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ABSTRACT
The computer war game 18 emerging aa'ﬁ vital tool for
fiqdins near-optimal solutions to current’military problens,

A computer war caze designed to perait parametric analysis of

a submarine bvarrier 1s developed, Simulation techniques, both

zathematical and computer, are discussed, The effects of

agsumptiops inherent in the computer war game are described,
Illustratlive analyses conducted through use 27 tuls computer
war game are exhibited, Potential uses and methods for

izprovezent of the developed war game are discussed, .

The author wishes to express his appreclation for the
assistance rendered by Prcfessors Thomas E. Oberbeck and

willard . Blelck of the U, 3, Maval Postgraduate School

and Mr. ¥Williaa D, Jones of the Lockheed Aircraft Corporatien,
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SULIARY

The Work presented in this pPazZer <as undertaken with ‘he
oblactive of developins & coaputer war gaze which would pro-
vide a basis for the parazetric anslysis of subnarine tarrier
design, This war gaze was contrived in a zanner which would

ellow 1ts application to a wide variety of barrier foras,

Iniltially, a hypothatical subzarina barrier and its sn-
vironpent are defined., Characteris‘ic parazeters ars iszslated
to provide a basis for war jame sizulatlion. In order %o stay
w#ithin practicable programz=ing limizs, soae non-sensitive
paraneters are eliminated from conasldecation, and otners are
combined into a single parazeter which effectively reprasents
all eleaents of the group. In additicn, assumptions lnherent
in this war game simulation of a subsarine barrier are snua-
e-ated, 32oth war gaming and cozputer prosramaing techmnigues
are discussed in connection with siculating the hypothetichl -
barrier. The techniques discgfsed cover voth geonelric and..- --—~

functional aspscts of barrier design,

Two sample analyses were condp;tcd by the uase of this
Eonputer war gane, One ls concerned with an estimate of the
.optizsl design-speed for the barrier submarine, and the other
looks at the relative effectiveness of different geometric .
barrier forms as a tﬁnéticn of detection capability, Neither
of these analyses can be considered coaplete, They are pre-

sented herein to illustrate analytical use of the compﬁtor :

war game, Finclly, somo potential uses for this war gamo are
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e O PSR- -




R

set forth, along with some brief descriptions of rrocedures
walich ﬁlght ke used in zodirying the present computer progran
to achieve 3sreater realisa and accuracy,

The author wishes to express his appreciation to lirs, J, ;
L, Ramos for rLer clerica‘l assistance and cereful proofreading ;
of thils paper, ;
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TA3LE OF SYNDZOLS

toaning

Zffective firins ranse of the weapons installed in
the barrier subaarfines,

Distance between the left extreze of the barrisr front

and the beginninzg of the first sudzarine zone in the
ith barrier 1line,

Lenzth of the barrier front,

Nuaber of barrier lines,

fluztor of subaarires in the ith barriar line,
Probabllity of detection of a tranciting subrcarine by
the entire sutzarire barrler., 7This value is received
23 an output froa the thesis prosran,

dcndltional probabllity of intarception of a transiting
subzarine by the entire subzarine barrier, given a
dotection, This value 13 recelved as an output froa

the thesls progran,

Conditional probebility of kill of a transiting sube
2aring by the entire-subzarine barrier. This value

is raeceived as an output from the thesis prograa,

Range of detectlon capability of the barrier subzarines.
Distance between tarrier lines, *

Maximum speed capabllity of the barrier submarines.

Speed required of the barrier subsarine in order to
egrect an interception of a transiting submarine,

Speed of the transiting submarine,
Length of the subzarine zone in the ith barrier line,

lative to the barrier line, at which ths
Q:E;:itizs subzarine is detected by the harrier sub-

narinog, ‘

ative to a perpendicular to the barrier
f?ﬁi?'a€°bn1cn the transiting submarine vill cross

the barrier,

~
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CHAPTZER I1s2

Introduction

The field of Operations Research is daily faced with new

prodblexzs which becoze increasinzly cozplex. The upward accel-

eratlon of the level of complexity in current natlonal and

world probleas has been brouzht about, in large part, by a
rapid ceneral expansion in the level of technology and a rapid
increase 1n thb coaplexity of inter-relations between individ-
uals, orsanizations, and natlons. Ceclsions made in this
envirornzent can have wide-spread effects which go far -beyond
the im:ediate problez-area in which the decisions were made,
At the national level, the effect of faully decisions can
have a dovaétatins effect on naticral security. The complex=
ity of the decision ehvironuent and the vital need for arrive
ing at the best decisions possible within the constraints
iaposed by this thironment imply the need for a technique

of analysis which is capable of handling, realistically and
rapidly, the large nuaber of important varisbles which seem
to constitute a characteristic of nodern Operations Research

prodbleas,

That advanced technology which represents a barrier to
the effective solutlon of current problems has, within the

-past few years, evolved a tool which can do much to assist

in solving these problems, The combination of this tool
with a time-honored analytical technique provides a system
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for alding in the solution of complex problems, The tool
evdlved is the high-speed, electronic, digital coaputer,

and the old technique is that of war gaszing,
The objective of thls thesis is to dezonstrate the use

of such ; war-caze/coaputer cozbination for solving decision i
protlezs in connectlon with an A3W submarine barrier. The
provlen area assocliated with subzarine tarriars has the high
level of cozplexity inherent in zost present-day problecxs,
and the proper solution of these problexzs is vital to the
ratisnal security. fhus, the ares in which this:thesls

{ worka falls within the zeneral catezory of izportant pro-

‘ blezs referred to above, 3efore proceeding with the de-

tailed thesis, it would be well to prresent some of the

[

:1storical backsround which has led to the synthesis of

war Sazes and the digltal computer as an analytical tool,

WYar gasing 1s an anclent technique, In its crudest E
fora, it found expression as early as 1000 B.C. as the
forerunner of the modern game of Fhasa. In essence, chéss
1s a game of war which has been divested of its physical

aspecia and rezains as 8 purely intellectual struggle

bestween two individuals, Nearly all of the historical
development of war gaming, until the qlnotconth century,

was based on various sttezpts to evolve a more complex and

sophiaticated fora of chess. The oblective was to devise a

et s 7t e =
e

gane which would more closely approxinmate tyc engagenent of

i [ Yt ¥ S R

forces in the fleld. %
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Hiatorical variations in the cheas-type var ganc took
on nany foras, The earliest of thess was developed by

Christopher 'Weikhmann in 1664, In his game each opponent

had 30 pleces; ogch piece had a name representing soze
=ilitary function., There were fourteen different kindl of
fixfd soves, This 33&9 remained as an intellectual contest
petween individuals, and as such was simply a complex exten-

sion of the basic chess game,

In 1750 a gaze called Helwig's War Chess appeared on

the war gaming scene, It was played on a board consisting

of 1,655 squares, tinted to represent variations in terrain.
In the playing of this gaze, rwathematical processes were used
tovard the 6bject1ve of reducing & fortress, This objective
was Synoﬁjmous-with the zmajor military objective of the day,

and the game was used 11 the early training of potential

military officers,

.Over.a period of zanj years, a large aumber of atteapts
was nade to develop & game which would contain elements siau-
lating those normally encountered in the battlefislds, It
was thought that such a game would provide an economical
leans ot turnishina some battlefleld trainins in the class~
room for potcntial military officers, !he nuanber of squares
on the chessboard vwas 1ncrcaaod prosrosaivelf to 3,600,

Several different achnnec were utilized to provide represen-

tations of terrain varilticp on the board. The nuaber of

pleces ‘in the gane was inereased, and @hesokpiocau. along




with their possible Eoves, began to take on military signif-
1cudce in a rere accurate sense, The methods of aaking
20ves curing a gaze changed conalderabdbly, nathematlcaf
procecses were utilized to deterzire arrropriate coves
urder a given gset of circunstancas, éhancé elezents were

included. For exazple, in one saze a dié toss waza used toi

e e B e L

deterz=ine the effect of a particulzr application of firge

power,

It bYecaze apparent, in the '9th century, that further

'

modifications of the baslic chess gaze wculd not greatly en-
hancoe the training to be derived frsz this technlque.‘/As a
concequence, fundazental chanses were zade, First, a sand - L
table and, ultimately, a space the size of a drill floor
¥ore utilized in creating terrain zcdels on which to conduct
var ganes, Tho pleces used in the saze took on a closer

| representation of actual forces ‘n the field. In addition : ;j
f‘ : ‘ to its training functiorn, this tyse of gaze was utilized
i .

1
in planning contexmplated military actions, kf
. ] g

Another trend which became evident dufins this sane

Meache Ay e R

period‘vaa the use of charts, laid out to a specific scale, g i

to serve as the fleld of play for a war game, A form of -
this technique was used by Napoleon; Lowever, he used it as
& personal scheme tor_plannins oporat:ons and, as far as is

'knovn. never utilized the technique as a training device,

The ultizate development of this sort of war sdyo has

Trarhittndana Sl . AP At oy . Wars

lod to the use of actual forcos participating in nocg vars
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or, more accurately, mock battles.' This technique iz used
to the present, It ;s used extensively by the Navy in its

fleet exercises., This technique hés an advantage in pro-

viding military forces with practfco in the execution of ‘
current tactical procedures, However, it has several dis-
advantages when used as a devicé for analysis of e pioblem-
arca, It i3 extrezely expencive and requires an irordinate
adount of time to acquire sufficient data to render the re-

sults significant. This technique coapletely breaks down a3

»»Ha,possiblllty_rorﬂtgatins proposed weapons systems, since the

weapons inherent in the proposed systenm are not available for

field test,

Fortunately, at this stage in the history of zankind
when technology 1s advancing at a rate which makes "new"
weaponé becocie cbsolescent very rapidly, technology has also

provided a system for conductinsieasily controlléd, compar-

’ A%ively accurate, widely variable, relatively inexpensive,

and rapidly played war games, This device 1s the high-speed,
electronic, digital computer,

‘Thq full capabilities of the digitdl computer are not

".known at present. However, even with the relatively minor

inroads which have been made into the fleld b; current

practitioners, the yy;t§n has demonstrated its worth for the

extoﬁaion of the war gaming tgchniqua. The cozputer, proe-

éranned to simulate an operational situation, provides a

system for testing new tactics and proposed veapons systems
RN o L "
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w¥hich 13 unequalled in specd and effactiveness by any other
technique,

Nearly any military situation can be simulatedAin the
coaputer, It 1s true that, due to lack of avallable computer H;f
:o:oby space, time, and/or other factors, basic assumptions ]
zust ordinarily be zade which tond to desrade the realisnm
of the{c::puter sinulation, However, careful control over
the assuaptions which are bullt into the‘program can ensure @

cffective results, ' -i
' !

