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is en illugtration of the aee of digltal computers ez
control pnf simulntion devicee, we have mads a brief study of a
mdmplified version of the anti-submarine problsm. The objeciire of
his study has been to eetimnte the storage cooscity and compubing
time reculired in a diglsal machine and no serisue atvemps has o
made %o prhieve completoness or pccuracy. Examles are Zor th?
purposa of illustration only. Coding for the csontrol of & sur:
ship hag 'een worked out in eome detall and ths results extrip?
to the cnie of the submarine. Relative radar oositione of one 1
craft with respsct to each other surfece craft have been coaed urlng
a strolghtforward but vory inefficient method. The rader resultns |
heen axirepolated to tho asoner problem. Both the rader and scn
codes reprisent substantlally more computation than wonld probe
ba used in n large problem. Surface shins have been provided i
types of desth charges. Computing programe heve been esiimntel for
charges wiin pre-set depthe as well as charges with proximity-fuseas

L.bmarines in this particular exampl?s have been provided
with no errument and only with sonar for communication and infirmation
gathering w.en below the surface and with the added poesibilits of
radar data vhen on the aurface. .

btorsge capecilty and comuting gpeed are compnred vith
Whirlwind 1 digited computer, and 4t is shown that for the eimnl
problem gelented, the Widrlwind I computer 1s antirely adenquata
problem involving 10 ships, 5 submarines, interconnecting rade:
sonar data, :nd depth chargee in any numher up to 20 pre-sst uilte and
20 proximity-fuse wnite in the wator at one tine,

SIMUANY: In evaluating any sinulatian problem, 4t ia
imperative that tue lim‘tations of the particular forms of sirlation
are understood. ‘here ure very few linitatlions lmpoased on the
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glmalntion problem by a digitel computer excent thoes dictatad hy
the storage capacity of the mnchine znd the avallabls ?um-_mtin,.—_: wlime
For the purposes of this exampnle,, a C.sstro,‘;a'r is 11luvstrated
f in Fig. 1. The controle and indicaters in tha sketch represart the
only facilities available to the destroyer pereonnel. It will be noted
in Flg. 1 that controls are available for _rpdder pesitlon, propeller
r.p-m. and uapt{x‘ charge release and depth, setting. Indicators are
avallable for bearing, ship's epeed, radar dats, sonar data, letitude,
longitude, rudder poseition, and propeller r.p.ms As sot up in thig
example, no other features are avalleble in the destroyer, and
extension to computation of depth charge release point or for more
realiatic simulation of the destroyer or data presentation will require
addd tional computing program and computing time.

The submarine in thie example would have available the con=-
trols for gpeed, turn and climb angle and indicators for radar and
sonar informatlon.

In the following table storage is celoulapted in numbere of
\ reglstore of which there will be approximately 2000 in the Whirlwind I
computer. The table is a summary of the storage registers and computing
time for the different elemants teing similated. A computation tire of
20 microseconde for each control order is assumed, and the numericnl
values are cerlved from the programs and sketches toward the end of
this memorandum.

Program Storage Computing tima
Storege Data Heglsters for per
Razlgters Heglaters __ecch wnd®  ___uwnit

1. Ship Position 100 l 100 10 T2 | ntlldess

|
—
¢ "

- 3, Submarine Position / 100* ! 30 | { 12 4 nilly sec

' 3, Relatlve Radar T 3
Positions 40 10 . 1 D.54n milligec

4. HRelatlve Sonar
Positions 30 10 1.0n milliasec

5. Pre-set Depth z
Charge 20 100 6 +»3/ millisac

&

6., Proximity Depth i
Charge 260 100 8
750 350

L)

milld sec

In addition to the ship program which would be unsed fcr eubmerines also.

In addltlion to the radar progrem which would be used for sonaer eleo.
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It will be observed from the first line of the iable that
approxinately one hundred control orders are required for calculating
the X-poeltion, the Y-position, the bearimg, end the speed of a nhip,
and in sddition the correction of these contrcl ordsrs for computation
of the next ship. Data necessary in the ship computation will require
spproximately one hundred registers for coefficients, index numbers,
and a toble of sine and cosine values. The program and data storage
is required only once regardleas of the number of ships employed in
the problem,

In addition to program storage, each ship will require some
10 storage reglstars for storage of ship’s beering, spesd, X coordinate
(longitude), Y coordinate (latitude), turn rate, number of depth
charges remalning, demags, eto.

