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/.e an I l l u s t r a t i o n of the use of d i g i t a l computers as 
control nnd slinulntlon devices, we have mads a b r i e f study of a 
simplified version of the anti-submarine problsro. The objec t l re of 
t h i s etudy has been to estimate the storage capaci ty and computing 
time rer.u5.red In a d i g i t a l machine and no oerisus attempt has 
made to cchleve completeness or accuracy. Examples are i o r t i n 
purpose of I l l u s t r a t i o n only. Coding for the sontrol of a wart 
ship ha? '.een workod ou^ In some d e t a i l tuid tha r e s u l t s tx t r spo la ' 
to tha case of the submarine. Uelntive radar sos i t lons of onf 
c ra f t with respect to e;)Ch other surface c r a f t have been coned uolng 
a straightforward but very Inef f ic ien t method. The radar r e su l tn hava 
been extrapolated to th.» sonar problem, itoth the radar and sc iar 
codes represent subs tan t ia l ly more computation than would probably 
bs used in n l a rge problem. Surface ships have been provided Ath two 
types of depth charges. Computing programc hetre been esl lrontel for 
charges wH'a p ro - se t depths as well as charges with proximity-fuses 

Submarines in t h i s p a r t i c u l a r sxnmpla have been provided 
with no PXT wnent nnd onj.y with sonar for communication and information 
gather ing v.en below tho surface and with the added p o s s i b i l i t y of 
radar data then on the air face,, 

Storage capacity and computing speed are compared vdth the 
Whirlwind I d i g i t a l cornimter, and i t i s shown that for the simplified 
problem selcr.tod, the Whirlwind I computer I s an t l r e ly adequate for e. 
problem involving 10 3hips, 5 submarines, in terconnect ing rads? and 
sonar data, Mkl depth cliarges In any number up to 20 pre^set u i l*e and 
20 proxlmlty-fuse un i t s In the water a t one t i n e . 

SUMHA-flf: In evaluating any slnulatiDn problem. I t I s 
Imperative that tao l imi t a t ions of the p a r t i c u l a r forms of slrv.ilaUou 
are understood. here are vary few l i m i t a t i o n s Impojed on the 
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simulation problem by a d ig i ta l computer except those dictated by 
the storage capacity of the machine and the available computing ulinec 

. ... ^ 
for the purposes of t h i s example,. a destroyer Is I l lustrated 

In J i g . 1. 'i'he controls and Indicators In t h i s sketch represent the 
only f a c i l i t i e s available to the destroyer personnel. It wi l l be noted 
In Jflg. 1 that controls are available forjjudder posit ion, propeller 
r.p.m. and uepth charge release and depth^settlng. Indicators or* 
available for bboringi ship's speed, radar data, sonar data, lat i tude, 
longitude, rudder pos i t ion, and propeller r0p<.Ei. As sot up In th i s 
example, no other features are available In the destroyer, and 
extension to computation of depth charge release point or for more 
r e a l i s t i c simulation of the destroyer or data presentation wi l l require 
additional computing program and oomputlng time. 

The submarine In th i s example would have available the con­
tro l s for speed, turn and climb angle and Indicators for radar and 
sonar Information. 

ID the following table storage Is calculated In numbers of 
A registers, of which there w i l l be approximately 3000 In tha \fhlrlwlnd X 

computer. The table I s a summary of the storage registers and computing 
time for the different elements being simulated. A computation t i re of 
20 microseconds for each control order I s assumed, and the numerical 
ralues are derived from the programs and sketches toward the end of 
th i s memorandum. 

1. 

2. 

Program 
Storage 

iiasl&text 
Ship Fosltion 100 

Submarine Posit ion 

3. Relative Radar 
Positions 

4. Relative Sonar 
Posit ions 

5. Pre-set Depth 
Charge 

6. Proximity Depth 
Charge 

Storage Computing tlnvs 
Data Registers for p er 

B M U t m _e_fich un},t on.lt 

750 350 

* In addition to the ehlp program whloh would be used fcr submarines also , 

*• In addition to the radar program which would be used for sonar also . 