The zdvent of the high-speed disital cozputer Las brought
a new, previously unattainable, capatility into the war gan- 3
ing fleld, 3y use of this technique, a complex weapons
{ N ) cystem, which exists only as a parazetris cental conc;pt,
| con be toected for feasibility and operational effectiveness

prior to the time. that funds zust bte expended on the tech-

TR L ..

) ‘nical dévalop:ent of this weapons s;stem. Ip the ﬁresent
] ‘ ' wdrld situation, where limited research and development

funds must be expended 1in the zo?t efficient way possible,
this techniqua can be of inestimable value in the develop-

Bl 20

ment of 4 nev system, Optimal values for appropriate para- '

. e e e

" meters can be established, and various means of tactical ; ‘

' .

;  and/or strategic utilization can be explored. The establish-
l . ment of non-sensitivity conditions with respect to eoze para-

‘ . R

q

]

meters may lead to savings in the expenditure of development
funds, Thus, tho application of cozputer lechniques to the {
. 0ld art of war gaming is providing an extrexdely valuable,

o
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even ossential, tool for the test and evaluation of new ideas

"in this prosen -day world of soaring technology,

In summary, the war saue besan as a relatively sinnle
gaze of choss. AS the conduct of 21litary zanecuvers and the
weapons In use becaze zore coaslex, the need for a devicoe to
traln personnel, test tactical ccncents, and plan ailitary
cazpaigns becaze apparent. Until the 21d-20th century,
varlous, sometizes culte involved, =edifications of the basic
chess zaze ve"ved these purposss, In the environzent of the

modern exponentlal rate-cf-advance of technology, the classi-

cal systezs of war gaz 4ng gerve culy limited objlectives, The

nev technology estatlishes a need for a zmodernized war guaing
.. -
technique which will provide for rapld and effective analysis

of propesed concepts., The high-speed digital cozputer hasz

filled this need. The potentlal of this technique has tarcly

been tapped to date. It premises a rapidly increasing utllsty )

for some tize to coze,

In this thesi;, computer an< war gazing techniques are
¢ozbined to form a gace which sizulates the conflict between
subzarines in a barrier and an unfricndly submarine attezpting
to transit that barrier., The rexzainder of this writing sets
forth the simulatlon techniques used, tunctional operations or

the computer prosram. and Illuatrativo analyses,

I ~
Detalled programzning techniques will not be covered,

This war game was prosrauned for the 1604 Computer manuface
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along with vnertinent operating instructions, is kep% on file
in the lathematics Departzent of the U. 3, Naval Postgraduate

3chool, Xonterey, California,
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war Jame Simulation of 3ubmarine Barrier

The war gaming technique as apnlied to a digital computer
iz an adsirable device for cbnducting an analysis of optimal
sutzarins barrier desizn, A simulation of this type serves to
filuctrate the zany advantaseg of a wir game approach to the

problea,

The war came which was evolved and prograazed for the 1604
sozputer in the developzment of tkis thesis (hereinafter ree
{

ferred to as the thesis prozraz) sizulates a hYpotﬂetical

A3Y sutzirine barrier and the envirenzent in whichiit functlons,
Cur Tirst step 1s to establish the geozraphice environment of
the si-ulated tarrier and to d2terzine those parameters inher-
ent in such a barrier which zust te incorporated in its war

© 2aze sizulation,

The barrier contemplated by the coxputer simulation:of
thls thesls has certain specific characteristics, These char-
acteriétlcs are not intended to represent any particular bdbarrier
desizn. A specific attempt has been made to keep the geoapppy
of the barrier quite general and elexmentary. The purposé in
doing so 1s to provide a program which lsa éuitable for basic

analysis of a wide varlety of barrier situations,

Tae barrier under consideration might be classifled as an

It 1s positioned in ocean areas which are

*open-ocean® type,
unobstructed by land passes, and in which transiting subzsrines

9




are not restricted, for one reason or another, to passage

throush a narrow channel. An example of thls sort of barrier

would be one which was positioned cefenslively along a natlional

coast. It might also be positioned across an expanse of ocean,

The barrier under consideraticn 1is z straight-line tarrisr,
taere 1s no provision 'ln this vrograa for eitker a curved-line
rarrier or one composed of tu§ or aore stralzht-line seguments.
The barrier forzation may consist, in depth, of one, two, or
three lines of subzarines, Zach suézarkxe in each barrier line
i3 assizned to a specific zone, and it zust rezain within 1ts
assisgned submarine zone throushout the éxisf.eﬁce of the tarrier,
This zonal restriction rexains effective in an attack situation,

The submzarine zones are rectangular in siape end are of the

same dimensions for all subdzarines la a given bvarrier line,

The dlaensions of these zonesa may, Lowever, vary tetween barrler

lines in cases where the barrier teins studied 1s mors than one
line deep, Each subaarine is required to maintain position in
the center of' 4ts assigned zone, This restriction is, of course,
vaived during periods when an intercept of a transiting suboarine

is being conducted,

The development of a computer sizulation of the barrier
described abov§ pust be done in terms of 1ts characteristic

parameters., Obviously, complete and peallstic simulation in-

" volves a large number of these. The following 1ist of para-

meters might be. used to characterize the simulated barrier:

1. Jength of varrier front.
’ 10
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2. Nuabder of tarrier linon;
3. Number of submarines in each barrier lina,

a, Length of subzarine zone in each barrier 1line,

S. Width of submarine zone in each barrier line,
5, Uistance tetween barrier lines,

7. _Relatlive positioning of submarines tetween tarrier

lines,
g, Sarrier sutzarine speed capability,

9. Barrier subﬁarige endurance at various dpcratlng

sneeds,

10. Operating depth of barrier submarines,
11. Geozetric pattern of detection capability,
12, Jater conditions whick influence detection cepability.

13, Other. environmental factora vhich. influence detection

.capability.

.

14, Effective range of installed weapons.

1S, VWeapon delivery characteristics,

16. Accuracy of weapon fire control systea,

-

17. Letkallity of installed weapons,

18, Hupan operator-factors which relate to subisrine cone
1

cu . o
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trol, detoction, target classificstion, target fixing, weapon

nandling, and flre control,
19, Inter-cubmarine cozzunication capability.

The foregoing paragraphs ccnutitﬁto a physical description
of the hypothetical subnarirne tnrrier vhich is sizulated b7
the theals pro3raa., The sizulaticn techniques used in thre
developzent of the thesls prosraa do not constitute a coc~

sletely reallistlc representatlor of this hypothetical bdarrier,

In preparing the thesis prcsraa, some of the parazeters.
1isted atove were not considered. Ia additlon, simplifylng
assucptions were zade with respect to soze of those which were

constdered, The fact that scze paraseters were either igrored

or modified doss pot 1aply that cozputer processes are not
capable of dealing with them. The list of pertinent parazeters
{f two reasons:

-~

wasg :odiried 1n effecting sizulation for one o

elther time avallable for thesis preparatlon was not adeguate

to allow considoration of soce psranelers or a single, comn~

posite paraceter could represent 3 group of parameters with an

acceptable degree of realisa.

Those perazetric characteristics which are used by the

thesis prograz to effect sizulation are set forth below, The

data in parentheses following the description of each para=-
resentative syabol and the maximuz value of
an be entersd in the program. ;n goat
Gictated by the avalilabllity of

meter are ita rep
that parameter which ¢

cases, this maxizum value i8

2

’,
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data-entry space on the cornsole of the computer, Other systens
for data entry than that used in the thesis prograa would re-
sove thia limitation,

1. Length of tarrier front. (L)} (24,576 miles) The
113iting value of this parameter is dictated by the amount of
coaputor mezory space raserved for entiry of the geographle plot

of the barrier.
2. Number of bdarrier lines. () (3).

3, ' Length of sutzarine zone in sach barrier line. (2y;

1 =1, 2, 3) {511 ziles).

4, Distarce between left extreze of barrier front and
teginning of firat subaarine zone. (Iy; i = 1, 2, 3) (511
ziles). This parazeter 18 used to esiablish the relative

positioning of barrier subzarines tetweer. barrier lines,
5, Distance between tarrier lines, (3) (511 ailes)

6., Mumbter of subrarines in e#ch barrier line, (Ni;
1=1, 2, 3) (63). '

7. Barrier subzarine speed capability. (V) (511 knots)

This represents the upper 1imit of the speed which a barrier

subzarine is capable of making in & particular run of the

computer progras.
8, Detection Range. {R) (511 wiles).

Rance uf installed veapons. (3) {63 miles).
3 A

9.

o e
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10, Conditional Probability of ki1l of transiting
subzarine, siven a dotectlon and interception. [P(X)] (1.00).

Tius far, only a one-sided gazo has teen discussed. Any
520 involves soze sort of connict. between opponents. In the
¥ar cade in question, the cpponent to the barrier submarines
is an un:‘rienfny sutnarine which at*czpts to transit the bar-
rier. 7his tarzet would have roughly the same set of char-
acteristic parazeters as a barrier subaarine, plus freedom of:
=ovezent, Howevew, due to lack of avallable tize for prosrth-

Sing, only the following two parazeters are used in the sinm-
; ,

- lation of t}’m'tmnsitins cubzarines

L.

