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ABSTRACT

A general approach is docusented as & guide to aid in the formulstion
and implementation of cu-iine, real time computer simulations. A computer
program MULNUC1, s developed as an on-line, real time computer slmu-
lation of antisubmarine warfare {n s multiple burst nuclear onvi:oulent.‘
The principals of tha game are s submsrine armed with torpedoes, and two
destroyers equipped with gtand-off antisubwmarine wespous. The simu-
latice is intended as a demonstration of the on-line capebilities of the
United States Naval Posigraduate School computer system and as a tool
for further study of the factors lnvolved in a rapresentative ASW

operational eaviromment.
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1. TINTRODUCTION

Simulation is a useful tool of the operstions aralyst. This is
Tt 8 new cuucept, the _irst recorded gimulations were conducted by
ti:e Chinese in the Iv:m of '"wevr chess' and were probably used to teach
yuung men gome of *:g concepts of battle without the inherent danger
of loss of life. Later sccounts of simulations have been recorded by
the Prussiscs, Prench and Germans [7].

This techoique of analyzing a problexr by simulation i{s now employed
by all branches of the scientific community. The preseat day hizh speed
digital computer has given rise to a rapid expsnsion in the use of
simulation as & method of sclution to military, scientific, maaagement
and many other types of problems.

Convincing the reader or observer that a simulation "models the
real world" is one of the primary problems coafirouting the anslyst
who uses simulation techniques in the solutiom of a problam. One way
to minimize this doubt is to increase the role of the human in the
simulation, This can, in many csses, be done by the techmiques of ou-
line simulation. While on the one hend, on-line simulation incresses
the complexity of the problem by nature of the msn machine interfas-e,
at the ssme tine, on-line simulation adds very complex logic (the man)
to the problem with minimal effort on the part of the designer.

The design of 2 simulation, and in particular en on-line sﬂnﬁhtian,
can appesar to be a formiasble task when first considered. However, if
the designer has an spprosch in mind andr proeutis ia su organized
manner, the problem usually divides into small parts that are each

relatively simple. It {s the aim of this thesis to tuks s representative
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problem and develop & computar simulation that can ba used as &

referance for the construction of on~lins, real time, computer gimu-
lationg in general,
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2. PCRIVIATION OF ON-LISZ SIMULATIONS

In the formulation of on~liva simulations the designer muat first
lay dowm a goad founcetion in the fom of a well-planned ouclian. Tuis
cutline cust bogin by initi{alixzing and setting the scana for tha simu-
lation. When this has been accomplished tlie dagsigier must tarn his
attention to the devclopment of a loop that will include all the actions
and interactions expected to occur in the simulatien. Included as aa
integral part of this loop is a timing mechaniss that is flexidle erough
tc allow the simulatien to proceed at any rate rsguired. 4 third part
of the formulacion is concerned with providing a critique of the simu-
lation, eithexr as & running critique or a compilation cf pertinent facta

it the end of the gimulation.

INITIALIZING

Initializing is the term aspplied to that pertiun cf the sizulation
which is executed before "play" begins. It Irciides dats input, assigne
ment of particular valuas to the paramestsrs and esterimg sterting velwss
rsquired for indexing th: logic. Herein is provided the flecibility
required of any useful simulation. 1In the initializing portiom the ground
work must be formad for performing sensitivity analysis if such analysie
is required. The initializing portioan of the simulation must allow enough
flexibility to provide for the various scensrios possible in the particular
simulation. Clearly them, the initislizing portion must be designed with
these purposes ss primary criteris and subject to boundary counditious,

such as squipment capabilities.

Reprod
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AN TIZRATIVE LOOP

I1n general msny on-lins simulations contain an i{terative lcop that
13 cycled for esch tims pericd. Tharafore, one of the first considerstions
t3 ba wada in *hig passe of the desizn is the detearmination of the stepping
intarvel. Several factors ara ianvelved in this eelection, the most
izpgrtant befng the assurance that the stepping interval is compatible
with the logic flow of the situstion deing simulated. The designer must
thet consider the amount of time required to asccmplish the most com-
~lizsted simuiction situation that cam occur in ons cycla. Thesa con-
a‘ls7ations complate, the simulator must insure that the eycling is such
tha2z the player is not bored with the data/action as pressoted and also
:hat this data/action {s not presented st & rate too rapid for ths player
£o fully comprshend. With these considerations in mind, & tentative
looping cycle can be constructed and tha desiguer may continue to develop
ths necessary routines required to complete the iterative loop.

The loop should now be fzshioned in its most elexentary fomm. The
2asigner must consider saveral tasks tbat must be accomplished during
cach cycle. These include, for exaxzple, advancing all participants one
tize cycle, consileration of tha possidble interactions that cam occur dus
t5 thése moves, tadbulatiom of the results of such interactions, prese’e
tation cf cutput to the plaver, permitting the player to communiczate with
the simulstion, deleying the next cycle until the proper time intervel
hse traospired, and pcesible other consideratious dependent upen the
particular simulation.

¢are and planning must be exercised io the construction of this locp
since this is the foundation upon which the designer is to build his

sizulation. 1f logicel error) appssr in the order of these routines or
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@ 8 couponent 1s not considered in this looy, the remaining portion of
the design will be difficulc, if not impossible. Flanning in this

portion of the develorment will be time well gpent.

THE CRITIQUR

e -

Tha critiqua is that portion of the simulstion in which the entirs

- -

simulation, or any integral part, is analyzed and the results compiled

in condensed form. Thare are saversl basic tachniques that may de

PR

explored in this part of the simulsation. The least complex of which is,
in most cases, a ccmplate "recording'" of tha game that caa be “replayed"
at 8 later time at any spaed desirad. A more complex anproach to the
problem of performing a critique of a simulation is that of including
a recording/analysing routina in the iterative losp. This routins would

extract the desired information during each cycle of the loop. It is

o WO R B RD LN PN RN £ Y T e i

apparant that not avery cycle need oe recordad, and therefore, a decision
lozic must ba included that will extract all necessary iaformation.
Asgociated with this tachanique must be a recording routine that can ba
quaried at intarvals or at the conclusion of the simulation.

Much care must be exercised in formulating the design and locstion
of the critique routine since this is the major -od..ot snalysis availsble
to the analyst. Plaxibility aad -dnptabtliti are considerations that
nust be made to allow the simulation to be fully appreciatsd as an

anslytical tool and not just a "parlor game.”

11
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3. PFROGRAM MODULAAIZATION

In general, prograsamaers attempt to modularisze their programa. Thers
are sevetrsl raasons for this, the most obvious being that of providing
logical grouping of {deas. Ths large scale simulation {s usually modu-
larized by the use of subroutines., This use of subroutines is convenient
becsuse:

8. Several separats groups may de working on various sections of
tha problem, and {n many instances tha use of subroutines is the beast
tachnique.

b. Computations which are to ba callad upon several times {n the
main program are best handled by the use of subroutinas.

¢s. The progrem may be of a magnitude such that the entire prograa
csunot be compiled in one pass.

These resscns are valid for tha large scsle simulation. In simu-
lations which are moderate to small in size the use of asubroutines may
sdd unnacessary factors to da consiaered, with the exception of reason
(b) adove which is a wvalid raasom for the use of subroutines in most
computer spplications.

By careful constructionm of the statement numbering schems, availadlas
in languages such as FORTRAN, ths progremmar of the moderate to small size
simulation can modularigze his program witbout the additional consideration
of designating common storage and the other difficulties experienced when

progrsmming subroutines.

