terminal as the
write device for FORTRAN WRITE
statements. Set to 6.

Maximum number of units (rows) array
DATA will hold. Set to 50.

Game clock time in minutes. Printed
out for reference.

Input by user. 1 designates Red;
2 designates Blue.

DSRN designating which file to access
for information. Set to IDENT + 2,
giving 3 for Red, 4 for Blue.

Input by user telling the program what
column of array DATA will be changed.

Last three digits of Nth units type
number.

Row subscript of DATA designating that
unit will have its ID number changed.

Used throughout the program as a
variable row subscript for array DATA.

Used throughout the program as a
variable column subscript for array
DATA.




Initialize variables
and zero array DATA
Read IDENT from terminall

¥

Set IDISK = IDENT + 2
[ 3

/" Read FILE FTO3F00l if Red,
FILE FTO4F00L if Blue

X

/,_____, Read N from terminal

e . Ao o~

YES

NO

Make changes to course, speed,
alt/depth and status of sensors
for unit N

Check changes for validity

\ A
\\—————————<iGO TO read N )

Figure 19

Flowchart of FORTRAN Program CHANGE
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Read IDNO

e
e ——par

YES

IDNO = 0

e e

NO

Change ID of unit IDNO
and enter new X,Y coord
if necessary

. g o - - e,

Y
;@) TO read IDN(D

{

REWIND IDISK

\

Write ZTIME, NROW and DATA
on FTO3F001 or FTO04F001
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H. DESCRIPTION OF FORTRAN PROGRAM UPDATE

UPDATE combines two files into the new data base prior
to the next execution of SEARCH. UPDATE is executed once
at the end of the game turn by CASTAG EXEC. UPDATE READS
the two files which contain the user entered changes to
the data base (FTO03F001 and FT04F001l) into two arrays.
File FT02F00l1 is prepared to be written on from the top by
a REWIND command which destroys the existing information.
File FT02F001 was the data base which had been saved up to
this point to provide a backup if either of the two new
files were inadvertantly destroyed during execution of
CHANGE.

Arrays RDATA and BDATA are written back on FTO02F001 in

the same format as the old data base. FTO02F001 and FT04F001

are rewound. Note that should the users have entered
different turn lengths during execution of SEARCH at the
terminals, ZTIME will be fixed for next turn at both ter-
minals at whatever was entered by the Blue player.

Table 17 lists the variables and arrays in UPDATE and

Figure 20 is a flowchart of UPDATE.
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List of Variables and Arrays for Program UPDATE

NCOL

NROW

NRED, NBLUE

ZTIME

NDISK

RDISK, BDISK

RDATA (50, 20)

BDATA (50, 20)

l‘.. L R S S .

Table 17

Number of columns being used in the
data structure. Set to 15.

Maximum number of units (rows) per
side. Set to 50.

Total number of RED and BLUE units,
respectively.

Total game time in minutes.

DSRN for the data base. Set to 2
designating file FTO02F001 for READ
and WRITE statements.

Integers designating FT03 and FT04 as
READ files.

RED half of the original data base
which has had the changes made.

BLUE half of the original data base
which has had the changes made.

Row subscript for RDATA and BDATA.

Column subscript for RDATA and BDATA.
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X
Declare RDATA, BDATA intergers
Dimension arrays and set initial values
'
Read 2TIME and NRED from FILE rTO3FO01
v
Zero out arrays
| Read FILE FTO3FO01 into array RDATA
iRead ZTIME and NBLUE from FILE FTO4FOO1

| Read the rest of FILE FTO4FOO! into array BDATA

REWIND FILE FTO2FOO1, destroying the information
in the data base

¥
Write ZTIME, NRED, NBLUE on the first recordA]
of FILE FTOZFOO1 B
"
Write RDATA On FILE FTO2F0O01
72

Write BDATA on FILE FTO2FOQO01
¥

REWIND FILES FTO3F001 and FTO4FOO!

Flowchart of FORTRAN Program UPDATE
Figure 20




IV. USER'S GUIDE TO CASTAG

This chapter discusses terminal inputs, program outputs,
and program recovery procedures. Some familiarity with
SEATAG is assumed as well as some knowledge of FORTRAN for-
mat "I"™ and "F" input type declarations. The line and
letter delete instructions refer specifically to the
DECWRITER T-300 terminals in the NPS Computer Center. Other

terminals should have analogous functions.

A. CASTAG TERMINAL INPUTS
The terminals have two keys which can be used to correct
input errors before returning the carriage. The "@" symbol
is used to delte the previous character in an input line.
More than one "@" can be used per line. For example, enter-
ing a format 1I2 parameter, "1lA" is typed. To correct the
illegal character "A", type "@2" resulting in "1lA@2" which
will be read as "1l2" following the carriage return. The
"]" symbol typed at the end of a line will cause the terminal
to delete the line following the carriage return allowing
the user to re-enter the line.
To begin execution of CASTAG, enter:
$ CASTAG
the terminal will print:
THIS IS THE SEATAG EXEC ROUTINE.
THIS PROGRAM WILL REQUIRE A DATA BASE

WHICH HOLDS ALL THE APPROPRIATE SHIP AND
AIRCRAFT CHARACTERISTICS.




ENTER THE USER NUMBER OF THE OTHER PLAY INCLUD-
ING P OR G FOR USER TYPE, MAKING A TOTAL OF 5
DIGITS, EG; "1059P".

>

The ">" symbol means the terminal is waiting for an
input to CASTAG EXEC. An illegal input will cycle an EXEC
program back to the input instruction. In this example,
the user entered "1059P". The terminal replies with:

IS OTHER PLAYERS ID = 1059P ? ENTER Y OR N.
>Y

Answering with "N" would give the user a chance to re-
enter the user ID. Following a "Y" entry, the terminal
prints:

FILE FT02F001 IS THE DATA BASE. THIS FILE MUST BE
SENT TO THE CONSOLE OF THE OTHER PLAYER IF NO COPY
EXISTS IN HIS FILES. IF YOU ARE THE OTHER PLAYER,
YOU WILL HAVE TO READ FILE FTO02F001.

IF NO TRANSFER OF DATA BASE REQUIRED ENTER N.

TO TRANSFER DATA BASE TO OTHER PLAYER ENTER "T".
TO READ THE DATA BASE FROM THE OTHER PLAYER ENTER "R".
>R

The example shows the user wants to read the data base
from the other terminal.

FILES:~ NO RDR, NO PRT, NO PUN

IF YOU HAVE A FILE SPOOLED WAITING TO BE READ,
ENTER "Y". IF NOT ENTER ANY OTHER LETTER EXCEPT N.
THE PROGRAM WILL CONTINUE TO RETURN HERE UNTIL THE
FILE IS AVAILABLE OR UNTIL Y OR N IS ENTERED. TO
GO AHEAD WITHOUT READING THE FILE ENTER N.

The message shows no files waiting to be read. Conse-
quently, an entry of any letter except "Y" or "N" should be
made. Either or both of the messages will indicate that

there is a spooled file waiting. These are:

** CARDS XFERED BY 1059P05 **
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FILES:- 01 RDR, NO PRT, NO PUN

Assuming the user had entered "N", and then received
one of the two messages above, the terminal repeats:

IF YOU HAVE A FILE SPOOLED WAITING TO BE READ,
ENTER "Y". IF NOT ENTER ANY OTHER LETTER EXCEPT N.
THE PROGRAM WILL CONTINUE TO RETURN HERE UNTIL THE
FILE IS AVAILABLE OR UNTIL Y OR N IS ENTERED. TO
GO AHEAD WITHOUT READING THE FILE ENTER N.

>y
Entry of "Y" will output a verification of the file read:

OFFLINE READ FILE FT02F001 Pl

An entry of "T" will print one message:
** CARDS XFERED TO 0000G **
and skip the preceding sequence.

Entry of "N" at any point skips the file transfer sec-
tion and proceeds with program execution, even if there is
no data base at one or both terminals.

The next line, "EXECUTION BEGINS. . ." indicates the
start of a FORTRAN program. In this case it is program
SEARCH. All inputs to FORTRAN programs will have format
instructions for the required entry. All are integer entries

with the exception of one F4.0 entry. Integer formats are

specified by "FORMAT I4" or "1lI2" or "l1lI1" or some combina-
tion thereof. Any illegal entries will cause either program
termination or a "fix-up" which will probably cause the
input to be read as zeros.

SEARCH reguires three entries. The first is the random

number seed, of up to seven integers. A zero may be entered
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in which case the program sets the random number seeds.

Different random number seeds should be entered at the two
terminals. The next entry is the duration of the next
turn in minutes. Both terminals should enter the same

value. The maximum value is 1440 minutes or 24 hours and

the minimum is zero. Only the time specified by the Control

Group should be entered. Last, a single digit entry, "1"

or "2", tells the program whether it is Red or Blue. Follow-

ing these entries, a printout of detection information for
each side is printed out at the terminal. Interpretation
of this output is covered in Section B of this chapter.
Below is an example of the inputs to SEARCH:

EXECUTION BEGINS...
ENTER THE RANDOM NUMBER SEED, FORMAT 17.

>1219503

ENTER THE TIME, IN MINUTES, OF THIS TURN, F4.0.
>60

ENTER "1" IF YOU ARE THE RED PLAYER, "2" IF BLUE.
FORMAT 1lIl.

>2

The entries show a seed of "1219503", a sixty minutes turn
length and that this terminal is Blue this turn.

Conclusion of program SEARCH and the start of the next
FORTRAN program is indicated by

"EXECUTION BEINGS...
ENTER 1 FOR RED, 2 FOR BLUE, FORMAT 1lIl".

The next FORTRAN program, CHANGE, has begun execution. This

is an interactive sequence that allows the user to change

parameters and bring units in and out of play. The initial

access is by row, so the first unit in the data base is
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unit "1". There can be up to 50 units so these entries

are made in I2 format. A code number (2 through 8) is

input to determine which value is to be changed followed

by the new value when requested. All changes to a unit

should be made first before moving on to another unit although
it is possible to cycle through the changes as many times

as required. Appendix B provides an example of an actual
CHANGE execution.

Following entry of the last change to the last unit,
program control is returned to CASTAG EXEC. The next
sequence transfers the files altered by CHANGE.,

NOW EACH PLAYER SENDS HIS UPDATED FILE TO THE OTHER
PLAYER. TO INITIATE TRANSFER,
ENTER "R" IF YOU ARE RED, "B" IF BLUE.
;gU ENTERED B . IS THIS CORRECT? ENTER "Y" OR "N".
>wW
The above sequence tells the CASTAG program if it is Red
or Blue.

Two messages will indicate a file waiting to be read
as in the data base transfer.

** CARDS XFERED BY 1059P05 **
** CARDS XFERED TO 1059P **

FILES:- 01 RDR, NO PRT, NO PUN
DO YOU HAVE A FILE SPOOLED TO BE READ? ENTER "Y" OR "N".

>

OFFLINE READ FILE FTO3F001 Pl
The XFERED BY" message mau appear while still executing CHANGE.
This means the other terminal user has finished his changes

and initiated transfer. The other player still must wait

to read your change file before continuing. The rest of the
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sequence is carried out as if "R" was entered in the

transfer at the beginning of the program.

After both transfers have been completed, a list of
files is output for comparison to four filetypes. Each
terminal should have all four before proceeding to the
next turn.

FILENAME FILETYPE MODE NO.REC. DATE

FILE FTO1F001 Pl 10 2/19
FILE FTO02F001 Pl 2 2/19
FILE FT04F001 P1 1 2/19
FILE FTO3F001 P1 1 2/19

YOU SHOULD HAVE FILE TYPES FTO02F001, FTO3F001, FTO4F001
AND FTO1lFO001l ON YOUR DISK AT THIS TIME.

CASTAG executes UPDATE and prints:
TO PLAY ANOTHER TURN, ENTER Y. TO QUITE ENTER N.
This entry lets the user go back to SEARCH to play another

turn or to terminate the program.

B. DECODING/ENCODING TYPE NUMBERS

Each unit in CASTAG is given a four digit code for
identification as to the unit's side, platform, kind and
class. These numbers are called type numbers and are
assigned when the data base is created. They are decoded
by the participants to determine information about specific
detections. Table 18 provides definitions for the first
three digits. Table 19 gives the fourth digit assignment

for all the units currently available in CASTAG.
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3 DIGIT

First

Platformw

! Second

Third

Table 18

VALUES

0
1
2
3

First Three Digits of Type Number Assignment

DEFINITION

Neutral
Red
Blue

Submarine
Aircraft/helicopter
Surface vessel

Merchant or civilian
Submarine
Aircraft carrier

Large surface
combatant (CG,CLG,DDG)

Small surface
combatant (FF,FFG, PQG)

Service force/
amphibious force
(AOE)

Fighter, Interceptor,
Attack Aircraft

ASW fixed wing air-
craft (§-3,P-3)

Bomber, Recon or
AEW aircraft

Helicopter




Table 19

Type Numbers, Fourth Digit

BLUE UNITS

Submarines

Aircraft carrier

CG, CLG, DDG, DD
(Largest surface combatants)

FF, FFG, PG, PGM
(Small surface combatants)

Service force/amphibious

Fighter/Attack aircraft

ASW fixed wing aircraft

Bomber, Recon, AEW aircraft

Helicopters

NUMBER

1
2

m e w2 eWw N wm o W N

N N e

CLASS

Los Angeles
Sturgeon

USS America

Leahy

C. F. Adams
Coontz
Barry
Spruance

Perry
Brooke
Knox
Garcia

Sacramento

KA-6D Tanker

EA-6B ECM support

A-6 Corsair
A-7 Intruder
Phantom II
S-3A

P-3C

E-2C

SH-3H

SH-2D
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RED UNITS

Submarines

Aircraft carriers

CG, CLG, DDG, DD

FF, FFG, PG, PGM

Service/Amphibious force

Fighter/Attack aircraft

ASW fixed wing

Table 19 (Continued)

NUMBER

N = O B e W N

N =

N OH e W

Bomber/Recon aircraft

CLASS

Charlie SSGN
Victor SSN
Echo II SSGN
November SSN
Juliett SSG
Foxtrot SS

Kiev
Moskva

Kara

Kresta I
Kynda

Kresta II
Krivak

Nanuchka
Chilikin (AOE)

MIG 23
YAK 36 Forger '

None

Bear

Badger
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C. CASTAG TERMINAL OUTPUT
Following execution of SEARCH, the detection information

; for that side is output on the terminal. If there were no

3 detections by a particular unit or no detections of a cer-

! tain type there is no output. It is possible for there to
be no detections, and hence no output, at all. All detec-
tions, with the exception of active sonar, are of opposing
units.

The first output is surveillance information available

[

on’y at 0001, 0601, 1201 and 1801 game time. The information

is presented as follows:

;
I
I UNIT TYPE X-COORD Y-COORD PLATFORM COURSE
}
\ 21 535 476 0 0
' 23 504 491 47 95

r Unit type is the first two digits for the type number. 1In

the example above, "21" is a Blue submarine and "23" is a

Blue surface unit. The (X,Y) position is the current one.

The platofrm is the last two digits of the type number.
"O" indicates the information is not available. The course,

if provided, is rounded to within 10 degrees of the true

course.