r r i** 3 
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I t wi l l be observed from the f i r s t l ine of the table that 
approximately one hundred control orders are required for calculating 
the X-posltlon, the Y-posltion, the bearing, Mid the speed of a nhlp, 
and In addition the correction of these control orders for computation 
of the next ship. Data necessary In the ship computation wi l l require 
approximately one hundrsd registers for coeff ic ients , Index numbers, 
and a table of sine and cosine values. The program and data ctorsge 
i s required only once regardless of the number of ships employed in 
the problem, . y ^ 

In addition to program storage, each ship wi l l require some 
10 storage registers for storage of ship's henrlac, spned, X coordinate 
(longitude), T coordinate ( lat i tude) , turn rate, number of depth 
charges remaining, damage, e t c 

Jrom the las t entry of the f i r s t l ine , 2 milliseconds art 
required for calculating the preceding data about a single ship. 

Submarine Information in the second l ine has been estimated 
to require aVut one hundred control orders In addition to those used 
for ships. A ship program would be used for finding X and T 
coordinates of the submarine. Additional orders would ba ueod for 
calculating depth and for the neoessary Indexing orders. Additional 
data storage of about 30 entries would be required, atjd^sach submarine 
might require 12 storage registers for retaining feoarinigt p i tch, speed, 
X coordinate, Y coordinate, depth, turn rate, p i tch rate, and damage.. 
Computing time Is estimated at 4 milliseconds per submarine, 

A*olutlv3 radar position* for th i s example has been aot up on 
a rather Inefficient bas is . As programmed, it requires 40 control orders, 
10 data storage registers, no storage for each individual ship since t h i s 
data i s available in the ship storage, and a computing time at each ship 
equal to 1/2 millisecond times the total number of ships. Sonar 
information i s estimated on a similar basis . 

This control oode i s established on the basis that radar and 
sonar scopes wi l l write targets at random tlmtis and in random order and 
will not sweep In the normal radial fashion. Additional equipment would 
be required for production of radial scope sweep. 

*> 
Computing programs for depth charges Include automatic 

selection of any targets within range as well as calculation of damage 
according to a table of tabular entr ies . 

Proximity and damage computation taV:e into account the 
cylindrical shnpe of the submarine. Calculation of pre-set depth charges 
wi l l require a program of about 220 entries , a table of data of 100 

• 
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entr ies , and a storage of 6 entries for each depth charge which has 
been launched and which has not yet exploded. An average computing 
time of l / 2 ml l l i second w i l l he required for each depth charge which 
l a s t i l l sinking. More storage for program and substantially more 
computing tlmo i s required for the proximity-fuse depth charge because 
the f i r ing location cannot be predloted ahead of time but must be 
continually examined for proximity of a t a r g e t ^ >r prox 

The tabulation Indicates that 750 program orders would be 
required and about 350*data entr ies . Setting up the problem, therefore, 
requires 1100 of the available 2000 storage reg i s ters . The remaining 
storage reg i s ters are therefore available for storing the data of 
individual ships, submarines, and depth charges. 

The table below ehowa the storage requirement £nd computing 
time for a tac t i ca l problem involving 10 ships, 5 submarines, and, at 
any one time, 20 pre-set depth ohargee, and 20 proximity depth charges 
having the characterist ics summarized previously. I f such a problem 
were set up on the Whirlwind I computer which lias a 16 binary d ig i t 
register length, a l l quantit ies would be used at th i s register length 
except for lat i tude and longitude which w i l l require more sens i t iv i ty and 
which would be calculated to 32 binary d i g i t s or approximately 10 doclmal 
p laces . 

Units 

10 ships 
5 submarines 

20 pre-set depth charges 
20 proximity depth charges 
Radar 
Sonar 

Total 
Program and Data 

Total 

I t w i l l ho seen from the tabulation that the proposed problem wi l l 
require 1540 storage reg i s t ers of the availabln 2000 and wi l l require a 
computation time of approximately 1/4 second. The assumption has been 
made in t h i s tabulation that depth charge posi t ions wi l l be calculated 
at twice the frequency of ship and submarine pos i t ions . In other words, 
thj pos i t ion of each ship and submarine wil l bo calculated each quarter 
second and the posit ion of each depth charge, ouch l / 8 second. This 

Computing 
Storage . .Tliufl 

100 20 milliseconds 
60. 20 - " 

120 10 " 
160 40 " 

- £0 • 
- 125 " 