From the last entry of the first line, 2 milligeconde sre
required for calculating the preceding data about a single ship.

Submarine information in the gecond line has besn sstimated

to require ab~ut one hundred control orders in addition to those used
for shipa. A ship program would be used for finding X and ¥
coordinates of the snomarine. Additional orders would bs ussd for
calculating depth and for the necessary indexing orders. Additional
date storage of nbout 30 entries would bte required sach pubmarine
might require 12 storage reglsters for retalning ¥&art pltch, speed,
X coordinate, Y coordinate, depth, turn rate, pitch rate, and damnge.
Computing time 1s estimated at 4 milligeconds per submarine.

A Relative roder poeitions for this example has been sot up on
a rather inefficient basis. As programmed, it requires 40 control orders,
10 data storage regieters, no storage for each individusl ship since this
date is available in the shlp storage, and a computing time at esch shin
equal to 1/2 millisecond times the total number of ehipe. Sonar
information is estimated on a aimilar basis.

This control code 1g eatablighed on the basis that reder and
sonar scopes will write targets at random times and in random order and
will not sweep in the normal radisl fashion. Additional equipment would
be required for production of radial scops sWuep.

>

Computing programs for depfh charges include nutomatic
selection of any targets within range as well as calculation of damage
according to a tabvle of tabular entries.

Efoximlty and damage computation tale into account the
cylindrical shape of the submarine. Cealculation of pre-set depth charges
will require a program of about 220 entries, & table of data of 100

-
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entries, and a storage of 6 entrles for each depth charge whlch hes
been lannchad and which has not% yet explecded. An average computing

. time of 1/2 millisecond will be required for each depth charge which
1g atill sinking. More storamge for program snd subatantlally more
computing time is required for the proximity-fuse depth charge because
the firing locatlon cannot be predicted shead of time but muet be
continually examined for prgximity of a target.

The tabulati¢n indicates that 750 program orders would be
requlred and about data entrles. Setting up the problem, thersfore,
requires 1100 of the available 2000 storage reglsters. The remaining
storage registere are therefore avallable for storing the data of
individual ships, submarines, and depth charges.

The %eble below ehows the storage requirement snd computing
time for a tactical problem involving 10 ehips, 5 submarines, and, at
any one %time, 20 pre-~set depth charges, and 20 proximity depth charges
having the characteristice suwmnarized previously. If such a problem
were set up on the Whirlwind I computer which has a 16 binary digit
register length, all quantities would be used at this register length
except for latitude and longitude which will require more sensitivity and |
which would be calculated to 32 binary digits or approximately 10 decimal |

places.
Computing
Units Storage —linn
10 ships 100 20 milligeconde
6 submarines €0. 20 - "
20 pre-set depth charges 120 10 "
20 proximity depth charges 160 40 v
Radar - 50 "
Sonar - 125
Total 440 266 millieeconds
Program and Data 1100 -
Total B 1540 registors 0.26 second

=y V. 21) L T e—— -

It will bo seen from the tabulation that the proposed problem will
require 1540 storaze regleters of the avallablo 2000 and will require a
computation time of approximately 1/4 second. The mesesumption has been
made in this tabulation that depth charge positions will be calculated
at twice the frequency of ship esnd submarine positions. In other words,
tha poeltion of each shlp and submarine will be calculated each quarter
second and the position of each depth charge, oach 1/8 second, This
computation frequency le probably four timee as high as neceesary.