TN -

artes

V. Transit subzarine speed. (¥) (63 knots) In the thesis
pro_rau, the transiting subzarine zoves constantly at the

speed set by the prograa operator on the computer console.

2. Trensit track anslcv. ($) (+90° to = 90°) The refer-
er.ce ray and directions of ceasurecent for this parameter are

indicated in Pigure ¢,

In addition to those parameters set forth above, there
are t.v6 which are generated in the coaputer as a function of
caze play: - .

1.. Detection angle. (&) (0° to 180°) The reference

ray and direction of measurement are indicated in Flgure 1,

| 2. Interception speed requireasnt. (Vr) (no effective
1i21t) This parazcter represents that speed required by the

. - 1 1)
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tarrier subzarine in order to intercept the target following
detection. ' :

A dlagrazatic representg'tion of the geozetry and pertinent
paraoeters of the barrier simulation 1s contalned in Figure 1,
Diazram of Sutaarine Barrier
1

X=2 I; =0 Ny = 4 Ng =2
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In order to understand and, moce importantly, to evaluate
results, one oust know what assuzptions have been buillt into
the cozputer simulatlion of the gubmarine barrier. Soze of the
assunptions inhorent in the thesis program have been made in
order to reduce the nasnitude of the progracming effort, The
cosputer 13 capadle of handling the problea stripped of these
ascumptions, but tize was rot avalladle for the necessary pro-
grezaing. Procedures for elininating soze of the assunpt;ions
will bo discussed in Chapter 7. Those assunpuoris wvhich are

‘zrlicit in the prograz are as follovwst

1, The barrier environzent 1s essentlally two-dimensional
{in nature. Depth of tho water, tarrier subzarine, and transit-

ing sutzcrine are. not considered 1in the thesls progranm,

2. weather, ocean currents, and similar environmental

factors are not izportant ccnsiderations in the barrier sizu-

lation,

3 Due to navigational errors and other influences, each
barrier submarine will be noraally distributed about the center

of 1ts assigned zone,
A, Barrier submarines ire unable to communicate with one
another,

5. The sone of detection capadility for esch dbarrier
subzarine can be represented as & sesl-circular ares,

6. ‘The transiting subcarine will be detected with
| 16
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probability 1.0 1f 1t enters the effective detection arva of
'any barrier submarine,

T 14 o m—————

7.

Only one sutnarine in each barrier line will attempt'
an attact on any thrset, and that submarine will be the one

vhich 13 closest to the point at which the transiting submar- -
ire will cross the barrier,

8. “he barrier submarine which i3 closest to the transit

erossing point vill always attespt an attack, In other words,

tha coxmanding officer of the barrier subnarine will never in-

; tentlonally allow the tarset to paas throush the barrier,
i

9. The barrier subnarines are constraihed to move oniy

on a irack parallel to the barrier line while attempting an ;
|
intérception. . : '

IO. Any barrier subnarine which la capable of interception t
will always fire on the target. - ; : \

11, Aan attackins pvarrier subzarine will always fire as
v _ -
soon as 1t copes within effective firing range of the target. \

12, An sttacking barrier submarine will fire on the

e et

tarset only: once.

i B 13, There are no friendly units tranaitlns the barrier,
’ Target claaaification is not a conaidoration in the simulation,

3 14,  The points froa vhich enemy submarines commence thelr .
: transits will be either nnifcrmly distributed alons a reference

o . , B ¥ 4
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line chead of and parallel to tho tarrier front or norzally

distributed about a point on this reference line opposite
tho center of the barrier front,

15. The trackgof trangitins subaarines will de normally
disiributed about a perpendicular to the barrier lino.

16,  Transiting subtmarines will alvays travi;l at t.he.ir

asslgned speed,

17.  The transiting submarine has no knowledge of the

existonce of the barrie_r. 1% theoref{ors takes no evasive action,

18, Tho transiting sutzarine will not attack any barrier
subzarine, wnd the barrler is not under attack from other

outside sources, Therefore, there is rno attrition of bdarrier

subzarines,

Of the cbove 113.1’. of 18 assunptions, there are six which
are considered a&s being unrealistic to the extent that they
adversely affect the realism of the ocutput data, These six are ,
numbered: 1, 9, 12, 13, 17, and 18, '

Assunptions 9 mg! 12, vhile they 4o not represent those ’
actions one would normally expoqt to nnd in the hypothetical’
barrier, do not seriously affect data wind froz the prograa,
In effoct, .tness assunptions represent a conservative sisula-
tion of hypotheticsl barrier actlon, Thelr ultinate effect is
to genorate output data which represents a lover bound on that

" which might be oxpected without thes,
18
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The remaining critical assumptions tend to generate overly

optimistic output data. They scrve to oppose the lack of roal-
isn in the two assumptions cited above, Howaver,‘the exact
cozposite effect of all six assumptions is undetermined, Their

overall effect is to reduce the'desfee of resolution which hay

* be obtained in a sensitivity analysis of barrier parameteré.

with a recognition that these assumptions are implicit in tho'
progran, an appropriate estimate of tho level of Sisniflcance

can be deterained for ;hé regsults of a pérticular analysis,

f

Zlenents of data for use in analyses are obtained from a
sories of plays of the war same contained in the thesis pro-

gran, ‘The number of gaze plays in a series may be detaru;ned

Sy the prograa operator. A single play 9; the game. consists

of the following sequence:d

- ———

}. Tae barrier submarines and thelr detectlion sensors
are entered in a éeosraphic plot of the barrier, =ach subzarine

1s positioned in accordance with a rorzal distribution about the

center or 1ta assigned zone,

2. A unlformly or normally distributed starting point
albns a reference 1ine ahead of the barrier is ostablished for

tho transltins submarine,

3. Thn course on which tbs target will penotratc the
barrier is selected in accordance with a normal distribution
centorod on a perpendicular.to the barrier line,

4, The trrnsiting subsariﬂe is coved through the barrier,
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and the outcome of the gaze, in terms of detection, intercep-
sion, and kill, is recorded,

o !
The barrier submarine war gaze described in this chapter

sust also be explained in terns of its operation in the computer

program, Pertinent coxputer simulatlion techniques are presented

in the :ext chapter, .

'
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Chapter 199

Ccuputer 3imulation of Subnarine Barrier

The thesis program 1s of rodular construction, This sort

of prosram‘constructlon, 1n gereral, reauits in inefficient use

of comnuter space and, to some extent, additional running time
for the prosran, However, it has a decided advantage. - Since
the indivicdual proéram nodules are nearly 1ndepeﬁdent of one
another, this type of construction pfovldes for relatively

eagy later médificatioq of the program, - i

“~

There are Several elezents of sorhistication which, if
added to the thesis prograna, wauld'heishten the realisn of the
simulétlon'and/or provide for additional areas of analysis
gith raspect to submarine darriers. 3ome of these elements

will be mentioned in Chapter V, alons with descriptions of

.8one sénerai processes bj which thelr incorporation might be

| accomplished, - .

"
In addition to that portion of the thesis prosran vhich

actually producea the barrier s‘mulation and gane play, there
are several supporting sub-routines which are used throughout
the program, These are not directly concerned yith the sube

zarine barrier war game. In general their presence 1s dictated

by needs which ariss in connection with elther nathematical

models or arithmetic processes inherent in a digltal computer,
The functions of these supporting prograz modules will be cov-
ered, but not the detailed prograaning techniques, since these

tochniqnes are more or less stendard.
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The supporting sub-routines utilized in this prograa éro
as followss

- :
1, A randoa nuaver generator which produces random san-

Ples froaz the uniform distribution on’ the interval [0,1)3
. / ;/ -
2. A randoa numbepr generator which produces random 8anm-

" ples from the standardized norzal distribution’

-~

R et e did eI g i e o 1 e

2 3. A routine which cozputes the sine, cosine, and tan-
sent of any Inteser-valued anzle froz 1% to 89°, inclusive,
inis rbutine contalns a tatle of sine values for all angles in
thefaﬁoap ransé. theQutnisbnoaetrlc values are computed as

functions of the sine values. One section of the computer pro-

e i sy [

gran involves a ranze of anzles froz 0° to 1209, Angles greater
than 90° are handled elsewhere in the prograz By entering this
sub;rcutiné with the supple:ent of the desired angle and affix-

ing the abpropriate sign,

4, | A routine which converts positive and negative
nunmbers in rloatiné-point_format to' their nearest integer

eqQquivalent.

S. A routine which converts positive and negative

lntegers to their equivalent flcating-point format.

6. A routine which converts positive fractional num-

bers from the interval [-9,1) to their equivalent floating-
point format,

7. A routine which coaputes the sacple mean and
. .
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varianco of the output data froa the progranm,

With the excepticn of the two randoa nuaxber goneration

sub-routines and the statigtical snalysis sub-routine, all
of the avove are ontered by & return juap, with the number to
t2 traated in the A-resister. The two randoa nuzber generators
are also entered by a return Ju2p, but they runétian independ-
ently of any data input fro- the zain program, The output '
‘roa all'ot'mféso>sub-routines, excest for that which performs
the statistical analysis, is entered in ihe A-register prior

to return to the zain prosraz, The statistical analysis asube
routine soes inlo operation automatically upon complotion of
the epeciried nuzber of saze plays., This suberoutine comnputes

‘re sample mean and varilance of dotections, interceptions,

and @11ls for each sroup of 102 transits through the barrier.