440 265 milliseconds 
UOO^ B 
1540 reg'„ stars 0.26 second 

computation frequency I s probably four times an high as necessary. 
_^ 

DETAILS Og COMPUTING PROGRAMS; Figure 2 Illustrates the general 

jw'W} 
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procedure in solving the control and simulation computation under con­
sideration. Beginning at the point marked "start", the new posit ion 
of the f i r s t ship I s computed,based on avaj^able data regarding I t s 
previous posit ion and I t s speed and 'bearing during the previous t ine 
Interval. After computation Is complete for the f i r s t ship, the control 
orders are .Indexed te the pos i t ion of the second ship and. the name 
program of computation Is repeated for the second ship. Repetitions of 
t h i s computing program are continued unt i l a l l ships have teen calculated, 
after which a conditional program order transfers the computing 
operation to loop 3 for submarine pos i t ion. Mow posit ions of a l l sub­
marines are l ikewise oaloulated, and the control l e shifted to the program 
for radar re lat ive locations In which each ship Is positioned with respeot 
to every other ship and the proper data fed to a radar scope. Computation 
of re lat ive sonar posit ions are then calculated and control i s shifted 
to the computing operations required for depth charge location, 
evaluation, and damage computation. For the problem of 10 ships and 
5 submarines, t h i s computing program requires about 1/4 eecond after which 
control i s returned to the beginning and the entire cycle and a l l sub-
cycles are repeated. 

Figure 3 has shown the overall approach to the computation 
problem with the major and f i r s t minor cycles of computation shown. We 
wi l l now examine in more de ta i l the computations indicated in the box 
marked "Ship Position" and the loop 1 c i rcu i t . Figure 3 shows the steps 
required In computing ship pos i t ion . From the start order, we f i r s t 
calculate a new X (longitude) pos i t ion for thp shjji, continue to a 
t ( lat i tude) pos i t ion, then calculate a new bearing -and f ina l ly a new 
ship's speed. At th i s point , a choice or comparison must be made by 
means of a conditional program order to determine whether or not a l l ship 
posit ions have been calculated. If a l l pos i t ions have been calculated, 
control i s shifted to the submarine cycle . I f a l l posit ions have not been 
oaloulated, the control orders are indexed to a new ship lnont^nn ,-uid the 
cycle eomplpted.for another surface ship. 

We can now consider In s t i l l more deta i l the exact computer 
control operations required in each of the boxes indicated in Fig. 3 . 
Before doing t h i s , a def init ion of flow diagram symbols and a def init ion 
of computer control operations w i l l be required. The following, computer 
control operations taken from the Whirlwind I Computer Block Diagram 
Report No. H-127 by Sverett and Swain are included. I t i s probable that 
Report K--127 must be studied before the remainder of t h i s memorandum can 
be ef fect ive ly understood. A discussion to follow presumes an under­
standing of the basic computer operations and how they are handled. 

ASSIFL 
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Symbola 

AC 

AR 

BR 

S(x) 

•"Accumulator" register of Arithmetic Element 

"A-Raglater" of Arithmetic Element 

"B-Raglatar" of Arithmetic Element 

Storage Register x, where x It Identifying number of the 
storage register to be used In the computing operation. 

Operation Code Designation Description 

cr. Clear end add. 

oe 

dT 

ts 

er 

Add. 

Clear and 
Subtract* 

Subtract. 

Multiply and 
round off. 

Multiply and 
hold full 
product. 

Divide. 

Transfer to 
Storage. 

Shift right, 

-
!CLA S. v i .0 

Meaning 

Clear AC and add the contents 
of register S(x) into it. 

Add the contents of register 
s(x) to whatever It already 

m AC. 
Clear AC and subtract the 
contents of register S(x) 
Into lto 

Subtract the contents of 
register S(x) from whatever 
Is already in AC. 

Multiply the contents of 
register S(x) by whatever 
Is In AC and round off the 
result to one register 
length. 

Multiply tne contents of 
register S(x) by whatever 
la in AO but do not round off. 

Divide the contents of AC 
by Whatever Is in register 
S(x). 

Transfer the contents of 
AC to register 3(x). 

Shift the contents of AC and 
BR to the right the number of 
digits designated by the number-
in the register number section 
f the order. 
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Operation Code Designation Description 

•1 Shift l e f t . 