Any HF detections are output next in the following format:

HF DETECTIONS OF ENEMY COMMS
X COORD Y COORD
510 510
This example informs the user there was an enemy HF

transmission originating from (510, 510) during this turn.
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Each unit, in row order, will now have all of its
detections printed. The output order varies with the plat-

form as shown below:

ORDER SUBMARINE SURFACE AIRCRAFT
1 Passive Sonar ESM Visual
2 ESM Visual EsSM
3 Radar Radar Radar
4 Visual Passive Sonar  Active Sonar
5 Active Sonar Active Sonar N/A

Passive sonar detections have the following format:

DETECTIONS OF ACTIVE SONARS BY UNIT 111
DEPTH BEARING APPROX RANGE

0 89 10
PASSIVE DETECTIONS BY UNIT1011l
COURSE SPEED DEPTH RANGE BEARING
160 30 0 12 89
100 7 1 2 199
Course, speed, and depth are as per the information in the
data base. The bearing is in both cases the bearing at CPA,
not necessarily the most current bearing. The passive detec-
tion range is the range at CPA. The approximate range for
ESM detections of active sonars is « uniformly distributed
random variable with the mean at the range at CPA. These
detections are by unit ID number 1lll.
"All ESM detections appear in the following format:
ESM INTERCEPTS BY UNIT 333
RADAR BEARING PLATFORM
13 91 33

12 26 29
RADAR TYPE 12 = SURFACE SEARCH TYPE 13 = AIR SEARCH
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In the above example unit 333 has detected an air search
radar (type 13) and a surface search radar. Both bearings
are the radar bearings at CPA. The platform number is the
middle two digits of the type number. "33" represents a
Red CG/CLG and "29" is a Red helo.

Air and surface search radar detections appear jointly
by unit. 1In the following example, unit 666 has detected
two targets. The "12" designates the S/S radar and "13“
the A/S radar. Notice that although the air target has a
speed of 10 knots it must still be an air target of some type.
It could be a helicopter of an aircraft presumed to be
orbiting. "COMP" is the number of targets in the unit or
its composition. All detections are single targets so this
information is superfluous.

RADAR DETECTIONS BY UNIT 666 _
RADAR TYPE COURSE X COORD Y COORD SPEED COMP. i

12 160 547 448 10 1
13 225 510 510 10 1

Active sonar detections may be either friendly or enemy }
submarines. An example of a detection printout is provided r

below.

"
ak

ACTIVE SONAR DETECTIONS BY UNIT 50

DEPTH COURSE X COORD Y COORD SPEED
1 95 535 473 10
1 100 534 472 7

Unit 50 has detected two submarines in close proximity.

A depth of "1" indicates they are both shallow while a "2"

would indicate deep. (X,Y) position, course and speed are

as previously explained.
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Visual identifications, although only occurring at short
range, provide reasonably complete target identification.
In the example provided, unit 333 has two detections.
Complete type information identifies "1332" as a Red CG
of the KARA class. "1293" is a KA-25 Hormone helicopter.
The altitude in the helicopter's case is 1000 feet. Bear-
ing is still the bearing at CPA. The rest of the informa-
tion is self explanatory.

VISUAL DETECTIONS BY UNIT 333
TYPE ALT COURSE X COORD Y COORD BEARING COMP
1332 0 245 419 479 355 1
1293 1 255 497 476 244 1

An example of the terminal output for every kind of
detection has been érovided. This information is in fact
what the players will be basing their tactical decisions

on. Section D provides a similar discussion of the offline

printer output.

D. CASTAG OFFLINE PRINTER OUTPUT
Each terminal prints five sections in order. Each sec-
tion is usually no more than a page in legnth, The contents
and use of each section is discussed in order of appearance.
A representative form the Control Group should collect
the printouts and distribute sections two and three to
their respective sides. Both copies of Sections one, four,

and five should go to the Control Group.
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1. Umpire Summary of Detections

This output matches that of each terminal with the

same detections in the same order as the originating

terminal. The Control Group will need one from each ter-

B s s

minal to get a complete picture of the preceding turn.

s ——

All the information on the terminal printout is present
with the addition of the ID number of the unit detected,
the range and bearing of CPA and other pertinent information.

The CPA range is especially important for playing engage-

A = nghins Ve A

ments as this will be the range for all firing calculations.
An example of the information provided in this printout is
reproduced below.
UMPIRE COPY, PASSIVE SONAR DETECTIONS, UNIT 51
ID SPD DEPTH CSE X Y TYPE RGE BRG
555 17 0 90 548 491 2347 5 60
UMPIRE VERSION OF VISUAL SIGHTINGS, UNIT 71

TYPE ALT. COURSE X COORD Y COORD BRG COMP CPA RNG 1ID
2333 0 90 513 480 67 1 11 333

ESMDET, UMPIRE VERSION ID = 71
RADAR BEARING PLATFORM ID NO. CPA RANGE

12 88 32 444 25 !
13 88 32 444 25 .
13 70 34 555 45
13 101 34 666 71

RADAR TYPE 12 = SURFACE SEARCH TYPE 13 = AIR SEARCH

UMPIRE VERSION OF RADAR DETECTIONS, UNIT 71
ID TYPE RADAR CSE X GRID Y GRID SPEED COMP CPA RGE & BRG
333 2333 12 90 513 480 11 1 11 67

2. Red/Blue Cartesian Plot

For each terminal, a plop of all the side's forces

in a 1000 by 1000 mile cartesian plot in the positive gquadrant

QEges e vye -~ —vepay Jrwastene

is provided. All detections which specified an (X,Y) position
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are also plotted on this page. The two sides' units are
plotted with different symbols ("+" and "."). This is
distributed to the players.

3. Status of Forces Table

Each side receives page 3 which lists their forces
and the current game time in hours and minutes. An example
is provided below:

STATUS OF FORCES AS OF 8 HRS. 30 MIN

UNIT SPEED DEPTH COURSE X Y TYPE MAX MAX MAX MAX
ID KTS /HT DEG T GRID GRID SPD S/S A/S SNR

50 30 0 265 476 478 1332 34 25 150 10
51 10 0 265 530 488 1333 35 20 150 10
52 10 0 265 532 448 1346 34 20 150 10
60 7 100 555 467 1110 30 100 0 30

1
0 0 20 90 900 500 1281 450 200 0 0
71 10 1l 225 493 472 1293 120 30 30 2

The last four columns are the maximum speed and sensor
ranges for the unit in question. Note that the fifth is
out of play.

4., Umpire's Cartesian Plot

A plot of all the units in the game including those
out of play is provided on each terminal's output. The
format is the same as that for the players. The copies
from both terminals should be identical. Two are provided
for the convenience of the Control Group.

5. Data Base Printout

File FTO02F00l1 is printed out on each terminal as it
appears following the execution of TURN but without the
updating accomplished in the CHANGE program. Each terminal's

copy should be identical. Both copies are provided for

Control Group use.
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E. PROGRAM FAILURES

Only two kinds of program failures should occur in
CASTAG. Either a data entry error in the interactive phases
or a CP/CMS shutdown may cause termination of the program.
The critical consideration in restarting CASTAG is that
both programs in two different terminals must be kept exe~-
cuting together. Suggestions for dealing with some of the
various possibilities are provided in this section.

1. Data Entry Error

Data entries to the EXEC routine cannot normally

cause termination as illegal entries cycle the program

back to the input statement. Entry of the wrong side,
i.e., "R" vice "B" or wrong user ID will prevent any file
transfers. To recover, terminate the EXEC and manually
make the required transfer. Next turn the programs can be
restarted together.

Although only three entries are required for SEARCH,
these may have the most damaging effect as some illegal
character entries are read as zero. If the TURN program
terminates, the CASTAG EXEC may be restarted. "1" and "2"
are the only entries accepted for Red/Blue terminal desig- ;
nation. Should both terminals enter the same number, stop
execution and restart execution with "CASTAG EXEC". A
time of zero will cause no movement or detections and again,
the program may be restarted. The worst case is if the
programs start with two different times. The original data

base will be irrevocably changed to reflect movement. Short

[
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of retyping the data base the only solution is to have

the terminal with the shorter time execute SEARCH for the
difference. The only effect on the game would be one more
HFDF segment for the terminal executing twice.

CHANGE is where most errors usually occur due to
the large number of entries required. All entries to
CHANGE with the exception of the first may be changed again
and again until the user terminates the program. The first
entry which tells the program if it is Red or Blue will
cause an error if the number does not match that entered
in SEARCH. If CHANGE does terminate, it can be restarted
with "CHANGE". The rest of the EXEC will have to be done
manually until it is time to start the next turn. Then
CASTAG EXEC can be restarted to get both terminals back
together.

2. CP/CMS Failure

When a CP/CMS failure occurs, immediately check to
see what condition file FT02F001 (the data base) is in. 1If
both terminals were exactly in step and CP/CMS went down
just after the file was rewound on both terminals but
before the information was written back on the file, the
data base will be lost.

Assuming the data base is intact on one terminal,
execute CASTAG from the top utilizing the data base trans-
fer section. The critical consideration is that both ter-

minals always start from identical data bases.
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V. FUTURE DEVELOPMENT AND RESULTS

A. IMPROVEMENTS AND EXTENSIONS OF CASTAG

Future work on CASTAG falls into three major cate-
gories. First, there is the inclusion of those parts of

SEATAG not programmed. Second is improvements to facilitate

play and umpire functions of the part of the game now
covered. Last, improvements to the program to use less
core and improve programming efficiency should be con-

sidered.

1. Tactical Improvements

In SEATAG, surface units with two air search radars
are given no more capability than a unit with only one.
Units with the dual capability should have some kind of

enhanced detection capability against air targets.

The time constraint forced the omission of sonobuoy
fields for ASW aircraft. These are treated as static
detection areas in the game with a different detection
methodology. Currently, they could be played manually in

conjunction with CASTAG by the Control Group.

To make CASTAG a complete game requires the pro-
gramming of the SEATAG engagement and damage methodology.
In the author's opinion, an effort approximating the work
done on this project would be required to accomplish this.

2, Display and Bookkeeping Improvements

The Control Group is required to monitor aircraft

and diesel submarine time on station to prevent unrealistic




mission lengths. Time on station or time submerged could

easily be kept in one of the unused columns of the DATA
array.

To facilitate play of aircraft, the SEATAG aircraft

carrier packages would speed play and reduce the number of

 a———

units devoted to air assets. If the Blue player wants to
J use the SEATAG CV around the clock defensive package with
v a strike or cap surge, he will have to operate fifteen plus ’

aircraft. The CV begins to approach the program limit of

total units in a carrier strike warfare environment. In

conjunction with programming the packages, multiple units

.
- ——— e e

where 10 strike aircraft would be one unit of composition

10 would be introduced.

The 1000 by 1000 mile plots should be made variable

so the players can enter a midpoint and radius to designate

the plot limits. Since most engagements take place at
ranges less than 100 miles, a smaller scale output centered
around the area of interest would be an improvement.

The player output should include a current range
calculation whenever the (X,Y) position is given. As it

now stands, the players have to make this determination ]

themselves.

3. Programming Improvements

The input screening and interactive sequences have
ample room for improvement. Some could be eliminated,
particularly two of the three inputs telling the terminal

whether it is Red or Blue.
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The arrays RADAR, SONAR, ESMDET, INTELL and HFDF

are redundant. Their function could have been handled by
one array.
There are, no doubt, other inefficiencies the dis-

cerning programmer could spot.

B. RESULTS

The SEATAG Documentation suggests lunch breaks and
related lectures as a way to utilize the time the two sides
will spend waiting for the umpires to finish. This is an
example of the principal difficulty with a manual wargame,
the time factor.

CASTAG reduces the time to play a turn of SEATAG to
less than fifteen minutes. All of the time saved comes
from what was essentially idle time for the players while
the Control Group plotted the moves. The game can be used
as is in the various wargaming courses extant at the Naval

Postgraduate School and perhaps elsewhere.
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APPENDIX A

ADDITIONAL UNITS

- 1 AR —— o e .

Ship Ci /A f1 N RED/d
ame :
1p Class 7Awccra KRESTA I (4) he: CLG
RANGE * (nm) RANGE * (nm)
CHARACTERISTICS | SENSOR | FUNCTION Sood 1 B34 SENSOR FUNCTION Cood | Bod
FLD/MTOW(T): 8000 I SURE 20 | 15 IPEEL GRPl (2) MFCS = 1=
L(t): ETl C AIR ROR | 150 | 75 |MUFF COH (2) GFCS - 1=
w/B(f:_56__ | NET [ AIR RADAR | 150 | 75 |BASS 'rgg (2) GFCS - | -
D/H{1): _20 [ PLINTH NET 2 SCooR/_ | (1) SSM/MFCS| = | -
Ceiling{kft): PAIR
Spd: Mox(kt): 35 SONAR ASW 10 2
Cruise(kt): # LAUNCHERS  # BARRELS, TOTAL RANGE * {am
Potrol(kt): 18 WEAPONS | FUNCTION or MOUNTS RAILS PER SYS | WPNS | Min | Mox
Mission SS-N=-3 | ASUW/SSM 2 2 4 2 304
Time(h): 20 day . |SA-N-1 | AAW/SAM 2 2 60 2 116
Endurance [ 57mm_GUN| AAW 2 2 1000 Q 3
of Cruise(nm)5500 | 20mm GUN| ASMD 4 _ - 2000 ! o 1l
Remoarks: MBU2500 ' ASW 2 12 48 0 3
4 BOILERS MBU4500 ' ASW 2 6 24 Q 1
TURBINES-2 21"TT ASW/ASUW 2 5 10 2 10
100,000 sHP #170 \M WITH EXTERNAL TARGETING
1 HORMONE A/B: HELIOOPTERS
NOTES: * These .otional values are not necessoﬁl¥ precise . They are "cosT”
consigered representative und provided for game purposes only .
50 TOKENS
Ship Closs /Aircroft Name : RED/BLUE
P e ' KYNDA CLASS (4) Titie: CLG
» [ ]
CHARACTERISTICS | SENSOR | FUNCTION oot 2N SENSOR  FUNCTION A o]
FLO/MTOW(T): 5700 | DON SURF RADAR 20 15 ISQOop/ (2) SsM/ - -
L(r): 468 [HEAD NET (A AIR RDR 150 _75 (PAIR MECS -
w/B(#): 52 |SONAR  |ASwW 10 2 IPEFL/ (1) sam/ — =
D/H(f1): 17 GROUP _MFCS
Ceiling{nft): (1) 76mm - =
Spd: ml(kt):___
Cruise(kt): # LAUNCHERS # BARRELS, TOTAL RANGE ™ (nm)
Patrol (k1): WEAPONS | FUNCTION or MOUNTS | RAILS PER SYS | WPNS [ Min | Mox
Kiission =N-3  |ASUW/SSM 2 4 16 2 130%
Time(ne): 15 day SA-N-1 |ABW/SAM 1 2 30 2 116
Endurance /6mm GUN 2 2 1000 pn_ 1 s
ot Cruise(nm) 7000 MBU2500 |ASW 1 12 24 | g 13
Remarks : 1" TT |ASW/ASUW 2 3 12 2 110
4 BOILERS
2 ?IRBINES #170 NM H EXTERNAL TARGETING
100,000 SHP '
NOTES: ® These notional values are not necessarily precise . They are “cosT"
considered representative and provided for game purposes only. 40 TOKENS
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APPENDIX B

CHANGE OUTPUT

EXECUTION BEINGS...
ENTER 1 FOR RED, 2 FOR BLUE, FORMAT 1lIl.

>1

IT IS 360. Z TIME, YOU HAVE 6 UNITS.

ENTER THE ROW NUMBER OF THE UNIT YOU WISH TO CHANGE THE
STAUTS OF, 1I2, "O" WILL INDICATE NO CHANGES TO ANY UNIT.