ADVARTACES
The above technique sllows the designer to use the fsmiliar computer

languages, such as FORTRAN, in place of specisal simulation languages.

12
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It also alleviates the requirement of either providing the -esder with a
description of s special lsnguage or causing him to go to snc her source
to interpret the program. Using s “standard™ language, such ss FORTRAN,
the designar can reasonably assuma that the resder needs little or ne

explanation.

FLXYIBILITY
The use of modularization with statement numbers gives all the

‘hereut flexibility obsarved in the speclsl languages vhen the simulation
»3 of guch a magnituds as to allcw compilation in one pass. When simu-
lations are in the design and programmaing stezges, the use of the adove
technique can allow as much flexibility as the simclation requires. BExit
from the blocks when programming in FORTRAN can be sccowplished at any
logical point with nothing more than a simpls GO TO or CCMPUTED €O T0

statement, and thus the logic flow is easily accomplished by this method.

13
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&, SYSTEM VARIABLES, COORDINATES AND MOTATION

Certain specisl aimulatios languages provide for dyzamic sllocation
of storage for tablas which facilitatos the designation of data in a
flexible act :xpandable form. This is tot necessarily raquired by thi
moderats size simulation., The designar of thece modsrate size simulations
may find the techniques «s explained below mo:ze desirabla, since his
problem {s not generally one of gtorage limitations. The criteriom for
ths dynamic varaus preset storsge decision is felt to be that of program
size. In programming the modersts size simulstion the programmer may
find that constructing & schema for naming variasbles may cresate casier teo
work with varisblas than the eomplex tabular form of the special simu-
lation langusge. This was found to be true in the programming of the
exsuple simulation, MULNUCl, of this thesis.

The general approach to the nsming of variables in ths example
program vas that of using vectors to represent o given paramster, esch
cospouent of the vector being representative of the valua of that paramaster
with respact to the unit concarned. An example, that of the X-coordinate
of the itDh destroyer, being DDX(I). Once the schema s understood the
programming moves along without s great amount of thought required by the
programmer as far as variable names are concerned. Cartain varisbles |
must be set aside as dummy or temporery ind these logically take on forms
such as: ITEMP, TEMP3, DIM2Y(I), and forms that immediately classify them
in this category. .

In general, several different coordinate systems ars raquired in
simulstions. iIn the war gome an overall "arss of play" must be established.

This can be sither rectanguler or polar, two or three dimensional, The

14




axes of the rectangular coordinete system sre not cecessarily gradusted
in the same units. In the example program, for instance, it will be
seen that the third axis (dapth) is dimensionsd in feet, while the two
major axas sre dimensioned in ysrde. Yurther, the third axis has the
normally negative direction established as positive. These, perhaps
unorthodox, messures are taken to fscilitate programming; however, they
must be spelled out in the documentation of the simulation to prevent
possible migunderstanding.

Many simulations require more than one coordinate system.to be

employed. The overall play is perhaps in a rectangular coordinste system,

wvhile ranges and besring information may be required during the plsy of
the game. This will cecessitate the incorporation of an ovarlev of ome,
or perhaps several, polar coordinate systems upon the bsse system. I1f
a "close-up™ view is required during ths plsy s translation and/or
sxpansion to ancther rectangular system may be required. It can now be
seen that, in general, several coordinate systems will be used iz 3 war
gama type of simulation., Therefore, a plan for the designation of these
various coordinats systems and their respeciive transiormaticas must oo

established early in the formulaticn of a simulation,
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S. MULNUCL - AN ZZAMPLX

MNULNUCL i3 an on-lins, resl tize simulation used as an exsmpls of
tha application of {deas prasentad in seactions one through four., Tha
élmulation had its beginning at the NHaval Radiological Defsnse Laboratory,
Hunters Point, {n the sumuar of 1953, During a six-weak tour of the
Maval Rwdiclogical Defanss Laboratory, it was found that little bad been
dong in ths exploration of tactics and possible resactions of surface
antisubmsrics destroyers exposad to s self-inflicted multiple burst
ruclesr environmant. At this tims the simulation used as an example in
this thosis had its beginning, In the example program, MULKUCL, all
classified irpuz parameters have been assigned fictitious values so that
the computar program, as pressnted in this thesis, could remain unclassified.

In 1965, Lisutenant J. E¥. Johnson programmed the on-line display,
Display Data Corporation model DD 65, using s rather simple simulation
situation (2], He did mske a contribution in the form of an sdvancement
in the techniquas of cn~line programming of simulstions. Having observed
s dszonstration of Johrson's program, it was felt that the techniqus of
on-ling display would be 1d_ul for the envisionsd program, MULNUCL.

Several links were missing in the chain nacessary to put the envisioned
program ou-ling., Tha first link was a requirement for & routins to gen-
erste circles of arbitrary size and location. This was accomplighed with
subroutine CIRCLE (see Appendix 1II). Aftar completing subroutins
CIRCIR, attanticn was turned to the nacessity for s randos number gen-
arator capable of generating several types of random variables. Tha
distridutions of random variables required were uniform, normal, and

circular normal, Thess genarators wers writtan in the form of subroutines

16
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USIFORM, MORMAL, and ERROR. The subroutins RANVAR i{s the basic random
oumber genarator called by these subroutines in the ganeration of their
respectiva random variables. The sbove routines completed, only the
communication routines required to link the Cecntrol Data Corporation
1604 sand 160 computars tamainad. This requirsemant was satisfied by sudb-
routines DCIRCLE, DIRACK, PARAMS and DSTATUS (ses Appendix III a'nd
Acknowladgzaments).

At this point tha preliminary work was couplete snd the formulation
of the initislizing, {terative loop, and critiqua portions of the siou-
lation was begun. Thase thrae basic steps, as discussed in saction two,
were incorporated into an exscutive control block,

The mcut':i.vc Control routine is flow charted in Appendiz 1I and
coneists of three major parts. The first of these parts is the
initializing portion. It is made up of foxr blocks:

1. Inputs

2. Sat Constants

3. 1Initialize

4. Entar Input Changss

In this subsection we shall consider the first three, leaving the
latter for discussion in the subsection titled Man Machine Intsrfacs.

The Inputs block is the ons in which "standard” or nominal imput
parsmetars are set. These psrametars ars listed bciav.

Husber of Dastroyars .
Time Factor
Destroyer and Submarine Maxzimum Spesd
Submerins Hull Parsmeters

18
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Initial Positicns

Yoitial Courses and Speads

Nominal Yiald of Nuclear Weapons
Depth of Thermocline

Maximum Range of Weapomns
Detonsation Parsmeters for Heapons
Random Number Cenerstor Initislizer

Any of these parsmeters msy be changsd ia the enter input changes block

(see M2a Machine Interface subdsecticon). These Sarameters weres choger
as the minimal requirements necessary to produce & simulation that has

some realism and yet {s not too complex. The structurs of this program

s e daien e dbem e smammimn -

is such that any block caxi be exranded to include more parsmeturs,
thereby creating a more raalistic simulstioan.

Set Congtants in & block used, as the nsme fmplies, te initialixze
pon-changeable inputs. In this block, all the logic fadicators are set
to orient the gsme. All damage and radiatica levels sre set at zero.
The indices for tracking, firing, and sonsr contsct srs set at saro,
This is easily followed by cross referencing Appendices I and IV.