DETAILS QF COMPUTING PROGRAMS: Figure 2 illustrates the general

i
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procedurs in solving ths control and simulstion computation under con-
slderation. Beglnning at the point marked "atart", the new pousltion

of the first ship 1s computed, based oMab).a date regarding 1%ta
previous position and its speed and Leariag during the previous time
interval. After computation 1s complete for the first ship, the control
orders are indexed $¢ the position of the gecond ship and the name

progrem of computation is répeated for the second ship. Repetitions of
thie computing program are continued until all ships have been calculated,
after which a conditionsl program order trensfers the computing

operation to loop 2 for submarine position. New positions of all sub-
marines are likewlse caloulated, and the control ie shifted to the program
for radar relative locations in which each ship 1s positioned with respeot
to every other ahip and the proper data fed to a radar scope. Computation
of relative sonar positions sre then calculated and control 1s shifted

to the computing operations required for depth charge location,
evaluation, and danage computation. For the problem of 10 ghips and

6 submarines, this computing program requires nbout 1/4 second after which
control is raturned to the beginning and the entire cycle and all sub-
cycles are rspeated.

¥igure 2 has shown the overall spproach to the compuiation
problem with the major and firet minor cycles of computatiun shown. We
wlll now examine in more detail the computations indicated in the box
marked "Ship Position" and the loop 1 circuit. Figure 3 showe the steps
required in computing ship position. From the start order, we firast
calculate a new X (longitude) poeition for the ship, contimue %o a
Y (latituds) poeltion, then calculate a nev benring-and finally a new
ghip's speed. At this point, a cholce or comparison must be made by
means of a conditional program nrder to determine whether or not all ahip
poeitions have been calculated. If all positions have been calculated,
control is shifted to the submaring cycle. If all posltions have not been
cnlculated, the control ordere are jindexed to a new shlp leeabisa-nnd the
cycle mror another surface ship.

We can now congider in stlll more de%tall the exact computer
control operations required in esach of the boxoes indicated in Fig. 3.
Before doing this, a definition of flow diagram symbols and a dofinition
of computer control operations will be required. The following computer
control operatione taken from the Whirlwind I Computer 3lock Diagram
Report No. B-127 by Everett and Swain ere included. It is probabls that
Report R-127 must be studied before the remainder of this memorandum can
be effectively understood. A discussion to follow presumes an under-
standing of the baslc computer operatione and how they are handled.
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Yaccumlator" resglster of Arithmetic Hlement

"A-Raglater" of Arithmetic Element

"B-Raglster" of Arithmetic Element

Stornge Reglster x, where x is identifying number of the
gtorage register to be used in the computiagz oparation.

Degoription

cn

11 ]

Clear and add.

Add.

Clear and
Subtract-

Subtract.

Multiply and
round off.

Multiply and
hold full
product.

Divide.

Transfer to
Storage.

Shift right.

Me aning

Clear AC and add the contants
of reglater S(x) into it.

Add the contenta of reglster
S(x) to whatever 1z already
in AC.

Clear AC and subtract the
contents o reglster 5(x)
into 1t.

Subtrect the contents of
reglater S(x) from whatever
1s already in AC.

Kultiply the contents of
reglster S(x) by whatever
18 in AC and round off the
result to one reglster
length.

Multiply the contents of
reglster S(x) by whatever
18 in 47 but do not round off.

DMvide the contants of AC
by Whatever is 1n register
s(x).

Transfer the contents of
AC to register 5(x).

Shift ths contents of AC and

BR to the right the number of
digits designated by the numbe
in the reglater number sectlon

g [‘ ,f_mf the ordor,
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Oparation Code Designation Description Meaning
sl Shift left. Shift the contents of AC

and BR to the left the number
of digits deslgnated by the
number in the register
gection of the order,

Ll Subprogram Transfer the reglater
number S(x) to the progrem
counter.

op Conditional Tranefer the reglster number

Program S(x) to the progrsm counter
1f the nunber in AC is non-
negative.

td Tranafer digits. Transfer the left-hand 11

diglts in AC to the reglster
poeition section of the

) order 1n 5(x).
t Transfer Similar to ts except that the
oxternally. transfer 1s made to a

location external %o the
computer. These external
locations are ildentified by
reglster numbers as are
storage reglsters.

Flgure 4 1llustrates the gymbole to te used in the detailed flow
diegrang that Ifollow.