>03
CODE UNIT ID= 52

2 SPEED 1S 10 KIS.

3 ALT/DEPTH= 0*10**3 / 1=SHALLOW, 2=DEEP.

4 COURSE 1is 80 T.

5 SURFACE SEARCH RADAR: 0 1=ON.

6 AIR SEARCH RADAR: 0 O0=OFF.

7 SONAR: 0

8 HF COMMUNICATIONS: 0
ENTER THE CODE NUMBER OF THE LINE YOU WANT TO CHANGE,
111. " 0" MEANS NO CHANGES TO THIS UNIT.
>5

ENTER THE NEW VALUE FOR CODE NO. 5, 1lI4.

>0001
CODE UNIT ID= 52

2 SPEED IS 10 KTS.

3 ALT/DEPTH= 0*10**3 / 1=SHALLOW,2=DEEP.

4 COURSE 1S 80 T.

5 SURFACE SEARCH RADAR: 1 1=0N.

6 AIR SEARCH RADAR: 0 O=0FF.

7 SONAR: 0

8 HF COMMUNICATIONS: 0
ENTER THE CODE NUMBER OF THE LINE YOU WANT TO CHANGE,
1I1l. " 0" MEANS NO CHANGES TO THIS UNIT.
>0

IT IS 360. 2 TIME, YOU HAVE 6 UNITS.
ENTER THE ROW NUMBER OF THE UNIT YOU WISH TO CHANGE THE
STATUS OF, 1lI2, "O0" WILL INDICATE NO CHANGES TO ANY UNIT.

>0

IF YOU WISH TO BRING AN OUT OF PLAY UNIT

INTO PLAY OR PUT A UNIT OUT OF PLAY ( I.E. SINK IT),
ENTER THE ROW NUMBER OF THAT UNIT, 1lI2. "“0" MEANS
NO UNITS TO PUT IN OR OUT OF PLAY.

>05
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CODE UNIT ID= 0
2 SPEED IS 0 KTS.
3 ALT/DEPTH= 20*10**3 / 1=SHALLOW,2=DEEP.
4 COURSE IS 90 T.

ENTER THE NEW UNIT ID ,1I4. "0" PUTS THE UNIT
OUT OF PLAY. ANY OTHER VALUE BRINGS THE UNIT INTO
PLAY WITH THAT ID NUMBER.

>0077

UNIT 5 IS NOW AT 900 500

ENTER FORMAT I4 FIRST THE NEW X COORDIANTE

THEN, AFTER THE SECOND APPEARS, THE NEW Y COORDINATE.

> 100

> 100

IF YOU WISH TO BRING AN OUT OF PLAY UNIT

INTO PLAY OR PUT A UNIT OUT OF PLAY ( I.E. SINK IT),
ENTER THE ROW NUMBER OF THAT UNIT, 1I2. "0" MEANS
NO UNITS TO PUT IN OR OUT OF PLAY.

> 3

CODE UNIT ID= 52
2 SPEED IS 10 KTS. :
3 ALT/DEPTH= 0*10**3 / 1=SHALLOW,2=DDEP.
4 COURSE IS 80 T.

ENTER THE NEW UNIT ID ,1I4. "0" PUTS THE UNIT

OUT OF PLAY. ANY OTHER VALUE BRINGS THE UNIT INTO
PLAY WITH THAT ID NUMBER.

>0

IF YOU WISH TO BRING AN OUT OF PLAY UNIT

INTO PLAY OR PUT A UNIT OUT OF PLAY ( I.E. SINK IT),
ENTER THE ROW NUMBER OF THAT UNIT, 112, "O" MEANS
NO UNITS TO PUT IN OR OUT OF PLAY.

>0
R; T=0.92/2.63 10.38.02

>

134




e ——— e < U

CASTAG EXECUTIVE PRCCRAM

o g A TIRANM ol

] [ ]
o H
2 w
- H .
' Do @ w
& warxy <£ o [P
— oow w 20
W> s - -
o - We-Z —d
win wud s w -
> D«a Z [TV o
<au woo aguzZw
—dled ['N.'2 [re™ WX I *
[-% Wl Qb= oy WwWZ
wZ - . - 4 WZgq W
v o< 4 —orh- W Y4 4.4
<t T LW - a oy
oo Ic [-4 > oY 4 X =
— - (=) NIl Sy o w2
<X =t ) it U D Y = -
Lt 72 L-4 D= IarOoalI 1. 4
o<y t [ QRS O 2w
Wiy N ) [+ 4 [« SVSITREC VI E N S ) Lo r -t
Z < w s NWVY o LS O
—~aqQ — - wiaoaxw (ol N AS]TR
— - [TR-"4 2 [7 TN Y. STTT D of ot
wa o< u’ «<ODU I <LQO >l
Oxa x Q O 2 - I
= ¢ @ o W=z b Lo
XV Ul - AT L4 O C 2=
VoAV oW [a) L -00x WD~
wia.— ZOo. — < el =l - ZZ2Z
Xk D= =] ou U O D e
W 204 o ] o QOww owr Q
— gL H 1] w g NV QarZged
—-OJXT [« 4+4-¥% Tuwvuicsa wnZoouw
AL Wt o iy W we o
VX VN — [WF I TH w w [a]
NG LU D0 nuV=COUagq v -t - <
WE I - VI O=ZWZ-- Z0NS -0 JOD W -
angdo Was @x ¢ O qgdg qOC w20 Od o
w @« a« IO W VeOUXCOD XNV I V= c
SWONTI = e > TO D [t % 3 L- (TR T - VS u.
wnIcaQu < 1OWda ocuws 1) —E g | N
b -t @xOw ) uli LOurd w «a>s hd
- AU W a ONFZ Zup VLOOW 2> sxg [ ]wn) |
v Iu X e w =0 = v =D g3 Y O = Wwioow.
DN & ZOWN Dx Or0 JwZ0 000Z I>0Ouva OO s ol w
— =L W - ZU QUi qQa OO T X" OO ZWW 2
HSNTOU [« W -T W 3 W WWW D & I ww - _Z
W= = O =t W Z O W< P O mabh
W>»I T ZOwm 0O Y AZm=DZ 2 > Z> nNZruwoer
OV 2Bq =20V O UV =UXO~00WV VUL = X=0OWn Do <
= O QUUWUWMULIZF~OOOWW WZFULVOoW vOVLOWU
- 2% e D LT 3 a. WL CUZRAIW W O
D O -qW U ol ol el Lo ashe Qo ol ! I olaw

DIZ?2Z2Z<L ZZ Xt ZP2Z ZZ NrledC W= T Z T el NMIOW

U T ot ot 50 et 0 (1) 0 g ) I ) 22 L a2 et Ot et N Bt 0t ) (D W DU ) o L Pt S P L) WD W) | ) £ e £ W Y
AW rWEraoa g coxaooeed e 1Tl N & -4 Wi X O XQ
»OaaddavacdwDowu.aaocavacalilldy,~ ddodwlloeDx a v
DD I2DDID XWX I DDDED DXL = —LULAAAIDDam~ OF~a OF
WD @I W Wt | ) I I W WL W W | WIW WWWW | VWWWWWWWwWwOwW | WVOU I

"""L‘?:"‘f )




i
b
!
i
’
|
!
!
{
;
N —
o © 3
¥ 3 Q
[-'4 =z w
w H K
i I <
3 - ] [ 4 [
' () s o o
<
w - 4 - ]
I > -t
- o H -t
< Q o
(&) 4 o Qe o
"~ W H 7] [T VE] r
) > - (320 8 <
w J H < O v w
- O u -
— = 4 uw -
u uw w (o] [Vs] —
— [ o *— 2
[a} P-4 o ~I =}
u = W w OoF
- - [ 4 Q ()
Qs - [V -~
W - U N
QL = Q [+ ] (=] .
Do w — >
ZWw o (] [T 7}
< o +— — o
(727~ 4 jam | wmo W
Lt ] (&) Q w |
X o w ax z
W<t (7] - >0 w
NN — o =0
- - D I (@] Do~ -
a Lo - a wu a <
< I W= ) - [+ 4
- 20— W [+a]Ve] -—0x o]
o U U - oCc Wi w o -
< P - - —<
o * Vax X —t —t - P wo x un
Q QUWICS wdemd [ I | Qo o w O >0Q w ¢
L) ot Wi Wuwiem W0 (=] o (2] <l I wn
xXO xXg = W TOO W U < X I - X
o -l (] [ < (.2} ] O Q)
L xuw . e (%) wu (&) (5] w g Z
L aNZ « U Wl QOue ce- - > —_UdO0g O
O WO WIWwkE OCQ W e ou < e R -
S -dO>Z el O wes [T Ww I © oQdmT> O
EXOLLZOICNUW NI~ Qaxmd W DWW D (L} T<cLOVOS O
Wi—w WO WIZ W ZO0J Z JuZ DO NS~ = &I
—a W0 o - 1v] CUb=tp=ill, === O L id * Y
L I JZ W Z xo ZWZ ULOMERWL = > > %D Ww
OO =000 WV o 17 < OZ Zun v O +=WwWaQwn
XOXULOEOZZ LVOOUUOUWULIOLOWLWVOQLUOU OWW U [Qad-we
uw uw a «aq QAWWAIAWDILILY Y &V W WU Lr = L= ol
Wbtk WDt Q I I | WEIXWY < [l nd a9 5 S - 4
VI ZUWOZ2Z et AV WOW wour Ut~ ~-~OuwZzZD - e
L) reld W W W E W W LI b Z e UL LW ™l LW it W Z ) WP
NWLAMWLX X WS - WXODX PO IX UYL WEEZLNVI  —
OdgIoaa<adNLiL L WL~ A O+ Qa WV guuhaowvaadg<eiulx
et ) A IO T et QL et (DA AOXQA QCEQAX= =D OO
OWL UV W@ | WWWWWWWW ! WOWW 1 VOV | OWWWU JWW W W W Ww
136




P
e L i

: COLOOOUOUVODUOLOLOLWOLOOURL CUNUOOOCUOWOWOOOO0O
' AN PO D P Ot M IT O O PO (M 6O 0 O O i €4 T LI e RGP O = (Y(¥o T

O OO O CI O gt =l gt od o 7 4yt o= N N N TN YOO TN T TN (O OV T T T
{ 000000V OLWOOOLOOLHONORODLUOVOOOOVIOOWOOOOOC
! Q00000 CO0OLLOCOUOVLOOVOCOOVAONC0OTCCOVODODOO
! b e e b b e b b b e b b b e e e b e e e e e b e e
: L UL AL L L G U LU G LS L Ul L UL L LR LU AL U LS L L L L L LU W AL AL W W WL
' 0CCO0000COOLALCO00RCO0LOO0CLOCLEOOLODOOCOOLAan

0T(50),

-l

P
4
F4.C.')

T
0
5
)
P
S
X
FORMAT IT7.%4/)
OF THIS TURN,
n2" IF BLUE.

T
2
)
1
L
S
1

SEEDy

S mdde V)0
WUV oo T e

N wwp=ijem & ¢ 24}
L < & NI
[l S ]alal g Nell
@M= TZWWa
oQ =NV =]

SEARCH
IN MINULTES,

et e\ O E o
O\ s =il >
@ *OVor-O
O sANE W
*Nw O +N0
@ X" OW
qOLw o= o)
LWL i XKW
OwOlWk JgDO
WV NFSCSOE
X ZOUZA
o oy Z o>
X~ * W
qqEL oX Spd
QA N~
g *FIODE™O
XZO +X AT INNNO

NDCM NUMBER

TIME,
IF YOU ARE THE RED PLAYER,

TIVE OF TURN & WHETHER RED CR BLUE

E RA
SEED
ZTIMEsNREDyNBLLE

ED,
2)
T
) K

wo ™

V= O

UL -t

ERI o UWMWILLR &£ "W SO L Lo o
XEZONNIVEWO 1JX +Z TWIEQ~

[Ty Wikl rssaptoill] C(F=eNO HEX CC<Tem
(L A QU\NI’- [TV e Wlpeell i We Oty

FORTRAN PROGRAM

i N ; @ g o e g W WA o g

onNoa Ze

—eONH 0 ll

WZe Lew il | 1 Z2wXw Qw il

el 2 ZH1 0"”
W wZ o ot H H™NmN
OVZCAdLoOOoW ox QQQ!!!D— nQx
WWOOT WOM X S XWILIWWNWNVIe Qv
[ R VTS .l STUSL-QISIVEITET ol . A7 10 ]
EP"E AL L BIVIVIFEQa.VIVIVIWD L W S 0. L
~C) L ZLEZZ v et o X O Z T Z
VL VL “

13

-z - HZ ~NZ Z
L N Fw whe e b
wuwa SQ00ulLd oGl <w W o «
FIQOIWWWFETEOEIOVIZTEINQE
QAU QL X IO oL L
S OWOUVIVIVIG QWP ) L) & WL
K X~ PLCLOULZZ L U
(S

N ™ T N 9 v~ W
Q@ o v o o o o
[ B ] L I ] ved -y -t

8

7




i
i
|
|
i

——

o e e o W

- ——————

i

OOLVLOLCOONOO00VCLOOLOOOCONOVOOUOOCLLLOVOVIOOOLO
VO D0 O Qe NN T UG o B0 R 4t N TN O~ T O N TV O DO O et NV F LN O D O O i N
T OO 16130 0 N0 W W) W O W W0 N0 P 1 o e e e P e o e G0 QU L) G G0 GO QO 0 GO 0 PN
OO0 OLO000LOCO00OOOCOOOWONVVO00DOOOLVLOUOOVOOOWVO
O0VOOOVOOLOOOOOVOCOOVO0OWCOOLOOOD000UROUOODWOOVO
D e e e e e N e e el e o s o ol e e e e e e e o o e e ot wf o o
AL UL LA L R L UL U L LU U AL L L LA T L U L LU AL L L G U UL L WAL L U
[YalalalulalelalalalalalalalslelalalnlalalalsladalalalalaJslaldlaldlelalalaalalalalalalaYala o]

-

("3

-
L] -
[*3]
) o -
o -t

x
[ «<) ']
- Q x
x L4
[ w -
x >
xx Z <<
VWl e w x
D - [ o 4
[SF 3,1 L4 -
208§ w -
< - o )
- e W =
Q o= o L] o -
Wat X o Qv -~
- [ (=L T Za*Xx
-l VOZE ¥ SId-<
O - Z - wx
¥ v v - Qe - Wetor Z
> Z O ZUVWWVN= | SO -
(] L. 4 - [ ao (] o TR ]
- o o= £ Wwiwn W Ul "
[T ] - g R - —tua
[ < 9 L o e il L0 -
[x) n ITsTTvars PR UL e~
4 - e B - S T Nop— ZX
- o o~ - we ex 00U o
o~ q - - - H~dy =
Q - N O EW M WX LW o
. - o DFW - WD e
w Q - - ZrtXE e ¢ XTOZ dAdw
2 = » P ot VI e OWOX
«N Z w - = < - -«
- - - e & I Nax=<dX
an Q q g °X o
- N - - VwOxa ¥ =mggITaAn
w o < < oo Wl D O
‘Ow X 0 o L I A 10 * -
[E]TH &) o (=] V) - -  y) - [ 40 LA E 2 of
C4 'S (=] " - [~ 97, 1 W& L
g e 4O o n " Do Q -~ Wem  ZWAQ. = > =i ZWer
e >»QAOO O OO " o) -t D=t g WOl O¢ W—DSZXO
e 0 ORI N F = -0 -~ X000 -0 D e OmM . e