The Initfalizing block begins by initiaslizing the random number
generator suvbroutiig and then calculates the following parametecs:

Water Temperature Gradient

Submarine Crush Depth

Operational Depth of Submarine
Wind Direction and Velocity k
Misimum Safe Range of Weapons [§]

RBffective Sonar Rangs

Sea State

19
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Thase cslculations are straight forward and can easily be followed by
cross raferancing Appendices I and IV, The block slso prasents input
parameters of intarast to the destroyer tasm, au&ariv:x teanm ({f sealectad),
and critigue routine,

Subsurface nuclear bursts sre divided into four classifications:

1. Very Shallow

I. Shallew

3. Deep

&. Very Deep [4]
The criteris for selection of clacsificatiocn are depth of burat and yield,
Ths detamination of classification of burst is made a% this point in the
pProgram ani an index IDEZP is set {seas Appendix I). The four matrices of
ocutput data ars filled with nogative zero, since negstiva zero is pro-
graomed not to print on the displav, Pinslly, {f the rols of the sub~
marine is to he playsd by the computaer, the basic stratagy of ths sub-
marine {s randomly detarmined (see St;hmriu Logic Model),

The naxt asjor part of the Exacutivs c:mtrol“!.outina is the itsrativs
loop. It 15 mede up of aight Blocks: {

1. Plot Positions

2. Display Data

3. Plot Cscerator

4., Interactions

5. Radistior Model

6. BEater Changes

7. Submaring Logic Model

8. Tims Loop

The first thres of these will be considered now, while the remaining tlocks
will be explained in latar subsections,

20
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The Plot Positions blick is utilized to transmit output informsticn
to the left tube of the DD 55 (see Figu~e 2). This output informatiom
cougists of the following dsta:

Dastroyaer Tracks

Sonar Contact Plots

Destroyer Courses, Speeds and Coordirates

Orientation and Sige of Ares Displaysd

Inportant Messagss to the Player
This informatisn presentation s coverad in more detail in the section
on Mam Machine Interfece.

The Digplay Data block performs the sime function with respect to
the right tube of the DD 65 (sec Pigura JI). Pigure 3 lista the data
displayed by this block and for this reason it will not be listed at
this point.

Tha final major part of the Exscutiwe Control Routine to be coun-
sidered at this time is tha Critique block. This block eritigues the
simulation by performing seversl tasks. The entirs siaulation is recorded
on magnetic tape and can be reviswad at a laster time. If any significant
action or interaction occurs game time and the nsture of the action/
interaction are recorded by the Critique I bloek. A narrative priut out
is mada at the conclusion of the simulation by the Cricique II block.
To correlate this informetion a graph plot of the tracks of destroyers,
submariues, and all pools and clouds of radiation is made. Detail of

these operations is documented in Appendix IV.

FLOT GENXRATOR
The Flot Gemerator block advances all participants each tima step
(see Appandix IX). The block thra determines if there are any clouds or

pools of radiation. I1If there are clinds, they are advanced using wind
zl
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INPUT PARAMEITERS

NUMBER OF DESTROYERS ... 2

SI1ZE OF ASRUC WARMWEAD ... 2.0 KT

: ' DEPTH OF THEKMOCLINE ...120.0 FT
MAXIMUM RANGE OF ASROC . 9000.0 YARDS

; DEPTH OF BURST ...,e.00e 700.9 FT

] SINK RATE OF WARHEAD ... 18.0 FT/SEC
TIKE F‘CTOR ¢ s 00t gy "0

WATER TEMP GRADIENT ..,. =,53% DEG/10CFT

Y
|
EFF SONAR RANGE = 8171. «IND DIRECTION 179
GAME TIME 42.9 WIND VELOCITY 28.
WARHEAD SIZE 2.0 SEA STATE 7
001 002
MAX SPEED AVAIL 33. 33.
CONTACT CLASS 1 |
SONAR RANGE 4899. ‘
SONAR BEARING 85 5
DOPPLER 1 !
TARGET COURSE 2
TARGET SPEED 22.
FIRING SOLUTION 1
RADIATION RATE . . :
1o | RADIATION DOSE . .
PIQRE 3




T 2T

valocity and direction to determine motion, and the radius is computed

{1]. Pools are comaidered to be stationary since their drift is negligible.

INTERACTIONS

interaction {s the largest block acd for clarity has been broken
into sub-blocks. Them sub-blocks are:

1. Scoar Contact Modal

2. Contact Tracking Modal

3. Wsspon Firirs Model

4. Evaluation Mcdal
The intecactions block is constructed in the form of a locp that considers
the interactions of sach unit in succession., The crganization is well
documentad in Azpendices II and IV and will not be further explorad at
this time, however, the details of tha four sub-blocks lizted will ba

considered below.

SOYAR CONTACT MODEL

The Sounar Contact Modal uses & ray path theory detection scheme in
a deterministic manner [3]. This daterministic detection range then has
a variance tﬁpcrimposad upon it, Tha nat result is a fairly realiatic
sonar detsction model., TLe majer limitation of this modal {s that it
only handles the constant temperature gradient cass. The inclusicn of
other gradiscts causes the sonar deteciion problem to assume a much more
complax nature. Included in the model igz a dagradation of sonar range
dus to excessive destroyer speed. The range and bearing given as outputs
from this modal have range and bearing errors included. The d=ta, with
these errors, is than utilized by the tracking and firing models., Doppler

is also calculated in the model and sant to the diaplay ss:

24
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1. Up popplar
2. Down Doppler

3. ¥o Dogplar

CTTalY TRACKING MDAT

TlLe Contact Tracking Model neez 8 {nput dats the output of the
Sonar Contact Model. A simple criteris, requiring three cousecutive
warks from the sonar model, is used to distinguish non-contacts from
contacts. Cuce threa corsecutive marks are received, the modal determines
the contact coursa and spsed. This {s dove with 8 simple 00 parameter
track model that considers at least three but no more than five marks,
The course and speed of the contact sre determined from the f£irst and
last of thesa marks. This track model is unsophisticated but the arror
induced in the output i1s fairly realistic. This wodel is of the first
that should »e improved upon if more work is to ba dons on this simulation,
The output of this molel is in the form of contact course and speed. This
modal provides dual routing, dependunt upon the track. This will be
discussed furtter in the subsection on Block Sequencing. Daterminsiion
of whather or not the target is in firing rangs is made just before exiting

the routine.

WERAPOR PIRING MODEL
The Weapon Firing Model takes the last position of the contact from
the Sonar Model, the contact course and speed frow tha Tracking Model,
and then determines a firing solution. The range is considered, with
time of flight and sink time, and the time of burst {s determined. A
dead reckoning position of the target is computed from the track data

and this position becomes the aim point of the waspon. The wodel then
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cslls subroutine ERROR from which the true fall of shot is detammined.
The weapon is given a relisdility check ia the model and if this test is
failed, the player will be notified that ths wespon bas misfired {see

Man Machina Interfacs suhssction).,

EVALUATION MODEL

The avaluation model initializes the pocl and zloud of radiaticn
created by the subsurfsce nuclaar burst. T0 accomplish this the model
takes data from the firing model iur the location of ground sero and
data from the inputs bloak for yiald, depth of burst, and type of burst,
The radius of the radicactive pool is then determined [4] (tha cloud
parszeters sre computed in the plot gensrator model).