It then coxputes the zean-of-zcans and variance-of-peans for
the specified nuaber of 100-iransit runs rwade during an
individual running of the prosraa. All of this data is stored
in the space in the coaputer reserved for output data,

All of tho above described sub-routines are supporting
elements of the pair barrier sinmulation program., The main

progran itself 1s broken into sevaral :pdulea, each of which

psrfofni a more or less independent function !n the process

of the ove:rall war gane slnulation'or the aubmgrino barrier,

e

These nodules divide the barrier var gaze into more or less

ratural components, Fisuré 2 is a sinplified flow-diagran

R e it e

which {llustrates both the general war gazing procedure and the

functicnal positions of the zaln progras zodules,
nat po vy
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Inhesls Prosram Flow Discram

i
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set up
next
Saze unit

& stor
zeans Z

coz=pute

variances

store &
Lompute
data

i

'y

snter
barrier

|

erase
tarrier

run
transit

record
deteciicn

recird
inter-
ception
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" axpressed in tercs of oiles 0oz the left end of the bagrier

. line,

\
gtorad for further use., = af®act\of the computatlon involved

s om0 S A 1o i

The following sub-paragraphs contain brief descriptions
of the.functlons perforned by the varilous modules of the coze-
puter prograz indicated in Flzure 2

t
!

1. 3tore and Co=nute Sata,

(a) The input parazetric values which were entsred

or tho console ol tie coxputer by the prosran operator are

placed in storage for reforence arnd use during operatlon of
»

the progran. . A

(b) The zean positlon of each barrier subzarine 13 - ¥
comsuted and storai for further use. These nean positions are

(a) The zeographis sosition which each barrier sub-

\
=avine will cccuyry during & sinslé\ga:e play 1s computed and

1s to distribute tze tarrier submarines norzally about thelr

=ean positions, with a standard deviation of 8 miles, This is

accoaplished by tazing & randoz normall deviate from its gener-
‘etor sub-routine, zultiplyias this by the g-nile atand;rd de-
viation, adding the result to the appropriste submarine zean

e o o e

npoaition, and storiz3 the result for later use.

(b) The dlaneter, in miles, of the area of detection
°ap&b111ty.rbr perrier subzarines is cooputed and stored, A

ses of 1-bits, equivclent t2 sra above computed lensth and
3 - ' e ¥im
25
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contered at the norzally-dilatributee position of each tarrier

subzarine, 1s then ontered in the space in the compuler re-

served for the geographic plot of the barrier. The rezaining

bit positions 1n tho tarrier line(s) are left zero,

3. Sun Transit.

(2) The steriing point for the transiting subdarine
13 established along a roference line ahead of the first bare
rior 1ine. In order to provide for different environmental
tarrier conditions, two alternative =eans of deternining this
entry polnt are provided 1in the progsraz, at the option of the
sro=rea opoz.‘at.cz'. In norzal usege, transit entry points will
Te uniforzly distriduled over the full length of the first
tarrier lilne, . If Juzp Koy 1 on the coaputer console is set,
the transit atarting points will be noraally distributed al;ont.
the center of the first tarrler line, with s standard devia-

tion of 104 =miles, These options are previded to differentiate

" tetween (1) the case whorein a truly open-ocean barrier is

concerned and transiting submarines are equally-likely to en-
ter at any point eiona the barrier front, and (2) the case
xharein transiting suboarines are expected to travel along a

cozparatively narrov channel,

(b) The track angle of the transiting submarine is
coﬁputad. The thesis program provides for normal distribution
of this track angle about a perpendicular to the barrier line,
vith a standard ;!evintlaa of 8 degrees,

ction frout along the barrier
26 ,

(¢) The effective dete
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line 18 1ncressed as a function of the transit track angle

(300 Appendix A). This effective tacrease in detection front

1c new cntered at the appropriate end of the detoction front
for each subaarine in the barrier, .

(d) A single 111t 13 pcsxziﬁned in the Q-register,
and 2n iadox register is appéopr!ately set, &8s a function of
the longth of the first barrier line, the selected distribue
tion of starting points, and the transit track angle, so that
a sinzle bit can Be extiracted froz the zopropriate point along
Ve zcogsrapile plot of each barrisr line, The extracted bit
reprecents that point a%t wihich tke tronsiter crosses the bare

rlor line (3ee aprendix B).
4,  Detection.

(a) “heiher or not detectlon cccurs is detormined dy -
the it eoxtracted fro= the zgeozratiic plot of the submnarine
sarrier, If 2 1-Bit 1s extracted, detection has occurred; if

a Q=51% 15 extracted, there has tien no detectlon,

(v) VIr no detection occurs during a complgta barrier
transit, the thoaia.prosraﬁ erases the geographlic plot of the
barrier. re-enters the barrier plot with new, nor:ally-dlatri-
Buted positions for the tarrier sabdnrincs. and runs the next
subsarine transit through the barrier, in the uanngr outlined
atove,
ion occnri.,thn_datocticn is recorded,

and the prosran checks to sde whethar or not the transiting
27 .

(e) If a detect

-«
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sutaarine will pass, on 1ts present track,'wlthin weapon range

of the barrier submarine, 1If ¢ will, the'progran iLoves to the

zodule which deteraines whother or not the transiter s killed '
when fired upon, 1If the transiter will not pass within weapon
range of the barrier subzarine, the thesis program cooputes
the detoction angle and Joves to the aodule which deteraines
; vhether or not the tarrier subzarine i3 capablo. of intercept-

ing the transiter, (Sce Appendix C)

S. Interceot;on.

{(a) The speed required of tho barrier subzarine in
¢rder to effoct interception 1a cozputed (See Appendix D), 1If
the s?eed required is greater than the speed capability of the
berrier submarine (as esta®lished oy the operator prior to
starting the prosranm), the geosraphic plot of the barrier is
efased, and the next transiter is run through the barrier, or
the next barrier line is transited 1f the tarrier 1is corposed ‘
of zore than one line, If tie speed required 1s less than or |
equal to the speed capadility of the barrier subzarine, the . "-i
intercoption is reccrded, and ti: program moves to the module ;
vhich deterzines whether or not the transiting submarine is

b e

killed when fired upon, !

e s

6. K. | : . i
(a) Determination of whether or not the transiting

submarine 1s killed is accomplished by taking a randoa number
fron the uniform distribution on the intorval [0,1) and com-

T e eerviem——— e o - -
- e

pParing this with the P(X) value vhich vas entered on the con- - 5
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solo as an input paraceter by the progran operator. If the
randon nuamber i3 less than or egual to the input probability,

a kill 1s recorded, &nd the noxt transit is run, If the randon

nuaber is greater than the input srotbability, the prosram

aoves directly %o run the next transit,

7. 100 Trahsitsybone.

(a) The prccedure through step 5 above is followed,
with new normally-dlstributed positions for all barrier sube

=arines on ¢ach traasit, witil :00 transits have been run.

L}

(b) Upen coampletion of 100 fransits. all valuec of

input parameters used and the recorded values for detections,

interceptions, and %ills are-stored in the space providad for
' ' recording of output data froa the prograz, Tae prograz then
aoves to check whother or not the specified nudber of gene

units (100-transit runs) have been cozpleted.

8., Gaze Units Done.

[T ee———————r———

(a) As each 100-transit run is completod,bthe values
of input parageters and the output data from the prograa are '
stored in sequence in the space sllocated for storage of out-

p\lt data,
(v) Upon completion of the specified pumber of gane
units, the thiail brosr;n moves to the statistical analysis

section,

9. CQunute‘and Stbre }eans and Varianceg.

-
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(a) 1In this pari of the prograz, the zean and var-
jancae of the data for detoctions, Intarceztlons, and ills is
co=puted for each lOQ-transit run cnd astored 1n tho cutnut Jata
space in the computq;. Whon thin gequencs 1t worn lule, Uil
naan—ct-:cnnq and vériance-or‘ceans for cach of tho larce iyn2s
of recorded data 1s cosputed with respect to the zpecifled
nuzber of gaze units coapleted, Thcse are storéd as the 1inal

set of data in the coaputer space rzserved for output,

The forezoing provided a brlef zenreral descrintion of the
sanner in which the thesls prosraz functlons a3 2 sudbzerino
si=zulation., Jomo additlonal cozrenis snould be made with re-

spect to the way in vhilch two-dizensionality and other features

- /ﬁre kandled in the thesls prograa,

7he geographic plot of the sus-arine tarrier, as it is
entered in the coaputer, is one-dizensional. The 1-b1ts‘whieh
are ontercd as sensqrs for the tarrier subaarines reprosont
their detection capablility only slong the barrier line 1tself,
The second dicension 1s incorporated into the progran by the
use of mathematical zodels in 1ts "Jotection” and fInteréeption”

nodules (Seo Appendices C and D). In a sense, when & detection

occurs the prosra; atops for & mozext and reconstructs the

history of detection and movenent of the trazsiting sutoarine

' which would have had to occur in order that the transiting sube

cross the barrier line at the point established during
transiting submarine

marine
gaze play. By applying the speed of the ‘
to this history, the speed required by the barrier subzarine
in ocder to elffect interception 1is computed.
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Details of the subnarine barprier war 5@6 played by the

tzesis progran have been presanted in thls and trhe preceding

chapter, Tho gaze iz rlayed in order to 1solate and Caln in-
gicht into the critleal features of subuarine varrier design.
~ne following chapler explains.the output data seinarated by

the theslis progra= and 1its use in conductling gnalyases.
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Chapter 1v
OQutput Data frea Thesis Prograna

Our next points of interest are the output data from the

progran and the use of this data in conducting analyses, The

data generated and stored by the thesis prograa was desiénqd .
to provide that inforzation needed for thesis dovélopment. In
order to serve other purposes or to ioprove on the accuracy of

senerated data, it night te well to alter any or all of the

following output data characteristics: type, quantity, nucer-
ical format, and deciral accuracy. Soz=e possible changes in

the output data will be discussed in the next chapter,

All output rroi this prograz 1is expressed in octal integ-
ers, This data fora was selected because it provided the best

adequate type of data expression to meet the needs of this

thesis,

The dsta print from each running of the prozran contalns

the following informatlon:

1. The input paramelric values antered on the console by

the program operator,

2., The number of detectlons, interceptions, and kills
by each set of 100 eneay subzarine trangita through

B N . L LR T

: generated
the barrier.