N T OO oZ " oy OJ - Ot Dot = %4 0 Ui oQF X

[- 4741 ) omen MW > - en [ XX oF £ o -lithd o F U™ A UM WUV
00O ZHH it H e e Y9374 ] o WV XUV e QO
wgo e HH e Pl $wild it wmild-W) SNUN i) e N QP ‘<I0.OWV

W pfomem gy ¢ Y WD D WD Cormitirnd e W ==ONOQOINW QU w
9D UMINSE ww™ el DL WwZOQIUWE H O~W-LWNIWDwwe JTa Wwoo
Ot & oL ®rttt P ol =N\ il T DLt Z D ZDOmtem F += T Z e
wao bt ag pod L Lot e AN L e et ZX o VN Z 0 wh-Z wZTitmwi-O | aadand ——
ettt OOl OZw Z W & ™WUZOWZr O qA™N =N GZ - WNRW-3$ W
- QLN VOO0 00 OO0 QOQ OrFrQMOQIrMOkFr wNOX=VE ww k- Owr-
W Qqar-QEVFFrFOLZ Y Z0 QL) AT AZU wdX Xl P O 9t
-

e e e NI - 0 “a e L LA A/ e e AR e b O e
——— QU wo ¥ z VXOEELVOXD g N=m~mE X
™ - w 0o -~ N v
— (] (] - g\ (& o] ] ™ (& 14) ]
=d -t
Q &) v Q a1s ¥
138

. . *
Ss - i alagl A TRy 1 * o srlbplihed s 3 <
S Tl : & 7




O —— e e

L TP DO L) i bbb ot

BRI 1 A APt At ;o Rl Al s . -

CoOUQOUOCLODOVOLOLWOLECOQLOCLVOOLOLUCVWOOCQOOCLOLUOUCOOOO0O
MO TOVNNEDRO= NI TOLCTOPC=SANNTOVOFDPOmNOTNONDC O ~NNM PO O0
VPP PPN OO OO 0O OO O it gl put 7d gt o= wod gt el (N TN NN O IN OO O NI OOV T
€I QD CO €O vt mnl ) 5t gamed $ont s qut g ool e vt g0l g 204 g 9= v gt g gt gt 7 el et 9 ] 0l o g 9t et o 4= o g 0 g gl e g
[£]lelelalale’Blalalele]llalalaslBlaldalalélalolblalalelolalalalBlolololalelasldlalelalSelalelals)
[l ad cl el o o ot Sl S Sl R ot o ol ot ol ol sl ol ol ol ol ad ool o ol ol ol sl oud il ol ol ol il ot ol o ot ol g
L AL U LA LIS L L L U L e L G LSS G L (L U G L U 0 L () L U et U LRI W WU U L UL U I AL
[aY=lal el ilalalalalalal~Tal2lalalalalalalals|alalalldlaldacfala]alala]alafsldlalalalalalaw)

® g
-,
L 3N N 4
we w
*x oL
~qZ
Zaw
—t
x
»xwv
® <™
e
~N
—t
[ 4
o XV
<™~
*X )
v
- [+ 4
-t E X Y=
- - (W] - Q.
p | -l ) ) *eXwv
D o P4 o -— - 3
8 w - (8 - I o™
< < —t 4 w a -w
- - - P-4 L~ 4 Q.
Lo vd L ol -~ = L o>
" n " ow - (5] [ and
-2 e J - - a X Z W O -
w - — - - [ &) — L
D = - LI ad [ d -t > -
-t -~ - - - - <« - - W W -
D - N -t N o ot x < ~
Z - - - L -d - - (] L
- = - - w MO e - P NXe =
QO e [ ) o - > - W - - W g *
W w [ w — - = 1 o 2 O O e
X - - o ~— 0D w W - > W Qv
Z <« < 4 < Z2 € 0O - - X Z Ownt=  =tum
- - (= - - - = . ~ m~ e WY >0
w g < OWw < MU Q@ O o n - Qoa - > .-
Z 0O Q T o oxr a v Q = QalwQOw =X
- - — - - w - TO » e LLde=sOO WM™
- o O (6] w anc Y QX - -
N e - g _— ey em - 3 Q > - e NI L-qTq}
-t -4 -t -t o= =t Kl & e - S ) | ==
-~ O o o=~ © C= O w»n i Ob=p= s b= llib=Q =N
Lo~ - DO wm DO w QA OoON - Z Orgqda OIgqQWI—0 »
OlWe We YL T= -y - W Ow O QudZFt= IO\ Zw S
QLY DY el e X N, vy $mt =-OADgd Q= - -
¥ PLY) LIV (N e o) =t ed) 0 O W Ow O XZ00 XY QO Z= o
NX Srt Qe AL re X@r— = ¢ Wi g ™ —y & - e UV "Je -
-l Z0 At =] MNZL VO O = wOmmt Qi H e oilp=-i O N
Qe Z oZ T COwe oM QOO0 ¢+ XXENWLMO O O®eia X *s O
ZWUHw e WU w WOrw Q WU INOWZ Nt W s S mem JSNTV 1O -
< WH Wexxw W N WUImO=O YO ew il Q0. *e=iliQ o e WO
I D) w D) DY n Zuo W= mtwrw D ODws b= e D
w -2z =-2Z0 =~ =Z0 ZrN AR Nee T D = ZODwh O WeZ
@ LI U 1t ot P g 950 et U T, Ot st 9t (L] P o Ot e W ar-waax POO™ W Zrmtet— <l
= A Y i E PP P wanmononF Z X dw JOJId-ED OE-
Er BZ BZ =& ZZ ™ KRE mONNErm=- i 20 wad QLA Ldre(X - N 4]

WY W WUl LS. WDWwwwwrl JUUQUUINSmLQLUR» )y (W 1. 4
L0 VO USESLO UES0 LVUXEKXXX™AZEULIm~—O0 WVWUOIBhe s O WLOE
[B18 ]
["3) r~ [ [=] ~ w W r~ w (5 L)
m (2] ~y L 4 [ 4] '3 n n VW
=]

139




-

~—— - Sy -

CO0COUVECLOCOLOUOTEOO00000A0OOCULLUODUOLUROOODOCOWY
=AM TN OO G Ot (N M TN M= U O e N M N O 0 0 O et N M T UG M= 0 G Ot UM 41 O P~ 00
T LT T T T N DO 16 O W 1010 0 00N WIS 11 1= e e e 00 00 00 0 (0 & DWW

ol gund 90 guun 9t vl gy gt gl o gl gl g $ gt Gt el g gl el g e el o 0= ot vt gmd
CVOO0O00NOOECOCEOVOVVOOOUOOVOO0000LOLOOEOWOOOOOWOO
P e e e e e el e e e e e e e e e e o e e e e
L UL LU L L L LU UL U AT Ll L L L LA U L LS U LA U L U L U LU LU WAL L W LU W W WS
oY=ttt =T lay === l=Y=l=1al=Y=Ta = =]= = (= l=l= =l eY=Y=t= o =Y =tatatal=t=T=Y=T=T1=Y=Y=T=T=1=}

A winm) X

e ot gar gt Pt e 9t gl g et et

i - -
- -y
() o
" - n -
~ Q - [ ]
{ - - - -
\ o ma ) a
a el Q> - >
-0 W e as -
Nw W e M=
- . e sNU -~ ex QU
WO Qe Nem W
! LN *a o -~ * s
¥

NLwO N o

WO b=t = 0OC gq<g Owi-emiQ o
OO EW o | oud oot TAQw » o o
e LAXOuwIX (VRN VIQ XX T ONX
q LW L WO WL W
- ) & ™ d [oad . e LI Wit
QN «Z £ L g g «ZZWZ
D uromt=t o otme 47, ] = O\lomi=t o/, o=
e BENE Ui E -0 O CwNE J—E
WO = swo nLO OX « ol
CxC=pku » * %N oOQ e &« o
LZanZuw = o o L Of (NN ZZ et LS
- orNE NN OZ » s OXE
- aOO e i & - U OO0 ellis
L ™ il » P oUW o = UNOVO W W
~— - DT milsy, ™l t. *% s LV
- - nVNAwQV o0 ot bt WAV bl
-t - . O, * LI RV, > V) opmpL & o
Lo - 4 OWaA WA LW I oo =l oL -
o - aauoa « ©O = vl g QuoQoead Q
- w - o el * - O JFTaoWIL 0"
Q P o) el) L e I q *Q MNZ w
w P X =~wuZE ot 3 ao Y emllC o -
- 4 Q V) oD QO o X Gy o VI O e w
Zz 4 o\ e Y -~ —— e aX b o
- - - QU e onNW N e s OO QU s e l) —
oy = (Nem = @ ~QVx O Lot 20 ] X «OVgar-Q Q
tomt A o W LI ol o2 [l N ) OGN eON2
cee ) Ve o - Nw OOV —r L 4ot ot e o "N Qg W - O
no o 0 O [PV e AToL -E YY) = @ exnaOouw [and N
e > wme > AQOCw - O <<l o o O~ *ou & Q
e e - LUV Ld ® w 4 Qr-r- LNZ i »X ws
e L - OwOWa 900 (=Ll £ Gl EO~OWJd Xaw
gg ODpr-«a O wt) VNE-FOE DV Ww 0OQXX W VO dnNX
Qb JdJdd- J W X ZQUIO0= D=k * o B X ZOVZT Te=Z~
Wadg AnOd O > e O Z + 0N /A ) HNY E oo Z o ZTweax
X000 X£ O X QT o+ WA D0Cwmem & o DX~ o W [ i
- - ey - AGCAW o3 +MWBY L dSX X e LU o)X wpeuirmy =)
-~ ol N P B - O NUrA =N *lLU & Sy QanN=Wrm e« O »
=t gl Q - Q w<a CTE DA G oot nogg W o FTOXeND =
Efmen _ANpmen ) ZXEZO *0f I B—riomd LI ol IO oL ABN Zrrw

L T TV VT W T T.
WPt T 0 D gt W D

- ONOL@Z U HN redgwWw - UNOAmMZ Ta
el Z WX CwwQDD [ Lt AT -4 "4 arox
— 2D eeZD HNUN Ll » » e CeowZZ2 DUNEwZ oo O
q<MOO= QO CVZAULOQWENO VW = OOZIULQOWONI z
AIVL O =i EWIUOOAI WD =N IgaAllLi-F-D CWWOLIWOM SO
C 0AZd 0CALIVUCUUI-AAUDA=~OL OrOQE=ZZr-OMIquLIg=~ Qdua
WUAAPLUQURIFJAFLC~L I 4 ULILAI0 W C o & UE L L LI D)
(TeX VLWL LLVIIVIEQ (%) (- 4=15} VO W=D 8] o

YL VU VY VO
~ ™~ ©wow "
W w v -
o

=, v T T

P =

140

B L T




LOVOUOOOVOUCOONECOOCOOCOVOO0OCCOODOUDUOODOOCOUCO
DO et N TN O D PO NN T LD U O O Dot F U O 0 O Ot NN T O =0 O O e NN T U0
VP PPV OC PP PRI OO OO OO O ot ot rmd ot et et md st ot (N IO IO TN UMM (N VR
ol et gt g e et et e gt st 8 NN N TN CON N N OO N OV O N ENN N NN O NN O O VN N N TV O N NN
0O0OVOOOOOVOOOOTO00O00ODOOUOOO0000POOOVOVOOCOOO00
T e e e e e e e g e e e e o it e e e e e i
A L L U L AL L LA UL L A L L L L L U Ll LS L L L UL W L L L L S L L WAL
=ty =ttt Yol =talat == la =l o= ~lal=l=al= =]~ ~ === latatat=talalal=Yalat=Y oYl a < Y=Y =T=T~

%07(50,'
YFLCT

ayr - e
bt 2 ] o
- el QW
N o
- equiO
0N VIXZ

ETQA0X » +O
VIA XX U
wo W v
e "XLILWL
g o wlILDY
=N V) L
CwNE W—ED
OF o op— w
«QO=Z o on
[V VT T T TTR )
QF e * QT J
U «QOOW. We=l1)
o N O LI U=
Y& L [T VTR P4
MUV o ) e
SN Z
oVoOalOo<g
Crs FZUIL
o WIQ ™u)
Y emil) « ol
N Q e
o\ L EWD
QY e )
- «QVCrHIL
W O edlNNZ
E alNwO X ollime
- e O
O Aw Ny oZ

CCM"S.'/OIICX'

(CICE(I)**2/.81))

+R) GO TC 12

oLE .
1d) o d=2,4)

QO - -
o W=

GO0 T0 1C

LART(1.0

- - 0 ~0wo
w O QO WLOU ~e
(] w Ol s=e L
tdew W e «0O0O
-0 W ey = QU U
- P > ol ot
-t - Pom o it ot o o
w L laal i aRVe ]
| g =] =) e P e - o
LWL I X < U WL el ™o
FOwOWwr Jg<oWw O™ AFdqdpww~
OV VFKSOXIFE X (%2} b e gdgqaga
W X ZOQPIT = Z e P odandiendiiiand 2 IOLOr
b= o<l ot [ 7, T o T Lw W omiem A O <X 2
WEXE= o Wer O < O Zet e " HOO L) gt D=
LX) =X oA | =~ L] R e e N [ ] HNOr— -
QO.(N=<Ls=~ o YUWO it - W —e Zhe
We oFFTOX WH o QL Y w W ~N=g$ - o O e
ZXZO X JTLIT OX O=tZ I NI =i &N Smon OO Xe A miXe
= ONOOMZrt= X O=liMLA.IT I W i oZ oo lUailZwO | Swlll
-z el Z FZOF DN el ID AT w P ww e tw OmZ D
M= ZZ NN wZ *» »sllIN NZ W Z Q0 $+wiw p=p=-2ZX — w2z
VAQAZ OUZAULUOWZE il w0 OUwwwZU OWULOOWUZWa OUWer

22

ENCE FRCM hF COMMS
C
o
[

G
I 50)

0

)

0
TECTICNS QF ENEMY

«9)
*
«AND.
L
TC 23
DE
/)
(HFDF (I

CE(1) +GE.
J'K, = 09
¢
-1)
HR
1
£
GO
18)
EX,VFF
CAoRE
£+19)
Er13) 216!