A simple critaria for demage to the submeszing is used. ‘rﬁc lathal
range is detarmined using submarine hull pnrmécu, yisld of warhaad,
and submarine capth as received from the submarine logic model, Slant
rangs to the burst from the submarine is computed. 1If the submarine is
vithin the lethal range, damage is 1001, If ths submarine is outside a
radius equal to twice the lathal range, damage is sero., Values of sub-
maring damage beiween zero and 1007 are computad by a linsar relation-
ship, then, if at any time the submarine's total d: :3e raaches the 75%

lavel, the game is tarminated with the submaring considered as baving
baen sunk,

RADIATION MCDEL

. ___The Radistion Modal datermines if auy weapons have been detonated,

If nous have been datonated, the block is bypassed and the program cone
tinues. If weapons have been detonated, the model computes the distance

of sach destroyer from all pools and clouds of radistion. The location
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and size of sll pools and clouds 1is received from the plot gensrator

model along with the location of the destroyers. The model then datermines

if the destroyers are within the perimeter of aany pool or cloud. If this
condition exists, tha radiation level in the cloud or pool is caleculated
{1, 4]. The total radiation being received by each destroyer is then
cslculatad. The radiaticn rate sod total radiaticn does for cazh
dastroyer ars computad and sent to the display (see Man Machine Interface

subsection).

SUBMARINE LOGIC MODEL

The submarine can be controlled in two ways:

l. By a submarips team.

2. By the computer,
This decision is made in the enter input changes routine. Tha progras
is such that the computer will play the role of the submarine unless the
variable ISUB is set equal to one by the enter input changes routine.
If ISUB {s set equal to one, control of submarine depth, course, speed,
and weapon firing is turned over to the suimarine tesm. This tesm will
recaive passive sonar bearings and screw beat informationa from the
console typewriter of the CDC 1604, They will be adble to control the
movemants of the submarine and its weapon firing by means of ths consols
typevriter and selective jump keys. The program will query selective
jump key number two, once each cycle, to determine if orders to the
submarine are to be received. If selective jump key two is set the
camputer will request orders (see Man Machims Interface subsection).
The weapous (torpedoes) can be fired by setting seslective jump key three
on the CDC 1604 console (see Man Machine Interface subsection). Under

this condition the simulation becomes a coaflict between two teams:
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1. A submarine tess using the CDC 1604 console.

2. A destroyer tesm using the DO 65 display comsols.

1f ISUB i{s unchanged by entsr {npu: changes (inputs block sets
this variable equal to gero), the moves of the sgubnmarine are controlled
by the computsr. This being the case, two basic iuitial tacticsl sit-
ustions are availsble to the player. Tha first of thesa places tha
submarina on the surface, et ths origin of the playing area. The sub-
marine knows that he has baen sighted and the game procseds. The second
situation has the submarine randomly located in the upper half of ths
playing area. In this case the submarina's positicn is not known by the
player. It should be noted that this is the initial situation if the
submaring is to be controllad by s submarine team.

Initisl situstion one i{s selected by setting INITIAL equal to gero,
vhile situation two is selected by setting this varisble equal to one.
Having selected the initiasl situation the computsr thsn selacts ons
of three basic stratagies:

1., The submarins runs for it.

2. 7The submarine tries to trensit betwesen the two destroyers.

3. The submarine tries an end run, flanking the twn destroyers.
These strategies are sssily followed in Appendix II and will not be
cploroa further at this point.

SEQUENCING OF FPROGZAM BLOCXS
The blocks in this simulation are of two basic types:
1. A single point of exit,
2. Multiple points of exit,
The block that has & single eaxit point might ba called s standerd block,

in that, the block is called upon to perform a computation but no

-~
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branching of logic is done within the block. The multiple exit block

———

is one in which the program is routed differeatly depending upon logic
decisions made within the block. The sonar contact block is sa exsmple
of this type. In this block the routing dapends upon the results of a
sonaT search. If contact is made, the block exists to the contact
tracking block. If no contact is mada, the block exits to comnsider the
next destroyer. |

The executive control routine flow chart in Appendix IT illustrates
the time saquencing of the major program blocks., Tha simulation is
dalayed at four points in the program which are:

1., ZEnter input changes routine.

2. ZEatar changes.

3. Submarine logic block.

4. The time loop. |
Thae first of these interruptions takas place only during the initializing
portion. At this point any change to ths input parameters is made. The
second of thase interruptions is made once during sach time step., ZThis
1s the point st which destroyer team changes are sent to the COC 1604.
The third of these intarruptivns takes place if the situatiom using the
tubmarine team has bee- salected. 1In this case the simulstion mey be
interrupted every time step to sllow the sutmerine tesm to snter changass.
The fourth of these interruptions occurs each cycla snd msintzins the
time stepping interval.

It will be noted that in the executive control routine, esch black
is considered in turn, no block is bypsssed. 1In the interactions block,
it will be noted that, sub-blocks are not ahuy:‘ congidered. lo sonar
contact by the sonar cootact block causes the contact tracking block to
be bypassed. The same is trus of the weaspon firing block if the tracking
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block does not generate & sstisfactory track.

MAY MACHINE INTIRFACE

This subsection is concerned with communications, doth into and
out of the computer. These msn-machine coemunicatione fall i{nto four
types:

1. Data to and from the destroyer tesa,

2. Dats to snd from ths submatrine teem,

3. Dsata tc the various modes of the critiqua routine,

4. Iaput changes.
The first type breaks into three pazis:

1, Right tube information,

2. Laft tube information.

3. Changes sent to the CDC 1604,

The right tube gives the destroyer tesm data in tabular form as illustrated
ﬁ Tigure 3. The left tube will digplay the tracks of the destroysrs, - %
any sonar contacts, and all pools and clouds of radistion. Also included g
in the displsy on the left tube is a series of windows in which data can

be displayed. The windows are nuabcr‘& as showmn in Pigure 2, Window

data assignments ars as listed below,

Wiodow Data i nt Tnits ] ‘
1 X-coordinats of destroyer 1 100 yards . }
2 X=coordinata of destroyer 2 100 yards
3 Y-coordinate of destroyer 1 100 yards ‘.'
4 Y-coordinate of dastroyer 2 100 yards T
5 Courss of destroyer 1 Degreas true ‘
6 Speed of destreyer 1 Knots

k




e A— - —— o o .

S e bt 4~ s nn

B ] M LTI B 2A 2

[N R RO T T A - e e ot s o . S T

¥Window Date Assigrment Paits
7 Course of destroyer 2 Dagrees trua
8 Speed of dastroyer 2 Kaots
9 X-coordinate of left tuba center 100 yards
10 Y-coordinsts of left tube centsr 100 yards
11-14 Availsble for flash messages Alfa~-numeric
15 Not used
16 " Radius of display on laft tube 1000 yards

Windows 5-10 and 16 are controllable from the DD 65 console by means of
s discrete digitnal type control system., In this manner tha player is oble
to change the destroyer course and speed, or "zoom" the display in oa eny
poi:t in the area of play. Let us first consiser windows five through
sight.

On the DD 65 console (see FPigure 4) there are buttons labelled
CONN DD 1 and CONN DD 2. By depressing one or both of these buttons ths
player is given control of ths course and spead of the destroyer or
destroyers selected. Nesr tha button just selected is a group of four
buttons (see Pigure 4) labelled RIGHT, LEFT, PAST/UP, and SLOW/DOWN.
Depressing one of these buttons will cause tha appropriate variable in
windows five through eight to changa in the desired direction. As an
example, if the player depresses botbh CONN buttous and then the buttom
labellsd RIGHT =~ both destroyers will commence s turn to the right,
They will continue this turn until the buttcs labelled RIGHT is relsased.
The player can "come to a course’ by depressing the correct button until
the desired course is displayed in the respective window. The same
proceduré is used for changing speed. It should be noted that the

vindows can ba changed to values that ara unacceptable, such as -5 knots,

k)
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in this case the program will csuse this value t> be changad back into
the acceptsble range during the following cycla. The value of course
can be incressed to values greatsr than 360 degrees, in which case the
progrem will correct to the acceptabls valua, PFor exampie, if the ph}er
incresses the courre to 320 degrees, the progrem will convert this to
020 degreaes during the next c¢ycla.