In Fig. 4a we have a symbol indicating that orders 1 and 2 have

been exscuted by the computer. In peneral the circle may be thought of
as repragenting the arithmetic element of the computer. In Mg, 4b 1s
shown a storage register as s rectangle with the register ldentification
number in brackets beaneath. Text in the box 1e descriptive of the quaniity
being storsd. Dotted lines extend %o and from storage boxes to aveld con-
fueslon with flow linas in the computations which are shown solid. TFigure 4c
shows a sywbol indicatlig %raneltion from one computing operation to the
next but without ‘ransfer of numericel quantities reeiding in the
arithmetic elenont. Double lines of iig. 4d likewise lead to the next
operation but ,ndicate that numerical walues of the previous computation
are carried over into the next cycle. The symbol for a conditional

K subprogram is ehown in Fig. 4e where a cholce in computing paths im
available. The choice of alternate output channels is made on the basia
of positive or negative numbers in the arithmetic element. The broken
linw of Fig. 4f is used where necessary to indicate the eource o a control

FESE AR [ eap e ey
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order. In this memorandum such irdication 1e neceesary only as a
result of the diglt tranefer order td where the computer generntes
148 own control orders. & transfer operation 1s shown in Flg. 4g wherse
operatione 1 and 2 tranefer a number from regleter 276 to the erithmetic
element and thence to reglster 47. Operations involving incoming arrowa
always take place before operatlone involving outgoing arrows. A more
complicnted operation ie eshown in Fig. 4h. A number resulting from the
previoue operation is pdded by order 1 to the number in reglster 49 and
the resulting cum 1g stored in reglster 88. 'The result of this com-
putation ia not used in the next operation ae indicated by the oingle
flow line leading from the operation circle. A stlll more compllocnted
sequence 1s 1llustreted in Fig. 41, lNumerical valums are not retazined
from the previous operation. ad represents a1 add order carrled cut by
operations 1 and 2 bringing the contents of raglsters 27 and 63 into the
arithnetic element end storing the result in reglater B0O. The sum
residing in the arithmetic slement after thie operation 1s used os the
basis of & conditional subprogram as represented by the triangls. A
negative number in the arithmetic element results in contlpuation of the
program through orders 4 and § while a positive number in the arithmetlc
vlement trensfere tho control to some other order, for exzample, 26. A
' td operation involving transfer of diglte such as might bte required in
interpolation 1s shown in ¥ig. 4). Ordere 1 and 2 add the contents of
roglsters 99 and 143 and transfer the laft-hand or reglater identificatlon
dlgits to register 4. In thie case the order constructed by cperation 3
1e used immediantely as operation 4, for extrazting a value from o series
of stored functions here referred to as a table or usines. The vaiue of
the sira is then carried over to the next operation.

Wpoure §5 is a detniled opsrastion-by-operation flow diosram for

the X-position computation indlaa%ed in the tship cycle calculation of
Mg. 3.

The following equations are solved %0 obtain the new X
coordinate for the ghip:

(5hip Speed)(Sinse of Mt@ in X direction

(Rate in X)(Solution time Interval.) = Increment in X-poeition

(X Increment) + (01d X-position) = new %-Poeltion
T 5 =z

The first twalve operatione are required for obtalning the sine of the

ship's angle. Operation 13 multiplien sine bearing by ship's
speed. Operatlon 14 multiplies thie quantity by the solution tine
] intervel to cbtain the increment in X-position., Operation 16 adds the

old X-poeition to obtaln the new X-position. Operations 16 and 17 trane
mit the new X-poeitlon to the storage and to the externsl indicator
at the destroyer control.

= ¢ i1 | il " A
r. Sigiaes S RV e
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Order numbers in the following tabulntlon zgree with thoae
on the flow diagram:

Order Number

1
2
3

o ww

11

13

Operation

Reglster Number
s(c) oca
200 ad
8 td
201 nd
10 td
12 Bl
M o8
101 s
M+1 nd
100 nr
101 m
s(c+1) nr
'] e
— s '-';_E"f" - ::_‘—_:3

Desoription

These orders combine
the ship's bearing
angle and the index
number to obtailn an
interpolution order
for the {iret ex-
traction from the
sine tabla.

Linear interpolation
ie used and the

resul ting order atarte
the second entry from
the sine table.

The increment in
bearing is stored for
interpolation between
sine tabls entries.