D1
(1
NU
UE
E

—EO0OZ-J EWUNAQORI WO | ~ Pt ed e QLQO VA Q=T XX -
VO LFQAI-E Al ™2 xugZ «agQan Wil TU LWL ZL oy ——Z
G WVUWELL™E LI LLIANW &S ™I W L gl LAXP U™l s QU

[S1. XVFI7, Y] (&) w~Ng [(S1U) LZTO LE=ZUL QLW
VO OO (&
VWO w - N " 0 © (18]
Loada )] (%] L I - ] N
(&) W
141




——

UDLOOUOOCOO0OOVOLOUNCOCOOVOOOLIODOLOOOOOQVOUOUCS
P RUOmAM TN DM DR C =N T T PO O NN 8 W00 PO i N F UV P O PO et Ny MF
MM TP T T3 F GO ELAGINN B AW N0 W MWW W O W P P P e P oo e P €0 00 B0 QO D
O OO N OO TN OO N O O N OO O O NN N OO S A I N OO ON O N O O NN N O O
COUOOUVOUVCOOO0OCO0OUOO0O00CVOOOOVEOOOUOOROCOOO000VOO
D e e e e e e e e e e e e e e e oy o =t i e ud i i e o e i
L UL LU LS Ul L L U LA LA R L LS L UL L) L L L) L LA L L L L U (A LU U A AL LU U
[a]alalélalalalalalalalelalalalalalalalslalaldalalalalalaialélalalaldalaelalalalalalalalalela)

- - - - -t
L7V I ) =t N
Q - - > - [ oad
”» x Q = = e
- I < w -
[ oo o -d -
- O —a o < -t
- v T red-24 o] <
- g LOUVCW v
- VNZV) [ w
« o) - aa >
-t D - -lid (=]
uw v < A>d o -l -t
[ ] > Lead ™ | =il -l
L N> o~ wmas < <Q -
[ o w (L) ", L Y7, ST ]S (&) -0
b T n Zd el = e o 4
(L] < - ar~on - [& 1 -3
- (ST * L] * e [T w e
-t e v LW W (& 2 Q w
- -~ LI O - Wiadbld ol @ [t8 v QW
Ld O 4 ™ Q. e [ ‘el Il (S < (7 ]
[ O <a e W Vet - W ad [+ 4 Q
[a) [ Wem Q O = (G } (] - uw e
@® - ~— Ot & Z0 e~ < - -
(e o wn ODW N W emtren0 - - w [«
4 - - Z QKW N & AXM ep=e -~ W - <
Q J O C ZOLe= >AIZONO - < a w b Alnd
- -~ ¢ Zuwwn [ Lo A —tld o oL (N >0 Q O Qe
- - Wt = XN O Wiy 4L = AL RN L - - - Addaniand
(SR (¢ T ' ™M JOXON- L R D= = @ -
) ¢ NUS V) Ot — O Qi < ~NJ a QNna
- w O Nk O -y O L o ot 7el LT ¢ Q == QO Z o Z
W | ui - WA W SN - Ld (-3 —t (O
[= 2 o o wow P (I . Ry } g X OO <« v L0 @ Q. )
- QO > JO0 0O Z2v 0 o' o DU e JOQ L B - {4-] aga<g
I N OO - -~ O 0O >Z0XZ "2 wnua L4 2 Ow =t
[+°4 - - Do —~d g =-N0Q0A o - VXM [aR €}
o . - WO = Ve ol s O > WwWIZWO ~ ) E O
w o o o W La VI | ond w wwZ >V W «
- 2 ] & O o WOV | O -O=a 0« TS ladad’ ] [ K 1S)
q < . O VNes o XGw - -] VN N - 20
I [« ¥ N ww O <aqw Qe Lo aL v O o~ - (= 1] z-~
Q WOW =~CU °* W O =020 VI = XTO Q e « UX D= Lt
. I ZOWL ° * « wmaUAW ~il) DWZULO OF-amUN - e
v O =R wW ™ (X -~ [ ] ¢ WO Y sCdld WUW =2 x °
> 0 et N~ - - Ow Wes QO™ o4 . ¢ NQQE~WO o
N o WO O T =2>0 M- - Cdadeng.: g OL bt emd e = ) wond
x QZrtemT 0 o o = Qo0 U o O0>0>0 |O- I W Z o
(-4 0t D PGttt o P o LN = o o % CF ittt bt bt & » oD o0 =0 o
O FwreldDO@VINm N = O D W o) - o WesiQGripedn st F O
W WX ® o) 0@y) o 0 sl oQR Ut VidGem 1= NNTUYT O Qwilith - S WIL
- 00 it X Qualr et lLjt=tpitNesll & & it ALl > q o o =OQO o
q X wOQAW O wwllw> wXEZm < OQwik *0. ¢ « FZ0 UV X~II ¢
- WZ NI 00 CQAOLIWADwdwO WATTAM e =gOUOFWIW~w Wm

[- 3=} 3 i >dar FVNOFNGZ900 SN0 W willw wl QL QI2pwa =W

Wt o i Z L RAUWEST =0 = >ZU~TALIZIR NN A0 =W DD
X - OWZe ZOALDOO LADCNICOZrE - O i Z il - OWO N - wZ
OFNFEOwQ Dw jOwwwdxwI0 QFIrdudwrsqdOdngaOw -t | o=
Wt = v D VIl w ol WOVOD OF0 b dw e dd D =
L0 & VL LiLViQt WLHLOY) Al w Ylhw eyl U Jdd 9
LIPSt g St U St g B ) )0t e L QUL WL L LU C S i R S W

- ——) - U [ond Pttty D Dt O I O
—t < - W
L) ("] [=] (%] (%) P4 (%)
~N o~ ™ < L] V9 (] w
—
(&) (&) (&) (8] [S RS IS | (8] [ B W T = (8] (G ] (8]

142




PRRR IV VP

[elalalélaloislolelolqlelolalalolaldaldlalelalelalolalblelaldlolslalaslalelolaldlalelolSlileld]]
NOCPRO~NNNPNODRO~NNT NGO DT Ot N FNOMN DO Qe NI N OO O =iy
VDDV INRPRNPRNPOO VOO OWOQOO ripmtred e st omd gt st sl pnd TN O IOV NN NN IO N
OOV N OO N OO N OO ) M DN (4 (O S 1O @O (MO0 I O M e M aOmmamim @O oo
jolelelalalgdlololaldlalalelalelololalolalalalalalalaliiblalololelosolalelalolelélelalolalalolel
e e b e b e b b e e b e e B e s e o o e e o B e B e e 8 e B e e e e e e e e e
G LAJ UL A WL WAL S L WL LA LU LU AL AL ) L LA L) LTS L UL Gt LI U U L L LS UL U UL U ) L e L0 L LS L L
[a]e]sTalalalalslaldlalslala/alalalcla]a{s]alalalalalalalalalolalalslalaldlalalalslalalalalal=ls]
-
L J -
- w
o (%)
"5 - [- A
- W -
- - (]
o . (& ]
-l > -4
oy oo - z
oo (O a
- ox QW (] (&)
[y Lad L7 Y] [ [T S
*Q =i Q -
=N QX ) w <
W w O™ » - O - 4 -
Ouopnet & -t > (-9
TACwX » o -~ W -
VIO IR LINXQ [T A -Z
WO U LD — et =l - o
o *RLLWLIN - oy
gL~ ol NUZ Q) * oWV Q an
) Soaladl (2 I QO - g o [ ]
NI WirE » - X -o O
QL o o o - ¢« O 4% 4t Qe
OO &« «O o (L) N #* -~ - [
W o NI LLI O vt - o Q= o - >0
QF o = «OXO - o U eme e [~ wo -
U «OOWLIM- & w w o | o [ O oN
PR UalelNIVA 2 Qo u - Y et ~ e [ ]
oty wedide V)L CD | i~ L (VY] - - [l w-
ENN L L= ©O o - - Ohae - W L XV ] (@]
Neopep= & & 2O L () £ N W 0 o - O oe
—lgquwaewvi o - ~D % = D s L O + [V o -
QLOO LA Ol — e w Q= . - - — o =
@ T ZWU L — - O U E w (V] o - - -t - -
o eVI) g Z OO O uw g ZW O O=W e o= oy Y [aanl
Y emili) o o X D - Q ¢ O = -0 e~ a2 b o]
v O LV 1% 1. 4 Z ¢ s QgZU< NOuw W—uOo«wao N
e &G WWO e OW w = ZNOO0ITY O =™ Owuuwo L) (]
o smI—~OQ2ZUW w Oou e L O I O Wee s Lt i} LT
X QU IwZ [&] e | rm X o oo O oF M= o o)l - -
QU e ANNE - - - QUWOW o= L~ * s~ OO WZ
N Qo ol O = - ONZ Z> @ ™ o D ® omem NN Qe
x «xn O u'w o NW W QA PemigZda . ortwr et OO W P d
COUw ot o= ™M 0O O . opet 07D M€l rfpewwwaded XU b
CEMVZ AR o XIWZ~ Q 6w W = [~ [V} ¢ el wUAdQww W
OwiW-JCOWW Wk st = O MWMIOFHON = W pQZqFXX Q i
¥V E-<dOE QO Wi o o —A0CWLOW O wdQOF Jdadgqiwl ZONe=m
O X ZOQUQZ2UW™WL NZdei M & JZ2NIN0 ¢ dOwrdLOQOD ™=~
Oed oot ZoZ ot D)oo o D « - -0 ZZ X oD e
[- Y. 4 £ o Wi _jw - e\ o) ) = N < UMY e -Ul W
VX Q o)X oppill S e ) QI el ™G AN 2Rk HWIIr—=e)p~
QA N=QUW=DI~0O X o € ®) D it wwll, e emen O sy o ety — Sy
Wwg FPIOXOZE Omiwd NI wi) og o) ZNO0~NME$++ = XXX

EXZO *XL IXArZ
- ONOoaOZ2®

DW= gt

w - Wi ® ol & ® > » [« b =N 4
Z VOO N 1 WU it eitl)

Q
O VUZZZZIIT[ZLUWmWZ —Z

w2 D00 Q=0 = DetmQeaQ ) wer e e w w e w D §
L DUINEwZ *» N0 X O Il LZQZ2w2wmImOdl Jed ddod=li-2ZX | ol
€ OUZAULOOCW OO mtwww PO Dwllwr$wZ LWUOWWRWOO—WZ WY
- UWWADAE LIV =t e L Or E Nt e e ) I Qb X

FOAMFrEQULECrHT £ ild LLUOOURAZLWVNLWVILEZ I W NZEZNZZIZZOQ.ZL mllm
! - W L L/ LI bWt QU0 P e 50 G o 1 () bt L 0= g 00me 3K, 2L 0 A (L LI

A= (8} - L2200 b W =t -4} OXm=su.3
VL VL o
w (=] (4] - ~N
L v < - -t -4
[S1S ] WO W (S [

143




000000ON0O00C0VO0OVOO000LVORCUOONCDOLOLVOONCOOO0V
M IO O B O NMTIN OM0 O O rifN M TN T PO GV O e AN T U O D PO el NI VTN D~ DO
CIEOUMHO N E) P F T8 3T T T LD 6O U N N0 W WD W00 W0 W oo o o o o P o (o= o GO
[ L T T L Ll L D L L L T L T T e T I T a T A T a TR T Eaa I L DT o a T L D To AT Lo a LA [ A Tad Taa Do Taatad T a tad 1ol o]
COUQO0O0WOOOC0O00COWORO00000COOLOT00000000L00OD00C
bt e e e e b e e e e B e e e e e e e o e o e e b B - B B b e = e o e e
A L UL L LU L U AT L L0 LA 1 L L "L L L LA L Lt LA U LS UL W AL L W7 LS L U L s
[a]lalalalalalelalalelalslalalalalalalwlalsla’slalalalalalalalalslalelalalalslals]alalel ] ool ala]

%CT(SO)v

P
4

O VIXVIND
WO oDV
Qurprpy » X=X
EAOw R ¢ oq
VI IO - W
WM WICE (W D=l
® CALILWLG X
Qen o oLl 2D
Nt V)0t 0 Z
AN LS
QL o op -
[Jmlolob SEN - e of
U-UNI‘\-'—'!UO—'DO—D—
QF o o 00X

W cOOU. Wi OIUQD
de o NOQ I =p= J LT
St VLI ) d V)
XNgwl = W w
Visop—— & & oS W
UG W UL & 5=
QULRLCALOOW ™
Qe T LWW L=
o «NQ m™=mE D
X emilin & «QTOA
(7 I = Y g 4t s 4
e\ «Z T WU ~~DO
QN smgm=Q

1,3)

TECTIONS
(14N, 3)

CE

40

AX
Jd

LL BE WITHIN 2 * RMAX * CEY
CUR.
ANY
0 TC
* PRV
TO 40

EE I
0) 6
FOE)
) GO

- QO

Db

X OVOFIOWNZ
LI\ eI NUIWIL

*NwOX *Mld-d
ey O J O
QOAw Spm oI 2D
LN Z L XKD Q™
Qe OWr I w W
wl) NGO ETNNIWO
X ZOVZ~ZpFal
T ocor Z e O <
NET~ & Wil w
WAL o)X s~ JV)S
Qo N=~qWm= X0
we o FrIXOxF-WONOX
EEZO oL JE D= Z
= ONoOaOZOW -~

$99X4519,/)

—-Z
g
X WWO QX WOV o W=

ErQOAFIALIX™~ W QLW

Ul S il L) LIV -
W IV W -

LY VLI
a11Y ] -
~J

W
CVZALCOWDE W= 0O

<X

Q Mg
U ex

-— Pt gy
- W Sl ¢
L= OO -
[l aml e’ Vot L
ZOZeZrl o

VI & op=md gt 4
O - L

wQZNZ
I > w
< [l K- SLK -

oo D el
—_——t O W D
N e ot o IOZ
CZIZNZ ol
& Q) o
wa st -
q=Q.> Ui~ ®

NACOF-<<0d= M OZ
-0 ZQI.LI-Q - h []

“am-.:—.*.- O\ TN -
NS oML &

<~ g ®
IHZ vO
-

o el WXZNZ

O\l ol ol o
- o -
L Z
v LLi
Qgaw
ar->o
Va0

an
-
e o g )

Ey55) (ESMOET(114JJ)s

oemlvd » & ol

*EEF -

ERIFwEQw whlewww UWHNZE e g

0O 294 - Orvwvogwplwildiild w

T >wZ

-2
<  QUAUUEFWEE AX--F-WZ <
OwAOUwIWLWEOW U  WLIWW O E W< i ow
0002 0x0Cw 1 O0Q0A -~k X LN

Wi UL BEIEETVE e Z

2AATAWVZ wx

MU VIVIVIWVISLL Qe A VIVIVIVIW UG u‘;

o ot

W
=gy
™

(&)

AW W e WML O EUu QB

(S
< [
L 4 [




s A ARBNE” < Frhi e o

[elelolelolaldlalalolalolalalolalaloalaléslololelalalololalSlelblaloldlalsloeldlalclalSlolnlalaldla)
NP UNODPNOQ NN FPNOOPRO NN OO O miN O T WO M= O =M SN O P-D
OVDVDOWOVVDVDPVNCT VRN PFPROOLQUOOC OO ) rirmis wi wul sadrmt st med = (NN OO O N ONR
DAL M DILAT A T AT T T DT D D AT T T A i ol - i A N L - U - g O o i T T X 2C 2 B JX
000000 0LO0O0VOOLOOOVOOOLOOCOOOCOOLUOOLLOODOLOLOOOLVLOOO
P e b b e b e e B o e e e e o o e e e e o o e o o e e e o o e o oo o e o o o o e
AL AL WL LASULA L UL LI UL L1 LA G AL WL UL AL LS LU UM U L 21400 LS UL 1 )0 UL ) WU WAL LU WAL WS WL
[a]a]alalalalalaldlalalalafalalalalalalelalalalalelalalalalaTalalaldlalalalala'alsle{alal= o=l =]

’/)

SURFACE SEARCH TYPE 13 = AJIR SEARCH!,/)

M
A
MDET(114Jdd)eJdd = 1,5}

MW VN

E NO e W
o lZe *wariWwil &
W Dwwrd Leiw DO
2 - rZwZ
Qriudiiae sl
ZrXrE o022

EX=Er~EX ~ELOOFACLECwIUADIFZ N

YPLOT
AINST
GETS ANC

PLCT(50)