The same basic procedurs is utiligad to “gocm" the displsy to any
lecation desired. PFirst the playsr selects the button labelled SHIFT
(sea Pigurs 4). He now has control of windows nina and ten. bcpresai.ng
the button labelisd RIGHT will cavse the display to shift to the right,
LEFT accamplishes ths same action but to the left, and similarly with UP
axxl DOWN. To zoom in, the rutary switch in the upper right band cormer
of the consola is used (see FPigure 4). This switch has six positions
labelled 4, 8, 16, 32, 64, and 128. Selection of one of the six positiomns
will cause the radius of the displeyed area to ba that of the value
selacted, in thousar?s of yards. As an exsmple, iahcting SHIFT and
changing windows nine and un to 240 and 150 respectively, then setting
the rotary switch to eight, will cause the area ceatersd at (24000,15000)
with a radius of BOOO yards to be displayed oa the left tube. Note that
window 16 will ghow the value eight, while windows nine and tan will ghow
240 and 150 respectively.

Wiodows 11 through 14 are used to send the player the following
flash messages. '

SONAR CONTACT
ASROC FIRED
ASROC MISFIRE
SUB SUNK

DD SUNK
32
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TARGET IN RANGZX

TARGET TOO CLOSE TO SHOOY

TARGST OUT OF RANGE
Another method of comaunications ig available to the dastruyer team.
By depressing tha DD 1 PIRE button, destroyer number one fires an ASROC.
The same procedure is used with the DD 2 FIRX button.

The next type cf communications available (s that of the submailie
tesm. This is, of course, non-existent i{f the optiocu is cnosen {n which
tha submarine is played by the computer. The submarine team will receive
messages sach cycla containing bearing and screw beat information, The
submarine team may then choose to maneuver the gubuarine by setting
gselactive jump kay number two on the console of CDC 1604, The computer
will tlen type COURSE ORDERS on the console typewriter. This is the
indication that the cowmputer is raady to receive course changes., If no
change is desired, the old course is typed in. If a change is requested,
the new course i{s typsd in. The course typed in should be of the fomm
090. followed by a carriage return. This will change the course and the
computer will return NEW SUB COURSE 090. This completes the cour-e change
cycle and the computer will then type SPEED ORDERS, the same prucedure
is used to enter speed changes. Upon completion of the spaed antry the
computer will return NEW SUB SPEED 15, followed by DEPTH ORDERS. The new
depth is now entered, and the computer will retura NZW ‘SUB DEPTH 1050.
The routine is now finished and the program continues.

The oaly other action availabls to the submarine team is that of
firing torpedoes. This i3 accomplished by depressing selectiva jump key
numbaer three until the typewriter returns TORPEDO FIRED. At this time

the selective jump key should be returned to the normal positicn, unless

'
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snother torpedo (s desired. 1f & hit {s scored, the typewriter will
return DESTROYER SUNVK. When both destroyars are sunk the typewriter
will return GAME OVER. At the beginning of the gome, the typewriter
will give the submarine team the following information:

l. Maximum spaed ‘avnihblc to sui:marhm.

2. HMaximum Acpth sllowadbla,

The thirzd type of communication ig with the various c:itiqd. Toutinas,
Critiqus is sccomplished in three ways:

1. A recording of all information on the DD $5 display is recorded
by the tape unit near the DD 635.

s A graph of the tracks of the DD's, submarine, and all radiation
is made on tape unit eight of the CDC 1604 (the graph has gsme tine
recorded by each mark to aid in correlating with the various other parts
of the critique routine),

3. A critique of all important eventg ard their time iws cecorded
on tape unit five of the CPC 1604 for print out at the conclusions of the
gama, »

These three methods of critique, if correlated, will give an excellent
"replay" of the simulation. Any communication with the program other than

listed above will be accomplished as described by Leach and Perrella [5].

TIMING
The timing of this simulation is done by means of s time loop block.
In this block, the contents of cell 5006B in the CDC 1604.is tested and
stored as ICLO&K. A variable, NEXT, is generated as the sum of ICLOCK
and ISTEP, the stepping interval. ISTEP is determined from another variable
TPACTOR that is equal to one for real Fime. TFACTOR equal to three would,

for example, cause the game tO run at three times real time. When ICLOCK
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becomes greater thaa or equal to NEXT the loup is exited and tie simu-
lation continues. This procedurs is easily followed in Appendicas

I1 and 1V,
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6. CONCLITSIONS AND ACKHOWLEDGENENTS

The considerstions made {u the formulation and coustruction of
this simalaticn have made some observations possible. Only the basic
wodulac structurs of tha aimul‘t;on_tan bean considered in detail. RBach
individusl modular block has baen dasigned in as simple a form as
possidla while meintaining some degree of realism. The simulation is
sound in {te Zcneral organization., New program blocks may be substituted
making the simulation as realistic as desired. It is heped that this
simulation will be played with more sophisticated models and on-line
equipment of greater capacity so that doctrine and tsctics in the area of
self-inflicted nuclear environment may be explored.

It was found that the general purpose computar langusage was com-
pletely satisiactory for the congtruction of this simulation. The mod-
ularization techniqua made the lczgical organization of the simulation
straight forward and ie recommended for use in future simulations.

The author wishes to express his appreciation to Professor
Mitchell L. Cotton and Professor Alvin P, Andrus for their aid and
encouragement in the preparation of this ihnsis. In addition, the author
would like to thank Miss Patricia Hoang for her assistance in prograsmming
the linking subroutines and Lcni Richard E. Dewintcr.for his comments

in proofreading the ranuscript.

38

P s ul IR gl




-

e vl -

2.

3.

4.

6.

7.

BIBLIOGRAPHY

Huebsch, I. O. A Modal for Commuting ®ase-surge Doss-rate
Nistoriss for Und-rwatar Kuclear Jursts (U). USNRDL-TR-653,
1563, (coam)

Johnson, J. B, Methods for Digital Simvlation of Militsry
Conflict Situationg. U3SNPGS Thesis, 1a5.

Kinsler, L. B, and Frey, A. R. PFundamentals of Acoustics.
John Wiley and Sons, New York, 1962.

Ksanda, C. P. Aralysis and Pradiction of the Propertieg of
Diffusing Radiocactive Pools from Nuclear Evplogicns in the
Ocean (), USNRDL-TR-725, 1963. (C&®)

Leach, G.H. and Perrealla, A. J. A Satallite Ccmoutar Sygtem

for On-Line Analysis, Control and Displsy, USKIPGS Thesis, 1964,
Sulit, R. A. Analyticsl Model and Proposed Umpiring Procedures

for Ship Damane and Combat Ineffactivenags from Initial Nuclear

H"“Oﬂ' Effect& (U)o USMDL'TR’?'ZO, 19“0 (CCW)

! amentalg of War Gaming, United States Kaval War Collage,
2nd ad., Novembar 1961,

39



AT A A S A STy S s NG L MRS R v » 2 2 . - il

Lo

AMMIOIX 1

LIST OF VARIABLES

This Appendix contains & listing of the variables used in the

simulation MULRUC), arrsnged in alphabeticsl order.