Two sntrias from Ghe
glne tabls are ex-
tracted; the firat
entry is stored and
the difference taken.

The difference is
multiplied by the
bearing increment.

The increment in sine
value is added to the
firest table entry,

resulting in the final
value of sine bearing.

Ship's speed 1s

multiplied by sine
bearing.

a* a
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Order Number liegl ster Number Operntion Description
14 269 mr X direction rate 1s
mltiplied by the tlme
elapsing Detwesn con~
gecutive asolutione of
ship®s position.
15 s(c+R2) ad The X-~position incromant
s added %o the old
Jeposltion.
16 S5(C+2) te Tio new X-position is
17 s(c) tx tranamittod to the

stovage reglster and to
the sxtornel ipdicator
at the dastroyer control.

A simllar computing program is followed for calculnting the
) 1(Lowgh¥ate )-position of the ship,

5 Fgure 6 1llustretes the gomputing flow di am for the
#  calculation of turn rate nnd m, of the ehip. B&‘fé of & 3hip 1s
calculated as a double exponential function in which tha ship ex'dbits an

exponentisl approach to the steady etate tury raqte and in which the tumn
rate is integrated to obtaln the muhlp's%"‘ The exponentlals

and integraticns are approximated by straight line segments of the surves.
The following equations are solved for turn rate and b&?

(TR]SS = DR [@ x spnetl)+(B x HPH)]

(), = (TR) | + (constant) [(TR)SS - {TR)J

Coanan Coenan
(iom-h&)l = (Mﬁg}o + (cons‘bzmt)(’m}l 0 : G,g.'h"";

i Sk Arhdi o)
ot it @t O e, et
The first equation defines the stendy state turn raie an a functicn of
spesd  and propeller PM, The second equation sets the now turn rote at
the oid turning rate plus a constant times the d:ifference betveen the
old rate end the steady state rate. Zquation three defines tin aswship's
Y ae the old plus o constant tines the new turni.g rate.

Haura [-ghows—ihe—Llousdmrrmmrfer—ihiroomratmbien—mand-eoTrescnig Lo

the arder faluledten—below
b
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Qrder Numbey: Register Number . eration Degeription
1 s(c+L) ca Theee orders stors the
2 261 mr product A times the
3 100 ta gpeed in regleter 100,
4 S(c)X ca We obtain the product B
6 263 mr times WPM,
6 100 ad The quentity A times

spoed is alded.

7 s(c+1)X mr Result of the previous
computation 4s multiplied
by rudder poaltion to
ovtaln steady state turn

rate.
8 S(C+4) o 9.4 turn rate ism subtrected.
. 9 263 mr Difference is multiplied by

oxponential constant to
give increment in turn

rate.
10 s5{C+4) ad 0ld turn rate is added to
11 s(C+4) ta obtudn rmow turn rste.
12 369 mr The new turn rate is

muluiplioed by the
solution tim- interval

3 factor to obtain bearing

; incrementi.
13 5(0) ed Bearing increment is added
14 s(c) ts to old bearing position to

obtain new ship‘e bearing.

Computation now proceeda to the calculation of ship's epeed.
Figure 7 shows the computation flow diagram for caleulating ship's speed and
also the comparieon necessary to determine if all ehip’s posltions hovs been
completed and the alteration orders necessary for indexing the ship
computation program to the next ship position. The representation for ship
speed has been taken as an exponentinl approach to its steady atate valus.
B The followingz equatlons have been assumed:
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Speedgg = C(HEM) ~ D(ebsolute Value of Torn Fate)(Speed)

Spoed, = “pead.o + (Constant) (Spoedss - Speedol

The followlng orders are required for calculation of epeed:

Opder MNumber Raglster Number Operation Description
1 g(C+1) ca These orders reult in the
2 S(C+4) nr storege of aquentity D
3 264 nr times turn rate times
4 100 ts spesd.
5 265 ca These orders result in
6 s(o)x mr the quantity C %times RFM.
7 100 m This subtract order
. produces the gteady eiate
speed time.
8 S(C+1) o Subtracte ths previous
ehip'e ampeed.
9 266 nr Multiplies by the
exponential constant
10 S(C+1) ad Result in new shipis
11 S(C+1) te speed.
= 12 267 ca These orders sdd to the
13 268 ad index localion of the
14 368 te ghip under conesideration

the difference or interval
in storage required to reach
the next ship storage
locntion. The new index is
1 stored in ship index reglste:
3&0

Wo next compars the new ship index number with the maxirmm
number of ships belng consldered to see if the computation has yet renched
the last ship in the serles.