'
z 3, The mean and variance of the gezercted data for
3
‘ detections, interceptions, and kills for each set of )30
i
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gneny sutzarine transits through the barrier

5, The mean-of-zeans and varilance-of-means of the total

data generated during the running of the specified number of

saae uplts. Taese values are computed for detections, inter-
ceptions; and kills and represent that porticn of the data T |
: 1
froa each prozgram run which ls usable for analysis, %
‘ 3
. ‘:

AS was.mentloned before, the output data is expressed in
integers., Howaver, since the lntegers represent proportionate
parts of 100, they are imuedlately ex,ressable in urobabllity

terns, as follows:

P(D) = _number of detections
100
P(I) = _numter of intercentions
100
P(Ki = numter of kills :

120

The output data generated for the conditional probability4

of kill, P(K), are valid as probabilities for all barrier con- ‘
However, the data generated for P(D) and P(I) are E;

figurations, 1

only when the barrier being sinulated

valid as probabilities
When multiple

consists of a single line of barrier submarines,
are involved in the barrier simulation, a single tran-
ted more than

lines
siting suboarine zay bo detscted and intercep

once without being killed. Undsr certain parametric combina--

1 computer runs of the thesis program have regu-

aore than 100 detections’ per 100 trunsitn.
33
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Thls cannot occur ia the case of the 2(X) duia, sinca each
transiting sutzarine 1s eliaminated Iroz further gaze play as
soon as a «111 occurs. 1In order to obtain valild ¥(D) and P(1)
data in the case of multiple barrier lines, the a2ethods of
toth data storage and probability cczputation would have to
te altered, P(X) data was sufficlent for the purposes of this

txasils, and therefore no =odificaticn was zade in the prograa.

During the inltlal stages of thesis developzent, 1t was

believed that, for a given set of inpul parazeters, the var-

tation in generated output data tetween any two 100-transit
runs would be negligible, ‘hen the prograa had reacked an

operational stage of developaent, + was discovercd that the

: erference between extreme values of tne output probabllltles

could be expected-to vary by a value of about 0,10, . Thus, 1t

becaze evident that the data froz a single set of 100 transits

could only be consideré&was a sazple of size 1, This develop-

zent gave rise to the need for the statistical progran adden-

dum which 1s now an integral part of the prograam,

The remainder of this chapter will be devoted to exposi-

tion of three sample analyses conducted by use qt the thesis

program, Two of these analyses deconstrate ways in which the

thesis progran nay be used to conduct a paragetric analysis

of submarine dbarrier design. The other sazple analysis

11lustrates a xeans for selecting optizal sample size for

the output from & computer war game.

34
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Zarrier Sutzlarine Soced Canability

One of the ixnoriant paraczeters of sutrarine barrier
Jesizn 13 the speod capabllity of the tarrler suduacines thea-
celves., It would be desirable for the barrier sutoarlnes to

nave sufficient speed canability to perzit the= to intercept

"~ any target detected. This cannot be, however, since the

ability to intercept a target thst has been dotocted Just
tefore legvlns the tarrier zone would raquire an infinite

speed capadility on the part of the barrier sutzarine, 1In
addition to other consileratlons, a1zh sgeed capavility ina
sut:a;ine.ls very exgensive, 3ince available funds zust de
dls;rlbuted over =any elexzents 2f defense, it Lecones essentiai
that sozme optinal speed be deter=zined which will provice the
barrier suczarine with an acceptabie level of interception
ability and still represent a properly proportlionate expen=-

2iture of defense funds,

This particular analysis attexpts to look at the above
problea, At this point in the proceedings, & word of cautlon
should be injected with regard to this and the succeeding

analysis, 7This caution has to 4o with the effects of a3suap-

tibns inherent in the prograa on the validity of the output
data, A3 was stated in Chapter 11, the thesls prograa does

not simulate resl operational conditions in auny complete sense.

analysis conducted by use of this prograg, at

can onl, lead to conclu-

Therefore, any

ita present level of sophistication,

sions relating to Sroas aspects cf subnarine barrier design.

35
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No fine parazetric analysls should be atteapted with the thesls
prograa In 1ts present state of developzent. The data in the
succeedins analyses will be referred toA in definlte quanti-
tative terms, but the reader should tear carefully in zind

the statexcents nade adbove,

The output data acquired durieg this first analysis has
been converted to a graphlc display in Fisure 3 on ths follow-
ing page. Thilsa curve shows tina probabllity of kill versus
tarrior sutzarine speed and 1s terzed sianly a perforzance
curve, Zach polint on the graph represeats the output froa a
sinzle run of the prosraa, wherein the zean P(X) for 1,500
enemy subzarine transits was coaputed. Thus, the sraph pre-
sented in Flgure 3 portrays the output froa 15 prograz runs
of 1,500 transita each. The total running tize on the coa-
puter for this analysis was two hours. All input paraneters,
except the barrier subdzarine speed, wers held constant during
this analysis, =3Zarrier subzarine speed capability was varled,
in successive prograam runs, from 0 to 80 xnots, The selection
of uneven speed lncx-oxnent.s,' which are -ovident. on the graph,
was prompted by a pre-conseived notion thaf..thc lover speed
values would be most critical. m{pnconcepuon 'ia borne
out by the generated data. The. parazetric values used in thils

aralysis were as follows!

i M = ! barrier line R = 225 miles

I} = 50 miles " 3= 10 miles

; Zy = 500 miles ¥ = 30 knots

; Ny = 6 submsrines v=0, 1,2, 3, % 5, 10,

: 15, 20, 30, 40, S0, 60, 70, & €0

: knots,

| 36
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Relativo to these parazoter valuesa, suze general con-
clusions regarding tarrier sutmarine specd can be drawn fros

tho characteristics of a perforasnce curve such as that in

fizure 33

1. The slope of the curve is very steep %o aprroxicatel;

the point where V = 10 knots, Fri= thls point on, the slope

rapidly approaches zery as V approaches 30 xnots,

2, The value of 2(Z) at V = 5 s epproxizately one-

half 1ts value at Vv = €9,
3. AL V =0, ?P(%) = 0,08,

4, At ¥ = 3D, tha slope of the curve i3 "cloza2” to

zero. Also, the ratio of P(X) a2 7 = 32 %o P(X) at Vv = 89
equals approximately 0.34., The 2cfinitiion of “"close® taplied
by the foresgolng statezent is surely subjective, In a 'real-.
1ife" aralysis, this 1s the cort cf Zeflinition whica would

have to be established ty the executive for whom the analysis

was being conducted,

e are now in a position to state conclusions about

subzarine speed capability in ternms of those perforausnce

curve charactoristics; as stated previocusly, these conc;u-

sions are relative to the input parazeter values, 7he conclu-

sions discussed below are presented. to 11luatrate the use of

progran output in analysls, They are advanced as being

iogieal outgrowths of the above curve characteristics,

-
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a, Characteristic 1. Sarrier potentiai 1s zost
sensitlve to the speed capability of its cc=ponent subzarines
in the range froa O to 10 knots., In this range the rate of
increase or”potential is such that, at Vv = 1@, the barrier has
attalned T1% of its potential, 3y employ&;s & linear approx-
izatlion %o tﬁe curve over this rance, it 15 evident that the
rough rate-of-cain in potential is 0.071/xnot., 3y the saze
roush approxination, the rate-of-gain cver the remaining pors
tion of the sreed range is only 0.004/knot, Tho degree of
approxination reprasented by the atove procedure 1s so rough
trat the derived rates can oaly be u§éd to Zain a feeling for
tre zeneral bLehavior of tne submarlné speed perazeter over
its entire range. They cannot be used, for instance, as
Justification for cstablishzent of the optizal level of sud-

=arine specd at 10 knots,

b, Characteristic 2. The conclustion to b§ derived in
this section is really Just an extension ot‘the abo#e. How-
evor; 1t is quite interesting to note that atout one~-half of
the barrier potentlal, as a runcilon of submarine speed capa-
bility, is attained at the 5-knot level. By a linear approx-
imation similar to the abtove, the rate-of-gain in barrier
potential over this range is approximately 0.10/xnot.

c. Characteristic 3. Conclugions hereby derived are
related to tho barrier parazeter of weapon runse':ather than
submarine speed, Since the speed capabillt; of the barrier

suhzarines was fixed at O for the coaputer run which generated

9




this P(X), kills of tranaiting subzarines wore achievad only
when the target crossed the darrier within the wgapon range

of soze barriler gubaarlne. A logical extension of this conclu-
sion would tend to ind'cate that the ent;ro barrier potential
curve of Fizure 3 could be raised as soze function of increas-
ing weapon range. The existence and rature of this functional
relationship could be established by utilizing the autput frea
a series of coxzputer rmirng during which Sarrisr subrarine speed
wa3 varied over the ranse of this analysis, while weapon range
was allowed to vary over sozo anpropriate range, It should
also te noted hore thot the value of 3 used in this aralysis
has a positivo offect on the quantitative conclusians reached

under Cuarscieristics ! and 2 above,

d, Characterlictic 4, This characteristic is not one

which zay Lo estatlished by the analyst. It is incuzbent
upon the aexacutlve sponsorins the analysis to establish the
level of tarrldse subnarine speed at walch the aslope of the
curve 1is ”ciozo' to 0. Thy filxing of that point represents,
in the terus of this analysls, a cozprozise batwean accept-
able ¢afense potontial and the cost of achieving this
potential, An additional ;nalysll of tubu;rino cost as a
function Qr speod capability would greatly assist the executive
in =aking an offective decision. In terms of the 30-knot

levol solected under this curve characteristic, the executive

213ht reach his decision by the following reasoning processi

. At V =2 30, the barrier subcarine has reachsd 942 of

its potenzial,
' 40
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; 2, P(K) = 0,49 at this 9475 notontial level reprosents
an accepiable level of defanse,

3. The rate of saln of potentlal froa V=30 to V = & J

18 0,0006/4xnot (The linear approxization used 1s fairly good

over thls range of the curve),

5, The above rate of gain in potential, when coapared
‘with the incremental increase in submarine cost over this
speed range, does not ropresent efficient expenditure of

defense funds,

5. Therefore, the optizal level of subzarine speed

capability should be established at 30 knots.