4)

oprwwe M) oL e
- o, QOUJduwav)
New sl Zi-r
D WL e W
= O Q.U X=X D
WNwOULM o) Z D
Qb ¢ Xp=DOAI
EZADwE * od X >
VIO X INX S -
WO WO LIWD DLW
* SALIL W QL) =ivIG)
qom oZ oL Q) =g
= O = V) i N2 UL
qwNIW-ITOO0O0o
QX » o Wee D
eQOmZ o s>V
U O ONIUOV =4 et 1) 0=t -l
OZ o QX INZ »
UL sOOWIM oL
R T S TRV T BN YT
*lw et VLW AUV
MUV~ L~ WUZyuwea
Uwrpp= & o o= T IX
U VWWE—- O
QUOOCA OO V>
O ETZW- WOXIIS
oQ N0 »mITOW Zo
X emiV) » o0 WIOX
N O eUUXNZV
) X EUWWLEZ XV
O\ emgd) O oL
X «OVOQ I X Qo= tp= Ll < o
O\ s NI
- tN\NwOX ol.IZ O
e o\ O JUWDoaw
O w oot ol =
CENZ Y ¢ RV LD~
DO QW Jd OwW LW
a NEFqOZIV X xXNO
X X ZOQUZ™gENdda L
— o ot 2 o dEWAQ W
WKI" - wWO:UW¢~
IR o) =g )
Qa~-<w--ocr.cnow O
[TV - *ETEDX = 2V
ZEZTO » X JEBDULALZZ
- WHNOAMLOHN~ WO
gl 2 ¢mz¢¢o-cl
DUNEwZ » e = WD

o
w
«
('S
o
-’
v
<
o
"y
- ]
- QO -
Z Ox

et
[=J=l-g [T
WL NV =W
o eut OANOWY
[ - 4 J oL
% Wk=peaq
0 el
COX =QOQdaun—

D QA Wesgd oo o®ee
W Z o L Z ot~ FUVON
MUY WT ¢ oiNT .~e eaoee
oV O Z o T ZZZZ
otl Qe oY) wwww SOPuwrwar
Wit ernlW=O a9 wuqgw
) ML OwO ¢ = -
bl P bl b= L XN NS ST
e o0 Q=d O QOQ~QQ00
2 *Z NZ oX oo
Ll Lol OO nHununne
> eqq S ol
e Z Qe L 22 Gomd v oy o o o oy
wel L wN - ) *  =-{ONOT O
QX CSTIC ~Z ocevesn
- W Ow ETIIRAIE
2< llm(ﬂ.(w.-(—l-“-vvw-
O SNQuwoZ-a+xroaaxagx

OUVZALOOUNNIONLF OO ENYD dwLIXgqAqCAaCag

CWUWQQTWO=NIUE Wi

LAY - - QLOALOOO
U bibilU. VLl tdugaRaaq

W W AU W RGN € d L P bl L™ L M G Ll ad LIttt i o=t ettt (L (X (U b LR
E

LUSWLESL QIELUVEXWOI=-O

(&)
W M~ W Y W
AL AN "a I ] [2) BN -/

L]
LV LV

VOVLLL

_“QZIo




- ..

ey

-

D=t &

LI Y

A22A2220 AUNA~NVIWIRARIIEITIIRLAWAMUNOEN IR ™ eww il Qerp® stw LU
O =2

£0

AN AIRCRAFT.
GO TC

(L
L ‘BRI
Wex «
(18] 2 1. 4
O ad SN
- ° -
w OZ
QO o
X O N
— e
I o oXx
(ST L Loy
QL ot ol B, 0
Qq - »
We A
Viewh o

=0
QO ZZX e o
don) ww LL£
- o< -
XX - <«q
wWwhaag aa
OO~ O~MOL

ZZ ]

et L AL

L % 8% -~
o~ o o )

Neo $eONMRODT~

W LI IO IR

1o7

J) = DATA(N,J,IFQE)
’
'

RD*y 2%, SPEEL?®,

0
N
)
? (RADAR(I1,JJ)94J=3,8)

E
T
<
C
R
2
70)
618)

Z0 d=Qe
QDO W -
I vigxa~ITwXx
-l e >N wi—D
IS = it &
- e e
- N N E
QO oI 2o

wwwww\X=- OAd EIZVwwweowwrwDw ¢ ZedOr

XX UV ETOC = - XXX EAXZN Fw=y W2 el WaZD
'(<<CKND‘CM'%‘“““CF(MD(QMU(<<Pqutzuﬂl

) . QO St~ =
geaQis U Lgqu OxULALARIAQCALIIE QO kK oX XXZ~CEC TV XODSQW-XE

s
~N

(S

CZLLJO000000F 0O X oI F I XA =D

Dew

-0

[+ 418 L
qQe
[ & 1)
Qe O
o e
»a
wm
) =W
[
Zaw
ogO
=] 4
-tNg
(=] 4- 4.4
e Q. =0
o o) e
- e -\
ol =
i) * WX
wepe QM
qo>Q o -
—ZEr-X &9
Do O wor
o X
o Xo o= &
o i\ Setfe gy
O\ oX M~
ool se
oGO+ QOw

‘JJ)v Jd = 1,10)

o NN gr U D)= F ™

LCOVOOOOOOOUROO000COVOOLOOOVOOCLOCOUROLOOONCO VLW
P OO TUNO P DO O ot NITIT VO DT Ot (8 (T O P~ T PO et O M U O™ T O o N ) TUNO
ANEOMOMELNE M OO W PP W F W 6O NN BN W W WD W 0 WO O P P P (v e
R AR R A S R R R R R S R A T N R R R & &
COUOOOOCO0000OLOCLO0OOUO0OTO0OOCROOOLOOOOOOOOOOWD
o b b b b B e e B e e B o e e e o e e e B o e = B e o (e o o o e e e o e o e B e
1 A LI U U0 L 0 LU U L A L1 L) RAJ LS L1 L UL U LA UL L 4 1L LT U 100 LI WU L L L W LS
[e]=Talalalalalalalala/alslslalalalalalalslalalalalalalolala alolalalalale]slalalalalale]alala

b f e
pon T8 172
vz
[-4V8[V3)

LR 3C AL e = QL e R ) WA SRR W (B B O W™ b L (L X MW S LU L) ™ U SU U s
O - «q

WL~ SUD O LUIW Q W Wiy

(RIE]
= w (= won
™ L2} 9 Pl
(&
146

(844

0 reayn
~ refeyp




UOOCO00CO00CO0VCCOUVCLCC000UO0DO0OOCUOUODO0CO00COT
DO NOT OO DPQ O TN O D0 O ol NN N O DO O NN TN O P O =AMy
=~ > 0 VW OW D DDDDE PP PN PP PP PO OO OO O i i vl g e v 1t et et (N O NN
B R e R R R R T A b i R A X e A A A LAt at At
VOO0 00000C0000WLOLIOOOOOLOLOOWOOOOOTD00OLVO0O0O0OOO
oo LT oo o ol el e e S e e e el T o e o e i e e e o = =g i =i
L L L U L L L L L LI L U 1 U LA LU L L L LS L LS s LI L L L LU W LS L L LU
[a]a]alalBalalalalalalelalalalalalalalalafalslalala]alalalalslalalalalalalalalalalal slalalalala)

|
]
}
1
!
|
|
i
i
.i
é
i
i
!
!
|
|

-
-
(=] w
"3 [ o [« o] -
- [ 8] -
- p > X}
o L < (A1)
wd = > b il
Qe e (=] ~a
P~ (O ) 3 —tn
x. OWwW [+ 4] e
- - s IVELY, ] o ~ -
O oqQUIQA V) VIVIL I ¢ - "y
N=mQQUVXZ +~ Pl N
wOU— »0Q QW a o -
et & em ZO o O O L)
Owr X o o~ Yy JW *°Q LA =]
pup JWI TP V& COW ) - [+ 4
: CWELHUW WY JJIZ < bt
R L WS Ve IR - W -
ok Ml Z Vi w N ZO
=N AT ) [®] =2
NEIWW—T gda Oy o oo >
- f— wWaEID o< uw wo >e
O o o ZLAD>V O O @ e
| NO—— W R W< S >
oo eoOTwNN £ Qe N - (7, I
OOWWmwyY NI W2y Q Ok Z -
NOWWr V) sWpVIWQ a QW - Ue
- L L= I < [T T S -
ALt Qo QA =k Cp= ey e
b=t e e ZO =WV LY #+ < (W0
QW XN DWW Sw - Z 0 - uQ
0QCAC Y W Y Ei=> -~ w -0
LWL SLAWW W oN OO0 () -y}
~NY) = NZLdOoa QO =0+ O e e oox
wmli) ¢ o) Q. X et %D - W -~ -
o MU= QEwgpa< I wO - OO oY -
N «lXTXW~-WZDOITO0 ow - g WU, —tel >
o QAT IO IXZ W WO -t «Z &
QOOKrX - a. p-{ T ¢« 2 T Ow . e (=}  =OQ -
N e UNVID D= U s ZX & 0N~ O o wUie
-O o .mu»wwcooo W W e «aO bt ~ et < u
. O Jao>X ZwWww e oA MO g ZZ *e O - O -uwn
Aw ey o] Vi QAL o O - wwsZ - w - a>a
KdV o XL V) )™ mIZAL™UL ‘W q qQue L S QrD
OwrJd qQuowadw D *0O e & agq O — (=] -0
VECODIWZAZ WONEC = =0 WML = OV <gan O - OE=QY
ZOSZZD [l=1-:] w o 418 s 0 ON QOQUO - O <o
ot STV e :~z<z-x I e - I ~Zh~ -
e L)

o
- e W QU iD= w NZ P=T., NN Nee U~ 0Q o= X
QeX oW AUL CSWSE & eml o -a..-a.c w Vi *m
N QUWO>0OWVW W O00 e sQUWEFZX 0 UHe~ mmea 033 =@ >0 =N\
ZWWOA Q. Z " NN TXQE-UVU qCG-r oo
QoL IEDO O OmuZZmZ N Nhw o XOL wi— « et ee W =OOA VWDIDENT
NOARZ VLI Lx™O qQ 9 IO wIWEZII2W ot -t Uit 94D B
wil Z VG WULD=I NN XZhm= Il OWd EDwpwrwd nNZdD Z a
Kl oo XXk~ Ok T OWOUFILOCZE X ZX - NI wry
QULOOWNIVOLVCAVOFRWEFEOOVUO WhrwOwilld ITZrdddqr el Zwan
QOX WO UWSUF-OW P ONwil TO Z O8N OZ2Z2 ZUS Jdi-Uwsi-X
QCUAX ™ IR LRI ZIZ N [ g o TR T OVIZUWUOLOUZLW IW A ZlL) e

4
A
v
2

X LULLIPF QUG MLIYIW IV DD QLA L) VIV C ™ W D b ) »
(&) Q QL~=X I O™ v (8] (& Ot S
(STENEE) — '8
(=] (5 9 A5
L 2 [} v ~
[SIS]ESS SIS & (8] (5] (S
147




oo s ot N R WA

-y

R e RIS S SPOPII S F2E

00O0VOCOUVNOOCOCOUCOOCOLN0CON0NCOOVOVONCOOOUOVCOO
DO DU QO (O T D I~ 00 O et N PN OG0 P O et N AT U0 VO i N 1P 40 O I P O etV
NNV O OO MO OO T WP T W W OO DO B 60 O\ WO W OO0 U e~
AN DTN AN GHD DO D OO DD NDHO ELOD D s i i i i in i i i i
00000000 LO00000O000NVOOOO00OOOVDDOVOOOOO00ROOOUO
D e e e e e T e e e e e e e e e e e e e e et
) L L LU U U0 L0 U L LU L L L G L LU L LS LT L LU G L L L LU U s
Y Y st o T R Yl e =YY= =T= = =l o=l A =T =l= 1= [ =talalat=tal=ta=T={= ==t = Y= Y= t= = e = = =]

-
-—
~ - o
o~ n - w
T - (&) O
Q. - A0 £
~“n w uZg « -
- e - - b L - 4 [ ]
- QA e eex b4
-t e O 1] -
<3 - ety QW
RS Nem sl DWW i
» O equi. J -
o= O\ =A.NXQFW ¢ P4
< W= QU oZ L
Qe Quebred & LU= w
[ I AU wE * ¢ HLL X
wvIx ViIQ L XN XWO. 8D -
-4 4 WO UL QLI =
W e " e RILILMLIE L) A [~
Do A o oL L QUL [
> =\ tt JUe oy ) X e
-~ uw CwNEWE  Oe <
[ e OX & op WD W o
- [ IS QO™ Z o «sTWVNWT —
m e W NIt T = -
Q. - o QZ » o oQE Zp —
" b A7, ] [~ Y] b «sOOW Wm=W x vy w
ps . 4 . ee NOLW-Z WD) (&) -
-2 - L B el Sl e M P L3 bt LI X QA (- —
- o~ [l N e F LU < - L 4
- >0 H Viewp—p— & o dX L) W e «f < =
- b [« -4 WS LU W D =) - > #W e '
- [« 2 - g QLOOUIAO WD - - =0 Wz
- - - £&Z O 2 ZWWUID ()] — =il T dovmt
L) qAw (& ] =) Q N0 =O L —— < Ul [ aad ol
[l and o VNN X W emilV) o = @ - - - O e ~r—ot/)
[ [« 44 - N O el N o o e Z Ve
e () «ga. - N +* et} oL T UL UL - e X "™ e -0
& o =ZW - WO engd O L0 wll) - -z VOW
X QOO srtenan o EX *QUOKF-IDAdx = (N} v o= W Pw -4
Lo m™m» Ot O - O ANV OQAW _——n ol € I L »* -
O e o o tmime b sN\wOa W W [= ] lond o ool - Z -
V= il oo wi\ - X ey O DI WO o 6 (L) el el
St o>XIL & oe+e X g OCAwr o e D [ e agliwaq e gOW=IDa
=N O WX w wENL ] e XA LECQD UYL~ N wlw [+ 4
Qe whk o IN== 0O QOO NI~ D W * eIP-=li-X sgqLD | 10
OX A0 O «00 Z vy A0 Q - O Qe WO <™
o Pl N Omted = OV X Z0VZwxn WerwwD NZIWEQ or=tpi—LL
T USet [-§ e F Q o oot L oxOFZN A= U8 0D =N sNHNOD
o= = Qe 3= e XX A E= o W e wh Al OCmib QU * O
"t ot op=V)mton L) ] LRED X or~d LAWY ¢ ZNUNQL N -R, LWwa LW
[« 4 -, = s OO QO Nen st} C DL QOO0 QO I W D*—-t ol =&ZX>Q
NRBe Ve QN ZZ -~ W &FaDmi WSOl W UL Qe Q
Zw OO oo e O ZXZO X dE VODmNZ— O Q”P—W Lot B I
e U)o e OwE FT W - uUnNOaddLw Z ) |VgeaN qCE -2 v
- mD0w Awrww D ey Z Tlem i MZWOQ @ WZde QNN
WaAZwie U WA |=-2ZXZ DWW&-—Z > o T W - [ o D QX>u
NWi=F el eo Q=T OO0 OVZCULOQOW +HO® l‘l-.—l-l-u. HNPFOWNE B I —
Do - X +RV~E L 0D WUOOIWOT o "N W "an
XOZ™ & PR c:ua.nzzv—umo—xqu.za.-—ou.n.uunz "N e qQr Lt 4
WML *NU SR PP UMW LA EA LUL W OWCYS 2 NP X LI LW AP L) AN rt et L)
(4] (G 3TN o (W) . ATSLV, 1 o e (&) qQgrZauouw > > X =\
O VL LW b
Qi W r~ [ -1V ] (%)
W @ w PPV
(&1 @18 [ ] VO (&)