: I TIL ;.,._t.a.‘-.- v—!%
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Order lNumber Ragister Number Operation Desgeription
15 269 sa Subtract maximun number
of ehipa.
16 271 ad Compare to see 1f number

in arithmetic element isa
poeltive or negative.

Alternate programs in the above comparison lead either %o the
gubmarine program, if all ghips have been considered, or back to the
beginning of the ship computation cycle after the required correction of
control ordere. If all ships have been considered, the ship index number
mist be reset to the first ship before continuing with the submarine
program. Thie is accomplighed in orders 17 end 18,

17 271 td This transfers firet

18 271 td ship index number from
reglster 270 to register

. number 2€8.

= Agouming now that the new locntion and bearing and spesd have not
been computed for all ships, we follow the other alternate leading %to a new
order sequence arbitrarily ochosen as heginning at 126. In the following
set of operations, the ship index number from reglster 268 i1s trans-
forred into the operation control orders for the previous eequence. Yor
example, referring back to the orders for calculating the X location of
the ship, the number S(C) muet be substituted into orders 1 and 17 end
into corresponding locations of the other control cycles.

126 268 ca Trensfers shlp index
number to arithmetlc
element.

127 to 133 td Tranefers numbers S(C) %o
control order location,
gucii aa ordors 1 and 17 1in
the program for X locatior

134 a7 ad Adde 1 to ahip index
number.

)
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Oxder Number Reglater Fumber Operation Degcriptlion

125 to 142 td Transfer numbsr to all
program orders requiring
8(C+1l) such a3 order 1.3
of X location progrem.

Orders 143, 146, end 149 index in a sinilar manner to the numberns
s(c+2), s(C+3) and s(C+4) end place these order mumbers in their propsr
register locatlions.

Order 154 is & subprogram command returning the machine sontrol
back to order 1 of the X-poeition cycle to etart with & new ship.

The previous diecuesions dispose of the ghip’s poslitlion and bearing
computation. Solution of the submarine problem would ve similar with extension
to the computation of depth. We will consider next the calculation of relative
radar positicn.

RADAR COMIUTATION: This computing program ie relatively lnefficient.
Ships &re selected one by one as local ships and the positions of 21l othere
caleulated with respect to the local ship for presentatlon on the radar Fri.
. In Flg. 8 loop 1 is traversed once for each remote shlp during the computation
of a particular radsr scope patte-n. Wwhen all remote ehips have bsen located,
loop 2 is traverced to index the computer to & nmew locel ghip for calculation
0of a second radar socpe pattern. Two comperison orders are indicated by
triangles, the first to determine 1f all remote chips bave been caloulated for
a particular PPI pettern and the second conditional program is used to
determine if all rPI patterns have been computed. After all patierns are
computed, the control ls traneferred to computatlion of soner patterns.
Figure 9 1s o detalled flow diagram for the radar and comtrol orders tabuleted

below:
. Order Number Regigrer Number Operation Degorintion
1 272 ca Establigh a control order
2 5 td meking possible extraction
of the remote ship
X-coordinate
3 273 ad The ship index number 1s
4 8 td increased by one glving a
control order for extraction
of the Y-coordinate.
) 5 X ca The differences in X~position
6 274 . su between remote and looel ships
? X deflection tx are caloulated and trane—

mitted to the scope

o ;I_Wflaotion sircultn.
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Order Namber

Register Number

8
9
10

11
12
p
14

16

16

17

BRE

(S

¥
5
¥ deflection

276
272

277

18

278
272

276
279
279

Operation

ca
g
tx

oa
td
tx

op

ca
te

o
-]

ep

D,

Deseription

Theee orderc obtaln X
axls deflaction volteges

These provids e icope write
order for the proper local
ghip.