Cholce Between Sinzle and Multivle 3Zarrier Lines

————

The result of this analysis is interesting. It indicates
that a zmore extensive investisation would be desirablo than
was possible within the scope of this thesls, The 1dea which
prompted this analyala involved an intultive feeling that opti-

mal geometric barrier design might be & function.of the detec-
. *  tion capability of its component subzarines, The 5ono§tl op~
‘ erational situation being simulated 1is one in which the

assigned task is to place a subza:ine barrier across a given

expanse of water, utilizing a given number of submarines,

: : . A
During this analysis,’ the total number of barrier
submarines and the length of the barriar front vorc held
constart, All other parazeters oxcopt delaction range u'ro

A
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: also invariant, 7Total computer running time for this analyals

was 4} hours, TFor each value of tho detection ranze, a coa-
puter run was . -1e fcr each of the three geosraphic btarrier
fornations illustrated in Figure &, The input parazetric

values used iz this analysis were as follows:

Genera)

L = 2,500 alles " %= 30 xnuts
3 = 10 2iles V¥ = 80 knots
R=11, 23, 46, 93, 186, 2719, & 372 miles,

3inzie Line

¥ = 1 barrier line Z: = 07 mtles

I = 3 miles Ny = 12 subzarines
Dyuble Line

% = 2 barrier lines 2y = 22 = 32 miles

Iy = 9 niles ¥y = ¥2 = 6 submarines

Iz = 200 alles

P A

Iriple Line
E M=D3 b.rrior lines %y = 23 = 23 = 511 niles
? \ I = I3 = 100 niles % =N =¥3 = 4 submarinec
! .
3 Iz = 356 milea
3
!
!
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Doudle Line

l
8

8
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Triple Line
Flgure 4

The output data froa twenty-one of the above-described
computer runs is displayed graphically in Figure 5 on the
folloving page. The variable parameter in this an;lysls,

R, was combined with N and L to form a new parameter, Q,
where Q = 2&3/&. The paranmeter Q provides an expression of
that relative dotoct;on coverage along the barrier front
which 1s provided by the barrier submarines. For Q = 1, the
aggregate detection coverage of the barrier submarines is

exactly equal to the length of the specified barrier front.

. . . .
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There are three characteristics of the curves plotied

in Figure 5 which are vertinent;

1, ;Thg 3lopes of the three curves are essentially

the sanme hp to a point just short of R=1.

2., For Q D, the rate of decrease in slope of the
curve for the single barrier lire is much greater than the

decrease 1in slope for the cther iwo curves,

3. The P(X) function for the triple barrier lire is
greater than that for the double barrier line througheut

their entire ranges,

The numbei cf sazple points cbtaired during this anaiysis

1s too small to provida for accurate surve fitting end, as a

Tesult, for exact definition of the critical points of the

curves in Figure 5, However, within the accuracy limits of
the data, at least two conclusions would seem to be valid,
Comments and conclusiéna with respect to the above curve

characteriatics are set forth below:

a, Characteristic 1, The defense potentlals of single,
double, and triple barrier lines are essentlally equal to
approximately the point where Q = 1, ‘The thesis program pro-
vides for no indicaticn of multiple detections of a single
target by the subxzarines of any on; barrier line. Given an
aﬁoﬁu&to detection range, 1t is likely that xore than one aub-
marine in a aingle barrier line wouid datect that same target.

45
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In view of thia, 1t would seea idvantaseous to raintsin a

single tarrier line up to the point whore Q = 1, to provide

for soze overlap in detection areas,

b, Charpcterisaty

2 2. fne sharp diver jence botweon
the curve for the sin3le barrier line and Shose for the
double an! triple lines stron3ziy tndicates the use of mul-
tiple barrier lires in cases where 2 >'. This 1s a cost |
interesting outcome, Intuition dces not lead one to this
conclusion, since the individual sutzarine has a much larger

zone to cover in the zultiple tarrier 1in=s and the value of

3 for the individuai iine drops radically.

c. Characteristic %, Because of the szall nusber of

sazple points telien fer these zurves tne comp;r:txvely large
variances (02,0022 tc D 0032) f{cr some of the points, and the
proxizity of sauple points fcr the twe curves, little signi-
ficance can te attached to the fast that one curve doairnates
another throuzhout its range. This feature woﬁld be a worthy

subject for further investigaticn.

Qotial Run Samvle 3lze

Aas get forth in Chapter III, a run of the computer pro-
graa which generates an element of cutlput data i{g composed of
three parta., A single play of the éamo 13 a single enemy sub-
Barine transit thrcugh the bﬁrrler; a game unit 1s conpoaod of
100 such transits; and a sin3le data run may ﬁo composad of

any 51ven'number of game unita. cConputer ruins conductaed for

46
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the analyses of this thesis contained 15 gamc units (1,500

transits),

The objéctlve of this anxlysis was to deterine the
optimal number of gamcrunlts.whlch weuld preovide outputl data
with acceptable acruracy a% 2 mininuz o3t in esmpuler run-
ning tize, This znalysls is by nc mceans as extensive as 1t
should be for a complete deternmiraticn of output datz accuracy.

In order %to do the latter, wush additicnal cutput {rom the

(6N

v

computer program would be requir~d, znd some attemnt should
te made te deterainc the dictrivuticn of the oulputb
cutput distribution shcuid e invesziigated with recpect 1o
the random number gencrator: in the progran. J3uch °n anati-

ysis 13 beyond the ccepe of thls tacsis.

gace units was varied ocn each run, The dzta obtalined during

that sequence appears in Tabie  ¢n the fol

‘-l
o]
%
F=
fo
(V2
e}
W
44
®

The following features are to be noted 1n connection

with the data in Table 1:

1. The mean of P(D) rapidly settles on a constant
value, and its varlance undergoes a slow, steady lincrease

over the entire sequence.

1

2. Over the scquence of the first/four sanple sizes,
the means of P(I) and P(X) tend to settle down to a constant

value, and thelr variances decrease monotonically througnhout
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the =sequence.

a

3. For sample slzes of 25 and £C, tcih the ienas and
varlances of P(I) and P(X) increacse from the level reuche
a2t sample size 20,

Ontimay 32zinle Zine Data
Sumber of 2(D) P(I)
Gazme Units P(D) Variznce P(I} Variance P(X) ¥ar:
< 0.93 0.2CC3 .57 0.2061 0.48 ©
10 0,92 0.0C05 C.5% T.203% 0.42 0.
15 0.92 0.000¢ 0.85 C.Q33% 2,47 C
20 0.92 0.0202 0.8% c.oC27 2.7 T
25 0.92 0.0007 0.57 2.003% 0,42 o]
€0 0.92 0.0002 0.5¢E C.0031 C.t9 o

Feature 1 1s to te expected Irox

witn .o

-

thile program, thouz

.violates the intuitive feeiing that variance should derre

942

~sed sampis S.es. LY*onaive experience !» running

this program has indicated that the large majority of game-

unit outputs of P(D) group closely sbout the mean value, but

occasional output values may deviate from the mean by as much

as 0,10,

wWith the larger sample sizes, zmore cf these large-

deviate values show'up, and there 1s a slow, largely insignif-

icant, tendency for the variance to 1increase,

Feature 2 1llustrates those statlshtical characteristlcs

48
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of output data which wouid be expected with increasing samplc
slze, The selectllon cf szaple s2zz for the twe precoding
analyses was based ¢z thals pertion

at the objective of obtaining accezizbiy rellacle datz with

‘minioun running time corn B2 semputer,  The problex raduced to

a gelection between sacple sizeg of 5 znd 20 Zoth o these
nad the saze mean and their arizunses wera <onparatie.
ultinate selection of sazmpie 5ice 5 wis 2322 ©n colpulier

runnirg tiie, A gocd eztimate ¢f running iime {or any siven
set of input data is 4 socends per Larrier sutzarine per gate

unit. A 12 submarine karrisr {zs 1n ¢ne of the abive zriplc

Sample size 15 was selected. sincte it wag ilnsredy rcssidle Lo

complete 4 runs dﬁring 2 ro;malhcne nour computer teriod.
Feature 3 represents a scme»nat I1siurblng trend, Tne
means chould not reverse their direciion of modlilicatlon, 2nd
the variances shzculd net :increase. witlh increasing samnle size.,
It 1s felt that the cause ¢f thicg +<endency 18 procably simllar
to that expressed in the discussion of Featurs 1, A complete
analysis of this result weculd require extensive investligation
of the random number genecrators in *nhe program, and tioe was

not available for such a projest in ccnnection with this

thesis,

The material presented to this polnt pretty ell covers

th~ objective of this thesis: 1o pressent snd exexnplify the
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use of a coxputer war gazze in condu

9]
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51

ametric anclryees
of submarine rarrier dcsi?n‘ Howevzr, the author, at least
i3 convinced of the btasic worth and uiiliity of the b .sis
nrogran, :Tt is hoped that this pro
thércor, may ce used in the future for conducting a detatled
analysis of varrler parozeters, Therefore; the followlng
chapter 1s being added tc ccver the tasiz Uuillity potenticl
of tne thesis progran ard scze of tre zore important areas

in which 1t could te improvéd.
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Chanter V

Computer Prosram Utility and Imorovements

The computer war gane developed for this thesis has, in
1ts present form, cseveral limitations which tend to preclude
its use as a definitive source of data for the parametric
analysis of submarine barrier design., Icst of thes: iinmlta-

tions have elther been stated cr irnliiod previously. However.