Variable
AROCMAX

AROCMIR

BNPTS

CENIERB

cLoma ()
CLOUDX(1)

CLOUDY(X)

CORTB(I)

coNTC(D)

CONTR(T)
CONTS(D)

CONTX(I)

CONTY(X)

Definition
Maximum range of the ASROC, in ysrds. Thie is an

input parsmeter, set aqual to 9,000 yards by the imputs
block and can be changed in the change inputs block.

Minimum safe tangg for the ASROC, in yards. This value
is computad ian the initializing block, and is & function
of warhead size.

Last biaring the submarine held of tha nearest destroyer,
in degrees trus.

A dumny variable used in the contsct tracking block
for the detarmination of contact speed.

The course such that the submarine will split the
channel between the destroyers. in degreas true.

Radizs of the 1} cloud of tadiation, in yards.

X-coordinate of the ith cloud of radiation with respect
to the msin coordinate system, in yards.

Y-coordinate of the 1th cloud of radiation with Tespect
to the main coordinate system, in yards.

Bearing of sonar contact of ith destroyer, in degrees.
true.

Contact course, sas computed by the comntact tracking
block, in degrees trua.

Sonar range to contact, as measured by tha ith destroyer.

Contact speed as computed by the contact tracking model,
in knots. e

X-coordinats of the ith destroyer's contact, in yards,
with respect to the main coordinete systec.

Y-coordinate of the ith destroyer's contact, in yauvds,
with respect to the main coordinate system.
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Definition

D

DAMAGR

DAMAGZT
DDC(X)

pos(1)

DDSMAX(I)

pDX(1)

DDY (1)

DETR

DEIRM

DISTC(I,J)

DISTP(I,J)

DCB

DR

DIIME

DUMMY

DX

Difference betwsen the trua bearing to the sutwmarine
from the destroyer and tiie submarina's true coursas,
in dagress. This is used in the determination of
dopplaer.

Abgsolute valus of D.

Percant dsmage to the gubmarine from the current
detoration.

Cuaulative daxage to the submarine, {n percaat.

Course of tha it} dastroyer, in degrees true.

Spead of the gth destroyer, {io knots.

Maximum speed available to the 1t destroyer, in knots.

X-coordinate of the it destroyer, in yerds, with
raspect to the main coordinate system.

Y-coordinate of the it} destroyer, in yards, with
respect to the main coordinata system.

Detection range, in yards. This is & random variabls
with mean DETRM and normally distributed with sigma
of .3 times DEIRNM.

Mean detection fangu, in yards. A function of GRAD
SUBD.

Distance of the 1tD destroyer from the centar of the
jth cloud of radiation.

Distance of the B destroyer from the centar of the
jth pool of radiatioa.

Depth of burst, in feat, of ASROC warhead.

Advance of the destroyer considered, in yards, between
wmarks as considered by the tracking mcdal.

Total time delay from the firing of an ASROC and the
detonation, in seconds., This includes time of flight
and time of zinting, -

A dumy varisbla used throughout the program.

East-west admnce of the destroyer considered, i yards,

between marks as considersd by the tracking modsl.
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cID®

(054 4

IASROC

1C1ASS(1)

ICLOCK

1C42CX(T)

ICIRCY(Y)

ICONTB(I)

ICONTC(1)

ICRIT#

T e T L At M TE IR i bRt

Definttion
North- south sdvance of the destroyer considered, in

yards, batween marks as considered by the tracking
Melc

Effective sonar ranze, in yards. Computed by the
initializing block,

Wetar temperaturs gradient, in degrees per hundred
feat of dspth.

Cama time, in minutes. At the start of the geme
GIIME is zero.

X-coordinate of ground zero foo the detonation
considersd, in yards, with respect to the main
coordinate system.,

Y-coordinate of ground zero for the detonation
conzidered, in yards, with raspect to the main
coordinate systenm.

Submarine hull thickness, in inches of steel.

Hull number of the destroyer that fired the last
ASROC. If no ASROC has been fired, IASROC is zero.

Sonar classification of the 1th gestroyer’s contact.
0 - no contact, 1 - possibla submarine, 2 - probable
submarina. '

Contents of location 5006B in the CDC 1604, The CDC
1604 steps this cell once every second.

A duy vector of X-coordinatas of points to transmit
circles to the display,

A dumay vector of Y-coordinates of points to transamit
circlas to the display.

Fixed point version of CONTB(I), used to transait to
the display.

Fixed point version of CONTC(I), used to transmit to
the display.

A series of critique indicators. O - pass.
1 - sonar contact

1 - ASROC fired

.
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Vuriable

Definition

ICRIT#
5
[

11

12

13

IDE(I)
s (L)
IoxX(D)
IDDY(I)

IDERP

IDOPLER(T)

1l - torpedo fired

1l « ASROC misfire

1 - targst in range

1 - sudb sunk

1 - destroyer sunk

1 - targat too close to sheot at

1 - target out of ASROC range

1l - gama is a draw, submarice escaped

1l - submaripe wins, destroyer 1 sunk with submarine
ascaping

l - submarine wins, destroyer 2 sunk with submarine
edcaping

1 - submarine wins, both dcetroyers sunk

1 - destroyers win, submaring suck by destroyer 1

1 - destroyers win, subnsrine sunk by destroyer 2

1 - submarine wing by transiting baetween the destroyers

Yixad point version of DCC(I), used to transmir to
the display. :

Fixed point version of DDS(I), usad to transmit to the
display.

Fixed point version of DOX(I), used to travsait to the
display. :

Fixed point versicu of DDY(I), used to transait to the
di‘phy.

An index used to indicate the classification of nuclear
burst. 1 - very shallow, 2 - ghallow, 3 - deep, & -
vaery desp.

An index weed to indicate the doppler of the iR

destroyer's contact. 0 - no dopplar, 1 - up doppler,
2 - down dopplar.
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INITIAL

ISEO0OTL

ISROOT2

1S0L(D)

1ss

ISTRP

Ixoo(1,9)

Definiticn

Az index used to indicate gama over. 0 < game not over,
1 - game over.

A index used to indicate if the sulmarine has fired s

torpedo., O - torpedo not active, 1 - torpedo still
active.

A logic index uszed in the submarine model.

The lowest destroyer hull nuzber. Kqual to 1 at the
beginning of the game. 1f destroyer number one is sunk
the IOMR is equal to two.

An index of the initial situation. 0 - gubmarioe at
tha origin, 1 - submarine randomly distributed in
the upper half of the playing arsa.

Radius of display ares, in thousands of yards.
A random numbar salected to iritialize the random

aumbar gecerstor. This cumber must be an odd intsger
in the intarval 1 to 67108863,

A flag used to activate the firing scquence for

destroyer 1. 0 - do not shoot, 1 - ghoot.

A flag used to activate the firing sequence for
destroyer 2. O - do not shoot, 2 - shoot,

A progressive index c¢f the quality of the firing
sclution the ith destroyer hag on its target. O - no
solution, thru $ - best solution.

Saa gtate.
Pixed point version of TSTEP.

Submarine basic strategy when the submarine is controlled
by the computer. 0 - rumn for it, 1 - go up the middle,
2 -~ end rua.

Tixed point version of SUBC.

Logical index thut records the submarine's initial
turn. O - left turn, 1 - right turn.

X-coordinate of centar of displayed are’, in hundreds
of yards with respect to the main coordinate system.

A dynsmic table c¢f trick data, recording the X-coordinate
of the jtP mark of the ith destroyer. The maximum value
of j is eight. ZEntrigs are in yards, with respect to the
nain coordinate system.
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Variable

pPefinition

IXo01(1)
02 D

T3 (1,9)

IXSUBL(D)
IXSUB2(I)

IY0

TToD(1, N

1YDD1(T)
IYDD2(Y)

TYSUs(1,J)

ST LU(D)
IYsSUB2(1)

IWINDD

MAKKS (1)

NCONRER

RMARKS (1)

This variable is equal to LID(1, X).