The remots ship index is
increased to 2 now position.

This index 1s compared with
the maximom number of ships
in the problem.

4L cholce 1s made between
contimling with a new remote
ship at the eame locel posltioc
by contimiing at order 18 or
if all remote ghipe have been
completed, control 1s trans-
ferred to ths next locael ship
et order 19,

The remote ahlp index 1
returned to its starting
valus.

The local index is increassd
by omse.

The local index ip examined
to ses 1f all local scope
shlp patterns have been
computed, GControl 1s trans-
ferred to sonar beginning at
order 35 if local ships are

e | = ot
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Order }umber Reglster Number Cperation Degeription
36 276 o4 Locel ahip index is returnsd

to its beglnaing value.

If a new local ship is to be celoulated, control contimnues through
orders 26 and 27.

Order Number Reglpter Number Operation Desgri n

26 279 ca Orders are generated for
27 32 td extracting the X coordinate
of a new local ship.

28 273 ad Orders are gsnerated for
29 30 td extracting the T coordinate
30 Y ca of a new local ship.

31 276 ts YT coordinate of a local

ship is transferred to
reglster 276-

32 X ca The X coordinate of a new
33 2% te local ship 1s traneferred to
reglster 274.

4 1 sp This is & enbprogram order
returning control to order 1
at the beginning of the
radar computing cycls.

SONAR: Sonar computation would be dons in a manner similar to radar
vith suoh additions as necessary to give depth readings.

DEPTH CEARGES: Fig. 10 shows a solution cyole schematlo for
pre-set depth charges. This echematic is of the eame nature as ehown in
' ¥ig. 3 for calculation of ship position. Flge. 11 and 12 1lluetrate the
calculation cycle schematic for proximity firing depth charges. Control

JLA! D
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crders for the handling of depth chargee have nol been worked cut in deteil
Information 1g handled ia the followlng gensral manuer.

Conelder first the depth charge with pre-set firing depth, When a
dopth charge key in one of the destroyers is fired, the code mumber of the
destroyer and tle depth setting of the charge ere transferred Into the com-
puter. The comwputer, knowing the ship position, bearing and speed, and
knowing the depth setting of the charge can now compute the X and Y coordinates,
the depth, and the time at which exploelon will cccur., Thip erplosion tlme
is then cbserved at all smbsequent major cycles of the computation until

* exploelon time has ocourred.

At the timo of explosion each submarine le examined for position

to see 1f it le within the posslble regilon of damage. If a submerine 19

within the poselble reglon of demage, it is examined mors closely as %o

| bearing and ie treated as & cylinder in ghape to see 1f it is motuslly within
the damege zome. If no submarine is within the damage zons, the depth charge
is removed from the computer elorage. I1f damage cam occur the probabls
damage is observed in a table of velues and multiplied by a statistlcal
probabllity factor to arrive at actual damage. Demags 1s then added to the

damage regleter of the submarine and the depth charge ls removed from the
computation.

. Deptih chargea with proximity-fuges eare initiated in the same manner
as pre~eet charges. The computer initially calculates the time of flight
through air and the XY coordinatee and the time of ilupact o7 the water.

On mccessive computation cyclee, the computer observes impact time until

the depth charge reaches the water surface. At thle time an examination ir
XY coordinates i1s made to find if eny submarines sre close encugh thai thay
might poseioly reach the path of the ginking depth charge. If no submarines
are sufficliently close, the depth cherge is removed from the computatilon at
thie poirt. If possible gubmarines exiot in the area, their code numbers
are stored slong with the depth cherge data. At each mejJor cycle of the
computation, the new depth of the charge 1s calculated and its distance from
all submarires previonsly identified is observed. If a submarine lies within
the maximum detaction gphere, the true dletance and cylindrical shape of the
mbnarine are taken into socount to see if fuze operation can occur. If the
charge is within the detectlon range, damage ls calculated as before. If the
proximity controlled charge reaches a maximum specifled depth without belng
fired, 1t 1 sntomatically removed from the computation.

¥lgure Draving #igre Draviag

1 B-30977 7 B~30983
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3 A~30879 9 B-30985
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