A

nct 1mply thai valuable

~.

the existence of these iimitations doe:
information cannot be derived from the prczran in ite present
Vform. The thesls progran does provide & means for 1lluzinat-
ing 1grge-scale effects of parametric sensitivity, and 1t dces
this in an environzment in which the lLarge number of variables
virtually prohibité the attainzent of a ciosed, analytlc

golution to the problea,

Trne simulation techﬁiques énd cutzut data of this war
gane do provide‘sufficient accuracy for basic research in
barrier design, Relative sensitivity cf parameters can be
established, thereby isolating those arzas in which more

definitive analysis will tend to be fruitful, Within rougn

[

44mal valnos fov egme parameters can be established,

+o o
- ot r -

im}

The relative worth of vérious geographic'barrier forms can be
established. This woﬁld appear to be a major potentlel use

for the program, since the entry of various barrier forms can

be accomplished easily by the entry cf appropriate parametric
values on the computer console. Providing careful consideration

were given to the effects of inherent asswapticns, Lhe thesis
| 51 | BEST AVAILABLE COPY



program could be used to obtain an estimate of the expected
verformance of any pronssed, eoren-~rean barrier, The computer

space reserved for the geogsrapghic plot ¢f the submarine bar-

rier allows for a meximun front c¢f aporoexina

3
“-r oA

- —~ - -
ely 25,500 niles

rad

wihlcn 1s far in excess of that in any metential ceperatlonal

barrier,

vWhile these capabllities do previde a valuable source of
information, 1% would be desirabie to izprceve both the realis:

of the simulation and the accuracy ci the ountput data. Dolng

so would provide for a nouch nere defsnrtive doitermination of

ritical areas; more reliance £ouwid ty placed cn Une estrllich
ment of optlmal parametric valuses, ziliitionsi foztures of suv
mérine tarrier design could be inveatigated; and relatlivel
accurate testing of propesed operaticnat tarriers could bf

achieved,

3

The thesis program czn be wodifizi 1o achieve theze

v

ul

v
4. -

1

It was composed in mcdular form for this, and other, purgoues

most of the desirable elements cf pregraz scphistication can
oe accomplished by modificatlion of exist¢ng nocdules, The
remalnder of this chapter will be devoted ic 3 digcussicn cf
soxe of the mora critical areas in need c¢f modificatlion, wiih
brisf{ general descriptions of procedures by which greater
realism, uéility,,or accuacy could be incorporated into thne
progran, ﬁiscuaalou of uvhese critical arcas is precented

below under general area-identification neadings.
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2arrier Submarine Iniercention Tracyk

In the thesis program, the barrier zubzmart

5
(W]
{3
3
3
o
(9]
O
o]
]

siralned to move only on a track parailel <g o

whlle attempting an Interzepticn ¢f an eneoy czubzarine. The

2ffect of this conditicn on *re CUTZAU Interceziion 3ata 1s
to minixmlze intercention Prooabitivles.  The curro-c intarcena
tion output data representis-csonetling of a4 lower 11 oon that

walcn would be generated in a rrozram not Lnvelvin the inter-
ceptlon track constraint, This cCniltlon 2c2id te clininated
by modification of the mcdel contaived in Agmeniis 2 oarnd shie

additlon of one simple matremiticzii -cdel.

The model of Appendix 2 cculd Tz mcdifled zy 2 Lzonor-
ary addition of one new varamcier: Inzercestien T ok inzle,
In 1 h?nner similar to th2 current mcisl. T could L ooxnrossed
in terms of the old parameters and intorzesiios i ok zngla,
3y techniques of differentiiai cara:
with re pect to the interception :irack unzie, Tnis ~value
would then be used to determine tne abiiity of the -arrier

submarine to effect an interception,

There 18, howe.. -~ -1**** +-a]l probiwus, 3.nce the
barrier submarine would te alillowed Iwo-dizensicnal covement
under this new model, another mathenmallcal =oiel wauld be re-
quired to ensure that the bvarrier submarine 34idé noi leave its
assigned zone while maXkinz tﬁe interception. Zssentially,
thls model would only have to compute the Aistznce the bare
rier submarine could move {rox: its zane pesitian, clong the

-

N
-
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optimal 1nterception track, befeore reacning the boundry of

t3 assigred zone, The parateters required in this model are

[

o
0

follows: 1length and width of the sutmarine zoné; position
(normally-distributed gaze nosition) of the barrier submarine

s

within thea zone; and optimal intercepticn tracx angle

©

A - - ng
Dimensionalizy ¢f S:mulatio

Conversion of the thesls zre
to a three-dimensional simulation wcuid both increzce the
realisz of the output data ard orovids rnew [leilds for analy-

sis, Thne effect of environmentil zonltt'-~no ~o iotezticn

range could be incorporated in 2 thve . l.ocnsiinal progran.

The incorporation of three-i:izansionality would involve

e -~ r - . - - . ~ X
sajor crnznzes in the thesis procran Zomputer mencry sDacte i3

inadequate to allow the entry ci 2 zmecgraphical representaticn

of the sus=arine barrier simiiar te that now used, even 1if
confined to a two-dimensional plot. Therefore, a systea wculd
be required wherein the poésiticns and/cr movement of game
elements were expressed in tercos of 3-space ccordinates, The
boundries of detection zones would have to be expressed as
3_dimonsional mathematical modeis, ar” “'starres between gane
elements would have to be computed as distan.es betveen voints
in 3-space. The magnitude of effort involved in such a mod-

ification makes it an impracticabie undertaking for a solo

thesis,
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=vasic:a Tactlcs by Transitins Submarine

An assumption inherent in the vresent rprogram is that

the transltlns submarine has no knowledge of the exlstence of

the opposing barrier and takes no evaziv

[}

Wy
£

being fired upon. It goes without :z;

»
-’

(n

7Y

istic.

acy

icn, even afler

t this 1s unreal-

One simple method for eiiminatling a subsiantial portlilon

of this lack of realisam would he to ailew the transiting sub-

zarine to make one evasive change of course

line transit, This provision 15 rezscnad

assume that the transiting subzarine is cconitied to reachling

an objective on the other side of 1he darrie
to trensit each barrier line nidway GSelween

rier submarineg, A fairly sinpie mathezatllic
devised to compute the ccurse angle reguired I
1ting submarine to move frea its rositicn of
tion to a point m’'dway between the 1iwo barri
closest to the projected barrier transit poil

original track. In order to allcw for navig

r and will atleapt
two adjacent bar-

421 mcdel could be

initial detec-
er subzarines
nt on the target’s

ational and control

errors on the part of the transiting gubmarine, the actual

transit point along the barrier should then
the influence of a probablillity distribution

evasion track,

Counter-attack bv Transiting

be computed under

over tne coamputed

Subnmarine

The extant computer simulaticn vrovides

55
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of barrier cubnarines. Thais 15 2 £~

to the extent that 2 trans:t
fire defensively on opposing bary
of thls feature couid te accomplicncd Ty ihne use of
sizmilar to thoze in the thestis Trooran unon teint irillad
the barrier subzarine
cojputer plot for that nuszer cf

represent the tlme required ts ¢

Ciass?

(4]

L

>
)
Y
foe
rod
Hi
1%
1

|

the current - .oater

Tne realism of

lously desraded by the innercnt zzsumptisn

<

Ve
[
"
j W
t
y ?
m
O
™~
o
=5
e

submarines are fair game. ia:n
be ellminated by a fairly extsnszive, Ut

nodification to the precgras.

The first requircoent woulsd te

scheme for selection of *he 1yre : frieadiy cr unirierdiy) o7¢
transit for each vlay of the game. A two-elexzent cole weuld

have to be devised to define
One such possiciliIty 1s the use of a dcuble 1-bit extracticer

for a friendly transiter and .z singie 1-bit for an unfriendiy

transiter. The simplest, and {airiy reaiistic, scheme for

>~

deternining, during game piay, the cliassiiicallon

~
-
o
-
H
B
X!
O
@

pe

of the detecting submarine wcocuid be to provide for addiilcnal

-

input parameters which wenid express conditisnal probabiizities

of correct classification ¢n the part of the barrier subzarine

Yoo 156
- N v Ak

'™
5]
p
o

addition to the above functionzl ccasiderations, p
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would have to be made for storage of the followins data:
nunber of friendly transits, number c¢¢ unfriendly transits,

correct classifications in each cntesery, incorrect class-

ifications in each category, kills cf :oth friendly cnd

unfriendly units,

Decipal Accuracvy ¢ Cusrnut Data

In the thesis progran all cutputl =ean wvalues are rcunded

‘off to the nearest hundredth and all wvariances %o the nearest

~ten—thousandth xhie degree of verizn:ce acquracy is adequate

for the purpose of estab]isnino relative rellstiliity of outpus
data. However, the provision of cne z2321ticnal declilzal-dlace
of accuracy in the computed mean valu:zs would enable nore

accurate curve-fitting during analysis ¢f the cutput data,

Randon Norz=al De: 2 Zenerator -.

In thls area it would seex desirz®ie to change cur pre-..
vlous emnhasis and advocate a reductizr in the level of sinu-
latlon realisn 11 order to achieve anc=-her worth-wnilie goal.

The use of a computer routine to generate random noraal

| deviates, as 1s done in the thesis program, would seem to bo

a desirabdle procedure, However, this routine 1s used exten-
3ively 1in the program, and 1% consuzes an insrdinats znount
of the total running time for a glven sei of data, In a pro-
gram run which involves 1,500 transits through a berrier
consisting of 12 submarines, 19,500 random deviates are gen-

erated, and their generatlion takes abcul 80% of the '3-minute

57
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realisn,

S} -~ -
In the usual procram rwi, raniss deriztes are used to

distribute the btarrier submarines abous Lheir asstaned barrier

positions and Yo diziribulte the Sransit trac

dicular to the varrier line. 1% =z-oy weil be that some simnler
probablility distribution functicn (:riansular, for instance)

% - ~ 2 ) -
taese purzoses wnd sizultancousl;

H

would serve Jjust as weil fo

Y L S [ R Y Pl ) ay s - e [P
reduce the runninzg tize of the =rocraz &y an asurcclabla amouns.