—— . aratmen

——

A S e

LVLOVOLOVOTO000VWOOCOCCRACUCOCOO0COCVOLODODOCLCO00
CTNO0PQ e NN PO DU Qi N M T QD PO AN U OO O QN (T N0 =P O
= e P e ) G0 QD 0 WO VDLW OP N T PRV P PO QOO QI rmbemt 7 ot 5t gt ot 4 ot i O\
DEUAAIN A LN DD AN OGN 8 WD NN W0 W 0 W W 0 W 0 0 WO WO WO WO O
COC00VOVOVODOUVOOOVOOCOONULOOOO0OO0O0LODD0OOVOOOO
D e e e e e e e sl el ol o o e e e e e e e e e e o e o o
AU L L L AU LU U LU U LA LU L UL LI LA LU L LI U U U 5 L L L L NI LU WU L L W LS
00O O0OoAtCO0COO0LOCCOOCO00GLOCOCOOOORCOCROO0RcCaan

>
-
o
[Ta)
had -
(o) | ontd o
noor (] o\ () -l
mommm cHNAO U —t D o
-~ aliaTss] A D a (i
LuUoOuw - - - \obudiBi e
Lond od o o Fp=r— IO I - - ex O~
L - [ag e ) N o wlL)
LOouU —t—) < Q) sl
VOWO XOWVO0Oo * - —OWN-Q v,
-Q VOO » W= OO +=¢
- gy A e sy O (o] ] [79Y Qetpon gt & -
NONNN N £ oo N Z2AQ0wT »x
P> ¥ WLONNONNN NG VIO XN -
® W XXX Yt od WO IO e X 22,
® ® 8 ° oo - PrEg [P RBP4 ]IV W]
= X =) e e e T q~ o s
CadOd O Wil = D © —CNambst /) L AL
e 0 QN 3D o o <L (NI UL o=t e
* O e o0 - =M QX e o= TV
vt g et et [7, ] [\Y] " OO Z o« =
I O X rdrtried Lo, A2 L7 B (I '] U O AN e med gL
o D XXXX [} N-W.H QZ = » «0OuUQa
® o0 0 = O eyl SDHOHDOD [THg &1, JTHIT) 48]
LOWLLW w OL ® ¢ ¢ 9 Qo gaa< e =) L) WS e
N A LLELL N WUrQLILRL - N e O Wl VI ¢
- ™ QAR .- ZLLL [ od XUV L PO
0 08 MM amdgdqa 2 e~ [, Ly S T
o o D= Dep= 0 8 0 O>p-rd  ononamam ) < O U
— - NONN # - Lwwrt & COOMD QUCOACA O
> > X XKIEOINONVN . < e F L WU W
Q o] Q ™ eXXXX g~ s 0 0o D N0 =0
(L] (3] o0 00 b4 o~ L UL o Y emUit) * o
bt | A s e e >OMNA O I D -~y O  ell=~¥
- - (4,72, s | [+ 8 ol ol o ol o WD eoeoeoe Wrtem N o X UO
7, [7,] e s 8 X OQOWILOOV X% o Z Q. QO s g
X Q. Q (7. 3 I ] T o 2 o > *OVOFZ U
Woes W Ldaaa *~0 € wd /) ] — LW eqNwV)
O 2K =Lt 2K 2K X X O -a.0 — MNwOo *wo
s X . e e (O = XU @ ¢ o @ X sXin O Ww
wuwit - 00Q #**aZ ** e -2 SNOQOao O S o)
-dIN ) Ll ~ o QULGQL W) temZ L Ll wLNZ Ja *X
* X L A RXXDUZZZLZ O B rrdddgqqao @ O~0O W Ja g
W LI ] [~18T T ¢ & &4 Zh= L) e 0 e N N NFFQO0OXTV
-~ - * J e e <> X 2 D X 0V
i) om oy vl g g 74 » < OO o ol V) o o 2T ol
Wadvd > P> M ) Vil NN o o L = T~ o WZ
[ L od (] . (ST 2T 2 % 3 —t St DEACLAS S O
~N s s o0 el Qn oZ o 0 00l CQ (Nen <l LU~
x| > Pt ML ¢ s 0 ¢ NZ™ == wa er¥YOoad
- - (L 13, e ] = ap L) ot v ) IO W D ZXZTO X JXO
NCNDODW e 0 30+ ) NILIVVOWD Qo Frd <CC ® 0 0 *mil) - WNoamMZx
0 o = =it N < Wi o6 0 o L2 g IO« oND ey Z o
EDw LXOODRADAM qRritww NN et JZOD XXX *ZZ DUNEwZ o oD

-l Ow - e O) o XREXXOXPOX > Dwow || wwwwZ<~X OUVZJIU.O0Wwn

=S~ NN - WO s v - (& b D) X WWOLEWO

w | S Wt U n nwgE "n " HLdRULN D QLZrOUE 2 <u- X o=
) S 0t F, 0 07t g 0t Bt ) V) the bl b U L) (™) QR S b e bl b LW ) £ ™ b W L LI
(=) U] O > Pty 0t () 2R, 3w ) 3K 2 D Pty e e QO O W = O () S
VO QO

w - -] (™) '3 (&) (&)

- [ [\2] vy ¥ s}
(S LV W W w

149

—ai

A s o = aee

VRN W it

ey




TN O DO U e N A PN QP QO Ot (N TN O D P O NMT N0~ DO it M 10 OO
N NN N NN OO A OO @O @ EE T PP T 37 3 SN OUNIN OO W 0 00 W OG0
WG W0 W WO WU O WO WO O W W W WU N W0 W N0 WD G 000 W00 O O WG O W0 WO GD
000000000 OECO00OTOOVRONOVOLO0OVLDOOWOODROVOOOOLO
e e e e e e e e e o et e e e e S e e e e e o ol e Ll St =
L0700 LFLL U U U UL L U R LT L U L g L UL L L L LS U LU LU LI A L R W U U L U
CoOOO0N0OLOCOOCOOOCCROO0OCOaCOO0O0RCO0CANOLOCLA0

\
{
!
!
i
{ COOOOQUOOUOQUOOCLOLOLVOLVLOVCOOCLOOCOO0OLCLVOCOOVCLOOO
4
J
!

OmiZi-m o)
& wg «Zre
ZHAO Dt

= -ag

Pt NM PN~ 0 D0

X e

[
ot el puf et et gl ] > P em Go=t (Yo
OUEN oo XK

L BT B

AEITIT2I2FT22 U~ ETwe

-
-
w [
< -~ -
v - Lo
. - 4 L 3
< [l %4
{ u’ ~Y
H © @
-
(& ] - [ e d
[Ty » =t >
~N <>
[ S - o )
Q | ~e o
i w 0 ~Q
H (%] . o *a 7 =]
< ¢ Q (8-} - (L&
uw v ™~ ~W < >
i e W) - - -
| Wl el W o ha -~ -0
i ZUNNr= o — r~ &
- UE o~ ~C - wo
‘ O Jad - o7 - -0
1 T Z—=r—g0 . o -4 (218 ] -
OgLED - —~— | ol en] b ¢}
(=] < -l ww —) -d X -t
VNOZO = . oo < L] e -
Q= Wa Qe [P TS X = -t
-t O wIw [l - - v)x -
LDdL£NOLS waQ - o > - -2 L niand
SV WA W QW = LAL ] Qx [ > = "
v Terax e ——— [ - -
— il O Zo zz e = ww =
S TO > Of o -~ Ze- - own -
ITXp- woa o s iy i a<g ~Qw - [+ 4
0L e OO " 2V WU LW = Q) - ZD -
OPF-nz20x -0 <O [wo] el m]enius Jon L = - — (o] w] -
w - 2 w Omi o [TRTHTRTRTHE o 9 LD Yt o ) -
Wit (L] - e e Pt fmnt et fmd pemtp -t ~0 -\l wmtNe o =
YEZ=LUZ Z ¢ | OWOQ LI B N o~ e~ e QO ve -
QO <« [« OW N0 e X ile AN =UXO e
Wy £<gq o [T P4« 4 et e NNejmes Yowd » Q* emip =P
L <42 O WhaD LLZZZZ e s QA X qX - - oy
WV U o OVXUV wwwwwww ZFZO0 Z F N X ellle s @O
tdLJWeE O i, 0 O ACNUECQE “Twelm =~OdCd > - e Y e g &
Ul €U © =pwr= ) b= “qww QD= = wripe QX
= et ™ WO e L C. 4.0 . €. C QN -N-_ &4 [T X -t QI AT
i oL awn OZUMUWOV COOQOO~OUWW +Cmri- NN —EACZ X -
Ol ¢ WD 0 og [a]o] VOS> EV * 9O X wd
COFLOIW = =Z eZWh T HHUNNIENNIZZ W @ eooX Q o F
Wit WM@Q Y o o rdur?™™ St ot - ee e PTIN, ) ® I o ()
V) QFEDQQO ¢ X e e el . R HOOW = o — e = o Flhray o

*wiua. Ve

0 O Bt wrtld

249 KAlmwwwew wwweowww Dew 0F UIO wwdw >>Oe =
QUIEUF 4+ XX XXEXXX XM ~2ZX wi=Q X —Z -0 WeZZ

. COAXWOW OFrOwlAdwlI dAqdAdddd OO0~ UIWEA»>O0U d iU o N~ Qr

! G TOUIWOw =i w» O QLOQOOOCWOJII~LiwkrE-OEI--X o - o
LEWEQr-Z 12 bWl Igqaddqgqaaqaiozd o I X XL
hllad ™ JUICllh. JIPE Ul RGN LWL A YLD e = U ODWEO e NSO

A EVILNO X2 ZO — a WE™™ S\ [N SN JTH Q uwva
U (=18 [&18 ]
(5] L5 ) ™ JTUw
[} W L Lo ] [t pad ¥ )




e s o mr e

- — -

e~

-~

A ey~ ¢

[al8ldlelelelolalolelolalolaldleolalalolalolelolaleldldolslolelolaleldlaldlelalilelolololalelals]
P QNN TNNODC O ONMEN T PO=AIMN TU OO0 Ot NN TN OO Qmi NI N TN O
G e e (e O A ODDVROCDVPPCV U P PNOOO0 L QOO rmitmnt el 5t guf et i
N0 W W WO O W W O WU W WO W) 00 WD W NN W N W D QNI o e o o o s (o o e PN g, P e o
OVOOVLOO00 000000 VLOOOVOTOLOOUOOOOOODDOOVOOVOVOOO
| oal ol et and atl aud aud st sad st ool ol nd ud ol oad sl ol aad od od Sl ool ol o ool ool ond ool od ol cal ol ol ool o ol ol ool ol o o ol ot ol
UL T UL WU LA LU WU UL AU UL L AL U U UL At L LSS L L WL L 0 UL U AL W LU
[(alalslalalalalalslalslal<lalala]alelalalalalalalalalaleldlelalalalalalelalalalRlalslalalalal el =)

-~
Ll
o -~
[Ty [ 3
hd [l ('3}
- [ ] Laad
o - -
pes T ) Q. - -
ar > ~ (=] -
e Jrwr (M) o - ~N =t
- g - < - <
Nom o) - — D~
o0 sl » ] -
= ONe=Q Q. - - D
Wi OO - | ol - 4 (721 4
Ot & o - - b [+ 4. ]
AL~ X - ~ Z <
VO KON & < P L [ <
W U el X -~ a w ow (W
" XK L Wi -3 -~ W - Vi
A ol oD - Q &< BZ -~ - 4
e O\t ) & '] (8] o a v w
L v O\ B UL Vot et - V1 N -~ >
OX o o X z + a - [l ™]
OO » - W <X = -a
W N ot > —t -— > Z0 v [(B17,]
QZ e = 0W V3T~ 4+ '3} — QX - < -
uw «OouwET M A - wna o - Q
e U O €0 Mtk N £« -~ ] w o = w %)) 9
L) e prlh. ) P ML auy w ©] W Z Liw = (&L=
WUV~ |, ~CT =—viae ™ L= - -4 Q - - o
V- e & « (&) a w < Ue @ [%2] ) & -
[l (L - {T¥]- 47, TT] 0w O L] - Q s = ZX - o»
[=]8]a]al-g-Na Q> % b= - w DX == [ 2 S| -
M T ZWU QO e < - ) NI - w
oD SNL) (LT & ) [ ] Wilbiv-e 20 - -y — - Q0
Y emllit) & o QUWY - (=l Ol » - OX e (LTS
-~ O el - g0 -4 L N el =l w - -
- s X W O e W ~ ot et S bevl 2 petom - -
SO =) W Z el < ® o L s way QW hr i o
-l *OVQF-X ‘el O = NPt QU= e =0 (7] ]
QA W\ etV [T I )4 & N e Nw(QUda DU - V) ey .
— e Nw O =L - Ut Q > nZZL Wil Epf = D il o
X s O o gy ZZwwww COOFFO O e ou - - wiw
GO o & W Z I wwdgd = <«QU wVigr X xXx (o]
wLUNNGE I PN T bl 542 4 Q- Wl e - el Q™ (VS
XOwOW-Jd W —wOape -~ 00ICgLY O>~p o —M-l g~ Z o o
g NPEqOE O Ormeip=—0 QO LVLQO Qe OWIX —Xa oOwn il -
Z X ZOUZ WOZUW o ¢ Poey " W@ONwa@ qCDOW Ve ZO~
Qe ot Z o ~Lo LY 2 L ) - o cseom O 0O N 1T
NEEs & WU wwo onild -~ - o~ Odle o il e X - Tz

WML X op= B K epq S « emenouenl) QA ol (= & o ol ome - S
QO N OO~ »ZLU * e OOMNN ¢ b= Houe TN [l l
wea oPFFOax o ZwOQnNnnZ rdomivdosy & QXX *Q0 L > X K 44 =

ZEXZO X JX

ZZNwg -

<1u.:..-.:

WZ ENia T

LS >~ NZg

-~ UwooaoZ ﬂhmu<~~~:zzzwiOQZwuuzvmo- -0 W -l
PN 2 NRHZrFgED> Od A Twwww - Dw OmwD Z«
DUV wZ & - <o~wuamq~¢¢¢¢¢zzh e +Z e WLZE =0
OCZAU.OOWOr--fnNOQwnNUOw MZEdd<dImwIUd osFlidmlide Q-I™~ Q<
AWWAQEWL) s N ) OZ2ZZZTZ2ZF- OFIX I X oT-g § VO

[al ] 2 & U9 -4 &4 Ldadi OVOLOUWUOUZUL WmEMUELr~<~aX UJZ -iy

Cd L XL ILld = NI X Imdl) WVIVIVIVIVI™EOL) cQROUEDTU SR Wk

W= (S] XTZ Qe W ZEW FITREN IR ] [ NEL_} 4

(Gl S .S ] - (& W
™ n @ N T "
™ ™M o ¥ LA 2N 4 Trn
(5 (]




> -

g ATl i Ay S - P

R

o e o

—————— . ..

e - ey

0000V RUCO00OCUOCOOO00NLOCLLUOVUCOOC COUTOVVOLOO
M~OCO—ANMT N O CPO~=AMTNONOPC e NSO OO O MU0 MDD O - (Y.
et (NN NN N N FIM @ M OIS 3 W 3 SRAG D DO BINLIN O WO W
1 e o e o 1 o R o o P o o [ e P o o e o P e [ e (o o R foe e R (e o [ e (o P 20 e e o o e P o o e
0000VVOOUVONORO0TOOOVOOLWOOOOOCOVO00O000000LVA0O0D
1 b e e o e = e e B o = B o e e B e 0 e = e e e e e B e e e e e B e o e e e B e B e
UL LU U LU LI U LU LA L LI AU L UL LA U L L L LU L L U A WAL W W W U W W
[e]alelalalala{alalalala/fale{alolalalalalalald el alalalalaldlalelalalalalalulalaldlalalal )