This variable is equal to IXDD(2, I).

A dyvnamic table of track data, recor.ing tha X-
coordinate of the jth mark of the itL dastroyer's
sonar contact., The maximum value of § iz eizht,

Batries are in yarda, with raspect to the main coorainate
system.

This variable is squal co IXSUB(1,0).
This variable is equal to IXSUB(2,I).

Y-coordinate of center of displayed area, in hurdreds
of yards with respect to the main coordinste system.

A dynamic table of track data, recording the Y-coordinate
of the jth mark of the ith destroyer. Tha aiximum

value of § is eight. Entries sre in yards, with respect
to the main coordinate system,

This variable is equal to TYDD(RN).

This varisable is aqual to TIPD(2,0).

A dycamic table of track data, recording the Y-cocrdinata
of the jth mark of the ith destrover's scnar contact.
The maximum value of j is eight. EKntriss ars in yarde,
with respect to the main cootdinata syst:m.

This variable is equal to ITSUB(Ll, I).

This variable is equal to IYSUB(2, I).

FPixad point versica of WINDD, used to transmit data to
the display.

Number of continuous marks, up to five, tha ith

destroyer has on his sonar contact.
A dummmy variable,

Number of constaat bearing the sulxsarine has on tha
nearest destruyer.

Tims of the next cycle, in seconds of computer time.

Same as MARKS(I) except NMARES(1) does not stop at fiva,
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Variable

Dafin{tion

NOSLOOT

HIECTS

o
Laiaa

PUOLR (1)

FOCLX(T)

POCLY ()

R
REL

RADDOSE(T)

RADEATE(Y)

RANDOM

RANGE .

RLETHAL

SAFETY

SB(1)

Index to limit destroyers to one active weapon at s
time., O - there are no active wespons, alrijght to
shoot, 1 - there is an active weapon, cannot shoot.

Index used to centrel display data until there arae
eight point avatlable on destroyer tracks,

A dammy variabla,

A dummy variabla,

The hizhest destroyer hull number. Ejual to 2 at the
beginning of the game. 1f destroyer number two ig
gunk then HRDD is equal to one,

Total numbar of ASR0C's fired during the game.

A tandsm varishls used to determine {f a torpedo, fired
by the subxarine, hit the dastroyer.

Radius of the i*? pool of radiation, in yards.

X-coordinate of the ith pool of radiaticn, in yards,
with raespect to the main coordinate syrtenm,

Y-coordinate of tha ith pool of radiatién, ian yards,
with respect to the main coordinate system.

Radius of the displayed area, in yards.
A random variable used to detarmine ASROC reliability,

Total radiation dose tihe ith degtroyer has been exposed
to during the game, in roentgens.

The rate at which the 1th destroyer is recaiving
radiation, in roentgens/hr.

The random variable ug>d to link the various rsndom
ganerators.

A dumny variable used as a temporary storage in range
calculations.,

The lethal range of the ASROC warhead, in yards.
Safety factor used to computa submarine maximum
operating depth as a function of thae crush depth of
the hull,

Screw beat count of the il destroyer as reasured by the
submarine.
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T e b -

A dumy variable used in the calling of normslly
distributed random vaciablas,

Siny rate of the ASROC warhesd, in feet per second.

Tia actual beating of the suixtarine from the ith
degtroyar, in dezrass true.

Yiald strength of the steel usad in the submarine
hull, measured in thousands of pounds per aquare i{nch.

Tha trus submarine courss, in degrses true.
The actual submarina depth in feet.

The maxizum allowable cpavrational depth of the submarine,

The actual spesed of the submarins, in knots.
The maxioun speed available to the submarine, {n knots.

Tha actual submariune X-coordinate with respect to the
main coordinate system, in yards.

The actusl submarine Y-coordinate with raspect to the
main coordinate system, in yards.

A dumyy variable uged in the computation of radiation

Tioe of detonation of the it! AsmoC warhead, measured

The radiation rate received by the ith destroyer from
the j‘h cloud of radiation, in roentgens per hour.

Varlable Definition
SIGMA
SR
§S3¢1)
STRESS
SU3C
SUBD
SUEDMAX

in feet.
sSUBS
SUBSMAX
SUBX
SUBY
SUM

dose.
TBURST(I)

in game time.
TEMP A dumy variabla.
TRMPL A dumy variablae.
T2MP2 A dumiy variable.
TEMP3 A dummy variable.
=04 A dumy variable.
TEMPS5 A domy variabla.
TEMPCR(I,J)
TEMPPR(I, D

The radiation rate received by the itP dastroyer from
the jth cloud of radiation, in roentgens per hour.
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Yariadble

‘Deafinition

TPACTOR

THIRMD

THETA

e
TC8
TSTEP

TIOD(I,d)

TYDD(1,)

TXSUB(I,J)

TYSUB(I,J)

VEL

Wl

u2

WINDD

WINDV

A time factor, 1 - resl time, 2 -~ doubls time, .5 -
h‘lf time.

Depth of the thermocline, in feet.

A dumpy variable used in the cowputation of courses and
bearings.

Time to intarcept of a torpedo fired by the submarine,
in minutes.

A time storaga point usad to control timed logic.

Time of burst, thiz includes time of flight and zink

time of the ASRCOC warhead, measured in minutes 0f game
time.

Tima of tlight of the ASROC warhesd, in aecbnds.

Sink time of the ASROC warhead, {n seconds,

The time step for each cycle of the game, in seconds.

A temporary stcrage of the jth past position X-coordinate
of the ith destroyer used in preparing track data for the
dispiay, measured in yards.

A temporary storags of the jth past pesition Y-coordinate
of the ith destroyer used in preparing track data for the
display, measured in yards.

A temporary storage of tie jth past position X-coordinate
of the ith destroyer's sonsr cov.act used in preparing
track data for the display, measured in yards.

A temporary stovage of the jth past position Y-coordinate
of the ith destroyer's sonsr contact uged in preparing

track data for the display, measured in yards.

The relative velocity of the torpedo fired by the sub-
marine, with respect to the destroyer target, in knots.

A duxny variable used to determine the destroyer that
is closest to the submarine.

A durmy variable used to determine the destroyer that
is closest to the gubmarine.

Wind direction in degrees true.

Wind velocity, in knots.
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Yariadble Refinition_

x(1,J) The Y-coordirate of tha LV dastroyer's jth continuous
mark on its sonar rontact, in yards, with respect to
the main coordinste system.

o(1,)n The X-coordinate of the geh destroyar j-1 steps &go,
ia yards, with respect to the msin coordinate system,

x0 The X-coordinate of the centear of the displayed area,

in yards, with respuct to the msain coordinste systes.
XTEMP A dumy variable used for temporsry storsgs of X-coordinatas.
(1,n The Y-coordinats of the 1t} destroyar’'s JtP continuous

mark on its sonar coutact, {n ysrds, with respect to the
xain coordinate system. :

YD (1,J) Tha Y-coordinate of the 1t destroye. j-1 steps ago,
in yards, with ragpect to the main coordinate system,

YIELD The yield of the ASROC warhead in kilotons.

YO The Y-coordinate of tha center of the displayed area,
in yards, with respect to the wmain coordinate system,

X A vector of destroyer and sutaarine X-coordinates used
by the graph plot routine in Critiqus I.