It 15 also possitle that the nzrzal Cdeviale panerator
might be prograuzed in another woy whiica vaald involve less
coaputation time, 1In the current -rocrazn, deviztes are com-

- 4
nuted froz the folliowing forcula:

U

i
L ]
n
r
1
P
..
e
|
o
-0
t (4]
4]
”—
29
"
o 1)
~

4
[N
o
<
=
W
cr
Q
~h
[
[§]
2]
£
4

whera (a) U is a rondo

tion

(b) Xy and X2 are random numzers froa the unifora

distribution on fo,1}.

The 1n and cos terms in the above foraula are computed by

the use of infinite series, wherein nost of the time consump-

the

tion cccurs. Other computational schexzes nmight reduce

computing time to an acceptable level,

Thus, the simulatlon program of thils thesis hes several

bt
‘areas of potential improvement, In its present forz it can
58
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‘_‘minins expected perforcance
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still be a valuable instrument for analysis of the sensitivity
~ ‘of parameters in a submarine barrier, It also has other aliisd

1capab111ties, some of which were ccvered early in the chap‘ser,

| The saxple analyses conducted {Chapter IV) illustrate
the ability of this sort ef conputer war gane to illuminate
~sensitive areas in barrier design and previde a means of
: . optimizing the effectiverness of the subzarine barrier. It
idoee this'inke situation invoiving such a large number of
’ivariabloa that the attainzent cf 2los d_ inaiytic scluticns
‘18 virtually impossible. ? provides a =;st cm for deter-
[ ¢f 2 propcsed barrier;, thereby
'f: possibly providing a means c¢f deteciing and correcting large-
| eeele design faults prior t& the cperatlicnal use of the bar-.
1@? rler. All of these gblliities terd tc prczot2 the efficient
j expenditure of defenee fL‘*e. Zven more importantly, 1t can
‘ provme a peans of opt ‘miuns the isvel cf defense itself,
| within the constraints imposed by the availabllity of re-
sourcee and the level of extant or extrapc.ated technology.
Computer war games of this type are thus an essential tool of

modern Operations Research in handling the extreme complexily

of today's military problens.
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barrier line. Since the required prcjectlon 1s one =mzi<

.k

increased as a function of transit track angle, If &> 0.

;added 1s a function of the detecticn range and the traci engle.

Acoendix A

Zffective Dgtection Ranze Increasze Model

!
i
'l

| Vburing that part of the thesis Frosraz vwnich enters the
géographic varrier sizulation in coxputer memory, a segucnce
of 1-bi§s, equal te 2R 4 1 arnd centered on the cubzarine loca-
tion, 1s inserted in coaputer memory to 2imulate the barrier

subzarine and the prcjection of its detectlon arca on the

-

~.parallel to the transit track, the abcve eniry is only valid

in the case of a transit zade perpendicular to the Tarrier

1line. The lensth of the detection area projection must te

detection bits must te added to the right erd of the barrier

éimulatién entry for each submarine, if ¢<O;‘ the detection

bits must be added to the ieft end, The nuzber of bits to be

fbeiivaiion of the mathematical model used in the coaputer pro-

gran to determine the'magnitude of the effective increase in

detection range is set forth on the following page.
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Let Re = Ixtended detection rarze dus to &,
Re = Re(d ,R)

cos( D)

#
-

Re = R - R

Re = 3"«99!‘&" 3
cos(P)
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Avrendix R

Barrier Transit Point Model

The computer program selects transit starting pointa
“with a uniform probability distritu~icn over the total length
- of the barrier, Normal distributicn cf starting points about
4the'm1d-pointvof the barrier line may be elected by the use of
a Jump key on the cozputer censcie. In eiiher case; this
: starting point 1s on a "startirg 1ine” which is located geo-

_graphically ahead of the barrier.

VVThe‘péintAaiiwhlch the transiling subzarine will actuaily
: lbtoss>the barriéleiné 1s a function ¢ this starting point.
‘  ’tbé:d1stance bétﬁégn the "starting i:ne” and the barrier line,
and the t#ﬁnsit track angle. The derivation of the mathemat-
"1ca1 modei used in thé computer progran tc deterzine the bar-
| rlér transit point 1s set fcrth cn the following page. A
siﬁilar.pfocedure is used to estabiish transit points on
_e@dqeeding.barfier lines where a mujtiple~lined barrier .s

" econcerned,
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Distarnce

Distance ¢f barrter traret

point and projecticn ¢f

cf transiter =

of btarrier line,

Distance aicng barrier line be

point on the barrier line,

A”o;artxns_L:%q”*

- -
N \
£
v

.
|

[

starting point {roa

the left end of the starting line,

1t point froa left end

tween transit

transiter's starting

?P=58-~-1 )
= § tan(¢)
¢ =25 -8 tan(®;
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'gfinierceptins the target,

Appendix C

v
©

ic -
i n 5;_9_ I sCel

--v-*—-. o il

in the computer prcgram, detecizon or ncn-detection of
the @ransitins submaring 1s determinezd by 2xktracting 32 singile

91? position at the transit pecint on tha simulated gecgrerhic

-~ plot of the barrier. When a detecz%icn has cccurred, 1Y be-

comes necessary to knew the deteztion argie, -, in crder %o

7 determine whether or no% the barrier subdarine is capable of

i
f

3
At that stage of computer proz=eiinga wherein a detection

: has been established, the feilowing data nzas been generated
fand stored'. the pcaiticen of each barrier sudbzarine; the pcint

at which the target crosses the tarrier. 1he detecticn Tange,

and the transit track angle. Tre posivicns of 21l varrier

;éﬁbmarines and the transit peint are gsnerated and stored 1in
’ftarms of miles from the xeft erd ¢t ika barrier 1ine, Both

'Ttha distance and directicn c¢f ths transit rcint frcm the bar-

rier submarine is estabiished mathematrizally by subiracting

‘the barrier submarine position from the transit pcint The

difference thus determined ("c® on the fcilevwing pase) repre=
sents the diatance desired ard fhe sign of this difference
provides directional informat;cn, The devecticn angle cen be
computed as a functlon of the above data. Derivation of ths
mathematical moéel used in éhe computer prcgram for this

purpose.is set forth on the following rage.
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cos

. = cos=t (

R cos (é)

L sin(+>-) tan{ Q)

8+ =R [cos(@) + a1n(-5) ran(H )

) + sin(S)tan() = ¢/R

©) + fl - cos2(2)] raniP) = R

0032(-9-)] tan2(4) = 52)}12 -{23,R)coa(S) » co'sa(G}

2c/R = 2ran($) T - o2/R2 o tanp)] ¥

san2(P) s (2o, RIcoa(F) - c2/R2

» tan2( @)J cos?(®) - (22,R)ccs() » [caj'Re - tan?(’t‘)] =0

)

2 {1 + tan2(1))
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Once a detection ras been estabilzhed end the detection
angle determlined, the ccmputer prograr oust next determine
Qhethar of not the barrier subtmarine 18 <apadble of intercepti-
ing the target. This 2bility ¢ %ntercgpb 1s a functicn cof.
several varlables: cpeed c¢f 1= :;rgn‘i speed capabllié} of
the barrler subuarine, drtecticn angle, weapen range, and
transit track angle. 3y this s%ag® 1n %32 prograa, both 1he
detection and transit track 2537.-3 ha’e been cenpuilsd-and
stored, and values ¢f tu? repalning variables; wnioh were
entered on the conscie as inpul 43ta TaVve Teen strred for

reference,

The ability of the barrisr submarine to efiect an inter-

ception is determined in th2 ccopuiis prograd bty ccmparing the

2
o
b o
> *
-
=3
¥
(¢
cr
0
)
3]
Q
o

speed capabllity of the barrtsr 3ubmari
which 1s required to intercept the target. The derivation of
the mathematical model by Arich th-. 2reed requirezent 1s com-

puted is set forth on the follcwing rasges.



Let a = Dlatance between the point at which thre target is

detected and the point at which it crosses the barrier

.

line,

b= Distance between the lines of pto;q:tion‘on the barrier

1ine of (1) the transiting sudbmarire’s point of detec-
tion and (2) the point of intersection of the weapon-
range circle and the tangent (e) %o 1it.

¢ = Distance between the barrier suboarine and the point
_of intersection of the tangent line, e, and the
barrier line,

4 = Distance between thh transiter's detection point and
the point of intersection of ths detection angle ray
and the projection line from the tangent point on the

ST

£ o st b2 B AR
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WCApon range circie to ine varrier line,

e = Distance. parallel

the tangent ro:

]

i

to ihe *transit track,

cn the weapen

o)

anse

between

gircle and

the intersecticn of the tancgent 1ine with the

barrier i1ine,

In order that the bar-ier svbna

firing position; the fcilowing

e/Vr = /W or

e =a- B tan(¢)

R sin(6)/cos( ®)

®
i

e R sin(e) - B sin(P)
’ cos(®)

¢ = esih(d’) + (R = d)ces(-G)

- ) - P - i
r:né ce capable ¢f reaching a

cindition must e satisfiled:

Vr - We/e

4 = b/cos(¥) = B cosl P)/cos()

o =| R sin(L) - B ain(P) ]sln(@)w LR -
B cos(})

8 coa(P) COS{&)
cos{-g)

4) + R cos{)coald) -B cos?( P )

- R sin(-©)sin(d) - B 91-32 ({

c—_Recos(® - ¢) -8B
cos( P )

Qr:: w{R cos(> -4) - B]
'R sirn{©) - B sin{®)

coa(P)
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