L]
<
s
[ ]
-— -
- -
(&) - L
b4 [1a] ot oy
[l o -4
o~ @ - 2O
n - < Land [+ 4
~ w w (o] L Y- 3]
wo Q [ o] - vy
| U *e [- 4 =
Q ot > » < ow
or~u - X Z —
W W o~ ot [®] o
g w - - - (%2} o
(185 L Lad &< - () - [
- -0 (=] bl Q T =
- P . L - § e - - wa
OQ » N - - [ ~N Q>
Qo oC | < -t - o - - -~
[1T91L) - (=] — - - [«'4 [« ]
-—Cy e [ - | - < -
ow e Wy Q + — Ze — Z -
O semom -4 ] L - D e - O>r ™
M -~O0 W - w b3 [- 4 Ve
Ay Pt Gt A J w2 @ o — [ &) (W) ) < -
WD » - N W -l 0 ' 5% @ - < WX »
 astan(21122] ¢ O - e - — - w >
- - ¢y NN e - Q - wXk n —-—-
[ 1o g ETS -~ DO Ce NH - -4 zr - SNie ™
S - ] L) - » — -Ca - (722
—rmg - -V ®> O - Qe - < -
Q = - amQ~ Y - - L Z =0 -t [-¥ -
[ & - 4 W WD ~Z <~ - e o w -
Zr-00 o 8 -t - N, o, < - - - —Cn - ) =
< w ) oIt xXounw | et o= St Qru e~
Qe o = ) ® = -t ol < L I XYY, T - " Q. [al’ )]
Q ow - et U« - eZZ O £ o Quwld e OF ot [ & Lanl )]
< LZ N N W Q% | =~ oy ~—Z g e Qe D =) -
gqdxd o - o [ Ordpm X n <- Or-wo Zwwr T -
Qe &L Z= - X ¢ e o goul Ot =i «X
* am - el W W il S ] - Ot (&1 1Y) i » w <IN
o oOow g QW00 ONO™ N wwa|l o O va X X Qe Z »
O~Q 0O = il U=l #QqQEOD - N DNt T~0DmM A On
N MU @ Art e tettamal O 0 [} Od» NV & (T F=—
* e O O eN o= *a Nga Lk mPQ. » MO oD QDQE-M
LITVI N -\ * NEIONIN=B$ O o - e F o W R eemeny (-9 -
W Zuien - o et () T eMp Bed ey WU B W (N WWN) e Viymeme
(L AU 2w ZAZT= O = e —se Hime*e T ZTWN
(] [ 4  QOwd wihwew ¢twi=>>2.gll ¢« oo Spitu o- e PN 1O
b - AL ddF- G -0 wd T XTI O ol (V4] ce) o
OO O RO *HQAQAXIWNTE WL SN it R rte LD, smetm )~ L)

OJOr ') wdOvd g QO

AN WO Ow QL0 wvn

20 -l - b 4

werwraw i N NH wn L A )
(TS QN e

AEwDwwD) 12wl $Zww DNwwe mw D
>ty XZAXZ w=DE wrHZ - W—-ZZ
wQw ) N LT WO MNWRAQ U X Ot < g
wZ NEFrZL£Zr-wr XU N0 ZErE 3y eI i—~D
MAE WZUWOL o O Zr e o XX L=t

M M L, BN ) L ) Q) e UF""MUKU-> XA JVIOVIVIWDWNE D mURYIOUGUSOSWIWWLE

[ adan TN *] [ B O=Sl 20 ULUSL O wWwaw
(&) o o
~N (3] L 4 [} ) Q N @ USRS 11,
(3] (3} L )} L)) L) (S e LVal8 14 ]




¢ L AN (-8 A e e el v

. i A S . . s on et e e WOVIS AV < " M e =

CHANCE

FORTRAN FROGRAVM

COCOLOWCQOOOOCCCOCOOICOOCOCLCOLOL COULCLVOCOOOO0Q
MO TN OO C NIV OO~ VNO~AMNENC-CPO~NNECTNONST OO NMS
QCOOWOQ O rmd pag md vt g - 7t ot gomd et s (O OO LN NI OO MM O YA (OO T T T
[elalolelilelSlolSlelolalelalalalSloldlaloals SlalalolelallelSlelelaleltlele s slalolsla]
[alafeleolblolBlalSlolelololelolelolalalllololalalelalelaloleSlelalolalBlaleldlololeld]e]
dQuddAddUddCddLdIdOAAN (LA QAL UG A I ALV LA LA TIL D
IIT I I IITIIIITIITIIIIIIIITIIIIIITLAIITIILIIITIILAX
LOLLWULUUULLULCLULLWUYLUULOULLLLOOOLUWVOLOLVLLOULLUWOO

- -
LS ~
- . L
L 1 4 -
e ¢ L] -
~N - a -~
el u- -
-1l V%] -
o020 [ - [ g
H ~ (7]
-y N - (4]
~ —QL - - 4
- L&A ¥ hd <<
- - o 4 F
b o - [ ()
-4 LS ] - U
ot (=] - L= ¢ — O~
- Lol aowm L - -
[ el (78] - -
- (=] - O " L] et
<4 - LA 4 ~ - < v
x wda ol o -
[+ 4 o —d L SO L
(=] (&) wEo -~ - il <
uw > o - ety oD
- <20 - 3t ~fe (]
- - IcZ oK v m oo >»u
w - - D= VO ¢ *Xe —
> - D ow =it ONT - wxr
- L4 Q [t o X# =T oL
™ [ - (%) prrer.- 3 - LI AT TP L N e
-t P 4] T v e (X e L)
o4 . - [l T NN A TT™ e FPT -
(] -t ut o - n Pttt T el
[V [ [} TWZ HFre oo o) e »TWwn
< - —t T = e o ™ e e
~N w - B p— - ea || g e (n
(o) - (] -~ _— IV wllee ML Z
- Lo 4 - N = - TN e ZOd
Q - O - Z Or D =Qe=0 ~w S0 T
1] [+ 4 — .o = M2 WO DL O
o s Z hd W e~ - QOVFOAZW
- o - < ZOWS [o Yl =S ST N4 - O Sl ¢ =] 8
L8] - O w - laadid: 1= O e - D0OUW VNOE S
~N 0OZ ¢ X s CES QZa O~ —2D Q
- W w s Q NWO LOODVAV DOV ZZv:Q
(&) -_ 0 - - hd Ll o Ll G0 g -_—_ N J £
" o it NN o —~e NZ - M~ o FUSE
-~ —t N - O X CeP 3 W FOw
on ™ e em O~ OIS v OCE~
« ~N oMLO = QO XM e N O et ST -]
- Q s U~ OO0 O »F W L 4 ~KWONN~YWH\¢ E K o
o« < )y L e 0L SO it e L) WO e
-~ LI WO WX ¢ZVEY =i lLOON — H < IE Ome
- ¢ O med lh—c X e \ND et o = e 0 X [- 4 =8 <L
aQZvuwn o WaZruab =Qw o Viimilpb-Xo = oo T Wt
Ot N N " :wzvmvw Qo B = W e (O d UL~ i (D L @& - o o~
e N 20w Z ONlen wdDdDe WH-Z * ‘e - W
WH WeQ P pwit el QFZ Qe - = O =GO P el vasr
OLZ O =l  Cwd SN2 9Z22Wd W —ve g
W A= 0O QL™ M Z 0 wnNQIXMWOF-IWVIOTE wel-X | o W=t F

FIUWE Q WUWUIZ™ QX ™9y ClLe- Qo Lond > 4
LIS WO I WO LU & wpw L

—-QZZZ0 WEBLl—xuO OVEU [+ 4"l 471 XU .
VO VOOV VOOV O
WNIen O (5] ~INUW ~iN LA "~
-y N ~r MmMnST A T L 5




- van .

e A s ¢ S o e o

e Ae AR ———

c e

. . .

LUOOOOOOLOWONOLOCOOWOLOOOCOCLOLOUOOOODOOLOLVLODCLOQUC
O Ot NN TN RO~ AN TNV PO ~NMITOV O OQ.AaNMITE. OO O
TN T T DD NGNS O OO O W OV OW QR =P O D VD U D VDO
OOVOWOOOOQOOVOOCOLOOVOWOOOWOLLUOCOVWOOOOOOVOVOWOOLLO
[eleleleBlololalelslalolalble M olelolalalelolalellBlololSlal]olalelelslololololel Plelolal]
dUd UG qAA LA IA IOV AT AL (VL (I A LI QT LT L q <L
IXTXIIIIIIIIIITITILIIIIIIIIIIIIIIIILITIIIIIIIITILIIT

Q -
o
" Q
- N
W
o (]
- O W
~ -0 W
- -— z [ ]
- - -
L] QR £ W
L4 e w Q
- < P od
4 - o -
< = e
- - <
- L -4 Q [ ]
- (&) [S]
[aY] - L
Laad QL <A
(¥ ) L [& 2N 4 - [ ]
D2 B 4 - m
° no 9
O o O [
- Z - w .
U~ C W
Cc W owl « =
Qo Q [w)=] .
(=) QO -
- al) W -~
w cL O WM
o r~ “_ e OmQ
s U+ -y WOU
- U - 200
(U] Q= < - &
[]

® oy OOW *°Z *=
Wi - QWO OwOuWw
L Q) eemg )AL
lll QT & U O O

[+ 4 e ZWZ g O
WEe Whmiw D «WOWZ

Ow O0Z FO-ON0Z3w OUWDZA0ww

Q FOwrdZ O O-

ZUCZ AdOwRZW24CUSZ 20

-
-~
-
-
- — -
- —
- £ »
- > De
o™
"o o Wiy
S g L=
*pt/) L
—x< v
- -
ZrE Do
2V (-4
H p )
> 00 H
Qi S W
- e s 4
(A9 -
N\ o -—
U - ety K [174)
O et - SO
> o -
p—<f » ® (1} o gy
DD .
wa - - [ 3]
@ - O w
LW D0 -~ -t r~
ac ) i
U ® ™ Q
W10 O —q e —
LOL L > -
G N0 D = O
o (] X a O
aA-WLo oOuU 2oy
—a O~ WWDZ =~
o2 &« g 2I20 ©
-DoxoO OO0 [l
w —Ood Wu< .
ITaQZO [n R el \
N EwmZOmw —>0Q £
-— OUX Z -t .
E2DLrF™ U= g «q
- o 2D ~xox O -0
0D =ZEa OZTYVwWw « -t
VOO -~ o = ¢ o) i
>OXON ¢ ¢ aZdiF0 O
w FIOorruuWgG O Zeae
U = [ VL L and o N R S AL

el TV ¢ it QO Trs & o
X = "ge QO

L i<

Fef =WOORIZINLEUWswZZ
OZ-Qa - QI Q sWN\Zw CZZEAZZIZIZwD AYdLOONZw X Z U wPer =it

Pt

DATA( ICNO,€)

DINATE ¢,/
NEW Y CO-ORDINATE,.*,/)

CR
HE

’
/s
T

e

n

N
1
R
E
(
30) ZTYME,NROW

olllet QO

Tw-— O

Ke31) (DATA(I+J)yJ=1,sNCOL)

-

w

>Z i WHWZ N el
- Twho
WED D dO=wwOWdZ- _ qOZLNI——

-

QT wQ w2 Qw0003 wddr -0 QZ-~+—0aro
U S EBEZOUQ

— wqx QqQ > <«

Y <q =ty

N e Ll 2

e LA WAL WO & o WWLEX O @ WulkqQqQuUuoae Uy swOuuicw

[ X YTE T TRt T Lo B S T

(S ] o

[ N
U3} ('3}

[T TN X =O QU U

VO (S]]
"o N <& N
w0 L) ' [l and

DO

[- < HUl. & o

v O
M~ o

-
(@7 1V Y]

Ny
L al¥




-y~ .

. A AU e 28 At e B

B i e e L - A S AR o g

FORTRAN PROGRAM UPLCATE

OCOOUOOOQOCOOCOO000OVCCOOOO0O0OVOVOOLVOO0LO0O
- NIV OO O~ PO~ DOCO—~AIMTN OO QN M PO O0
O QOUVOOLIC O i gant =4 s st b yod pad oed N OOV N OO O MUT I (D (1O V1 7Y
[elelolalalalelelelsisiolololelolololololalololelvlalalalblalelelaloial=l =1 4
[o]alelvloalalolalilelolalelalalololeltlelelalolelolelallelalalololeladlol]
(alalalalalllalalolalalalasla[aloalalalalelalalalalalllsalalalalslalalalalal]
ZZ‘ZZZZZ‘ZZZZ‘ZZZZZZZZZZ‘ZZZ‘ZZ‘ZZZ‘ZZZ

Lo o Sumg Pt uet O Pt G et g B Qe et (et 6 G g 90 P g

1 J=1,NCOL)

(BDATA (1 ,J)
1) (RDATA(I,J)+J=1,NCOL)

[

NRED
DISK,40) (ROATA(I,Jd) » J
1514)

XX
v
o st
zmm¢°N~lLv'4"""-‘= —0L ey -0 Qo0
Q! ww iR -~I.I."-h- ~qmzz-—7-—w 2w
xr- nn llm ) e Do o7 <] rs DD
wna W o g Q2w U¢z° .— - 200
VWZ XX X <0 AgZ» O~ AMNEAO™ZWWLNWI =Ml ZT Z
Wl NN ZNOZENOQOOF VU2 QT OWU bt b=F = b= P b=rism
FEZUeUraA OXOUZ CXZAX & S~ w=CF ~Z 220
Py SATR]. X W W W) ULWwWUW LUWEOWEUOWE LW
-OZanZTZxu.-O [S]=NTNE - {T¥ ] LEELOILUVOROXXVIW

NBLUE
ISKs 91) (BDATA(I,J), J=1,NCOL)

w no QO ~_~Oe O —e m v
- —tN A e ladad vo®R v Ll w LA
»




ar n———

BIBLIOGRAPHY

Center for Advanced Research, SEATAG: A Sea Control
Tactical Analysis Game, 2d ed., Naval War College, 1978.

Couhat, J. L., Combat Fleets of the World 1978/1979:
Their Ships, Aircraft, and Armament, United States
Naval Institute, 1978.

Naval Postgraduate School Report 55LW73061A, Random
Number Generator Package LLRANDOM, by P. A. W. Lewis

and G. P. Learmouth, June 1973.




INITIAL DISTRIBUTION LIST

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22314

Library, Code 0142
Naval Postgraduate School
Monterey, California 93940

Department Chairman, Code 55
Department of Operations Research
Naval Postgraduate School
Monterey, California 93940

Professor A. F. Andrus, Code 55As
Department of Operations Research
Naval Postgraduate School
Monterey, California 93940

LT Ellen F. Roland, USN, Code 55Ro
Department of Operations Research
Naval Postgraduate School
Monterey, California 93940

LT Kevin J. Kelley, USN
211 Threadneedle
San Antonio, Texas 78227

Professor J. K. Hartman, Code 55Hh
Department of Operations Research
Naval Postgraduate School

Monterey, California 93940

No. Copies

10