Y A vector of cestroyer and submarine Y-coordinates used
by the graph plot routine in Critique I.
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APPENDIX IX

LOGIC FLOW DIACRAMS

This Appendix contains a series of logic flow diagrams as ligted
below,
Exscutiva Control
Plot Generator
Intaractions
Radiation Model
Submarine Logic Model
Run for It
Up the Middle
End Run
Submarine Team Coutrol
Sonar C;ntact Model
Contact Tracking Model
Weapon Piring Model
Bvaluatipn Model
Critique 1
Critique 1
It will ba noted that the statement numbar from the program listing is
shown in the upper right hand corner of each symbol in tha block diagram.

This should aid in correlsting this Appendix, with Appendix IV.
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FLOW CHART SYMBOLS

A connector or termingl.

An offpage connector,

A predefined process or module/subrouting.
A oore detailed flow chart of this subroutine is also
included,

Input/output othar than display,

Decigion.

Processing. annotation,

Diﬂ?l’yo
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AFPDIDIX 11X

SCBROUTINRES AND DC 160 XIRCUTIVL RCITING

This Appendix -ontains a3 ex)>lanation of the subroutines used in
the main progras and tie CDC 160 executiva routine used to connect the
CDC 1604 with the DD 63 dispiay. A listing of these subroutines can be

found io Appendix 1V,

SUBROUTINE RANVAR

Subroutine RANVAR {s used as the basic rscdom number generator., It
genarates random floating point oumbers in the intervel zerc to one that
are distributed uniformly in that interval. The random varisbles used
in the wsiu program sre called from either UNIFORM, FORMAL or ERROR
subroutines which {n turn call RANVAR for input. The generator (s e
simple fixed point division util{zsing the remsinder from the Q tegister
as the random nuuber. This number {s then mapped iato the zero to one
interval., Only one foput {s required to initialize this generster,

namely IRANDOM.

SUBROUTING UNIFORM

Sudbroutine UNIFPCEM {s & three argument subroutine used to generate
uniformly distributed random numbers in any interval. The arguments are:

1. The center of ths intarvsl.

2. The half width of the interval,

3. The output rendom "umber.
An examples would be UNIFORM (5.0, 2.0, SUBS). This csll would yield the
varisbis SUBS, submarina speed, uniformly digtribteted in the inter\al

with center at five koots and plus or minus two kasts.

BER - X R
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SUBRAGUTINE NORMAL

Subroutine NURAL 1s & three argument subroutine used to jenctate
persslly distributed 1anviom numbers with any meau ond standsrd davietion.
This normal distriduticn ie generated by means of tiia sum of identicsliy
distriduted (uniform) zandom variables. Twelve unifoerm rwburs ars used
bacauss:

1. The truncation {s not significant,

2. lve reduces the formula to a sumation and no division {s
Tequired.
Thas argusents to this subroutine are:

1. The wmean of ths dlstridution,

2. The sigma of the distribution.

3. The output Tandom aoumber.

SUBRCUTINXE ZRROR

Subroutine ERRCR is a five argument subroutire used to generate
circular normal distributed random variables. This subroutine is used
to Jetermine the true fall of shot given the aiming point and CEP or
sigma of thie distribution of tall or shot. The arguments are:

1. The X-coordinate of the aim point,

2. The Y-coordinate of the alm point,

3. The sigas »>f tha circular normal distributioca.

4. The X-coordinate of the fall of shot.

$S. The Y-coordinate of the fall of shot.

SUBROUTINS CIRCLE
Subroutine CIRCLE is used to generate a series of points, 24 in

nunber, every 15 degrees around the perimeter of a circle of predetermined
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ceuter and radius. Tha ciicle {s theu used in the formstion of the
circular clouds and pools of rediastion displayed to the destroyer teem,
The argusents ara:

1. Thia X-coordipate of the canter of tha circle with respect to
the maln coordinate syrta-

2. The Y-coordin.te of the canter of the citcle with respect to
the ms{n coordinate system,

3. The radius of the circle with respect to the msin coordirate
systen,

4. The X-coordinate of the centat of tlia displsy with respect to
the main coordinate systems.

5. The Y-coordinats of the center oi the display with raspect to
the main coordinate system.

6. The radius of the displayed areas.

7. A vector of X-coordinates of the 2% poiats in the circle with
respect to the display coordinata systen.

8. A wvector of !—cdordimtnu of the 24 points in the circle with

Tespect to the display coordinate system.

SUBROUTINE DCIRCLX

DCIRCIX is & subroutine used to transuit tha circle coordinates,
gonerated in subroutine CIRCLE, to the CDC 160 from the CDC 1604. The
arguments to this subroutine sre:

1. ITRXNO - the track of circle number by which this particular
circle can be desfignated.

2. CHAR - a gingle letter or number in bollyrith form that is to
be displayed as one of tlhn polints in the circle.

3. 1In the program MULNUC]1 the letter ¢ and p sre used to dis-

tinguish batwsen clouds and pools of radiation,
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4, NUMPFIS - the numbar of points in the circle.
S5. IX = s vector of X-coordluates for the circle.

6. 1Y - a vector of Y-coordinates for tha circlas.

SUZROUTIRE DIRACK

Subrout {ne DTRACX is used to transmit crack data to the CoC 160

from the D2 1604. This subvoutine will send tracks of up to sight points

to the CDC 160, Thae argumsnts to this subroutins are the same as those
in DCIRCLE, in fact the two routines are identical with the exception of

the sllowsble number of points.

SUBROUTINE LSTATUS

DSTATUS {s a subroutine used to transamit (nformation to the windows
described in the saction on Man Machine Interfaca. This information can
be in two forms:

i. Program variszbles {n fixed point form.

2. Massages in hollarith formm.

Tha srguvents are:

1. VITYPK ~ zaro represents a numerical program variable is to be
sent, vhile one indicates that an eight hollerith character word is to be
sent,

2. NJIND - the cumber of the window to which the variable or word
is to be sent.

3. IW - tha field width of the variable.

4. TRAME - the name of the variable to be transmitted.

5. IX - the X-coordinate of the lower left hand corner of the
window,

6, IY - the Y-coordinite of the lower left hand corner of the

window.
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[t should be noted that windows are 128 display coctdinates units long.
1f 4 message in the form of words is to be sent to the display and (t (s
looger than eight lettears (the length of ons wiadow) it can be sent by

mears of more than one window. These windows abould be displaced by 128

units in the X dirsction, thus the windows may form & coutiouvous word of

wore thao eight characters.

SURROUTINE PARAMS
PARAMG 1s an eight argusent subroutine usad to ruery the COC 1&0
ss to the contents of cight selected windows. This subroutine allows
the main program, in the CDC 16C4, to enter changes that have been nade
to the windows of tha displey by tha player. This (s the only method the
player nas of coumunicating with the program without interruptiang the
aight

= the

piay. The arguents to this subroutine are:

F

contents of window §

e by b s e

= tha
- the
the

- the

£ ¥ £ ¢ &

7A = the
g4 -

controlled

counients
contants
contents
contents
contents

COQKOBQI

of window
of vindow
of window
of window
of window

of window

the mmeric value of a

6

9
16

location in the COC 160 that ig

by the DDl FIRK and DD2 PIRE buttons.
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APPEINDIX IV
PROGRAM LISTIG
This Appendix contains the computer program listing of the simu-
lation MULXL, The program blocks sra in numerical ovder and the logic
can be followed by cross referencing this Appendix with Appendix I, In
this program all class{fied input parameters have been assigned fictitious
values 30 thet the ~rogram, as prasented in this thesls, could remain

unclassified.
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