Subprogram 

td 

tx 

Conditional 
Program 

Transfer digits. 

Transfer 
externally. 

Meaning 

Shift the contents of AC 
and BR to the l e f t the number 
of d ig i t* designated "by the 
number In the register 
section of the order,, 

Transfer the register 
number S(x) to the program 
counter. 

Transfer the regl«ter number 
S(x) to the program counter 
I f the number In Ad i s non-
negative.. 

Transfer the left-hand 11 
d ig i t s in AC to the reg is ter 
posit ion section of the 
order in S(x)<, 

Similar to t s except that the 
transfer i s made to a 
location external to the 
computer. These external 
locations are identi f ied by 
register numbers ao are 
storage reg is ters . 

Figure 4 I l lus tra tes the symbols to be used in the detai led flow 
diagrams that follow. 

In Fig. 4a we have a symbol indicating that orders 1 and 8 have 
been executed by the computer. In general the c i rc le may be thought of 
as representing the arithmetic element of the computer. In Tig, 4b i s 
shown a storage register as a rectangle with the register ident i f icat ion 
number in brackets beneath. Text l;i the box i s descriptive of the quantity 
being stored, Dotted l ine s extend to and from storage boxes to avoid con­
fusion with flow Unas in the computations which are shown sol id, Figure 4c 
shows a symbol lr.dlcatl; % transit ion from one computing operation to the 
next but without ' ^ansfer of numerical quantities residing In the 
arithmetic e l e ivnt . Double l i n e s of Fig. 4d likewise lead to the next 
operation but indicate that numerloal values of the previous computation 
are carried over Into the next cyc le . The symbol for a conditional 
subprogram i s shown in Flg„ 4e where a choice in computing paths Is 
available. The choice of alternate output channels i s made on the bas is 
of pos i t ive or negative numbers in the arithmetic element. The broken 
l lmj of Fig. 4f i s used where necessary to Indicate the source of a control 

••• w • • " 
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order. In t h i s memorandum such Indication la necoeoary only as a 
result of She d ig i t transfer order td where the computer generates 
i t s own control orders. A transfer operation I s shown i n f i g . 4g where 
operations 1 and 2 transfer a number fron register 1376 to the arithmetic 
element aid thence to ref^ster 47. Operations Involving Incoming arrows 
always take place before operations Involving outgoing arrows, A more 
complicated operation I s ehown In Fig, 4h. A number result ing from the 
previous operation Is added by order 1 to the number In refilster 49 and 
the resulting sum I s stored In regis ter 88. The result of th i s com­
putation Is not used In the next operation as Indicated by the single 
flow l ine leading from the operation c i r c l e . A s t i l l more complicated 
sequence I s I l lustrated In f i g . 41. Numerical values are not retained 
from the previous operation, ad represents ai add order oarrled out by 
operations 1 and 2 bringing the contents of reg is ters 27 and 63 into the 
arithmetic element end storing the result In register 80. The sum 
residing in the arithmetic element after t h i s operation I s used GO the 
bas i s of a conditional subprogram as represented by the tr iangle . A 
negative number In the arithmetic element resu l t s In continuation of the 
program through orders 4 and 5 while a pos i t i ve number i n the arithmetic 
element transfers tho control to ocrae other order, for example, 28. A 
td operation Involving transfer of d i g i t s eush as Might be required in 
interpolation i s shown In i'lg. 4J„ Orders 1 and 2 add the contents of 
registers 99 and 143 and transfer the left-hand or reg is ter ident i f icat ion 
d i g i t s to register 4. In th i s case the order constructed by operation 3 
Is used immediately as operation 4, for extracting a value from e ser ies 
of atorod functions here referred to as a table of dnoru The velue of 
the sine i s then carried over to the next operation. 

Figure 5 i s a d e t a i l ^ operatlon-by-oper«tion flow dlagrcm for 
the X-position computation indented In the ship cycle calculation of 
Pig. 3„ 

The following equations are solved to obtain the new X 
coordinate for the ship; Q 

(Ship bpeed)(sine of *enr1npj • Hate in X direct ion 

(Hate in X) (Solution time Interval) • Increment in X-posltlon 

(X Increment) +• (Old X-posltlon) • new X-Foeltlon 

The flrs^twgj-ve operations are required for obtaining the sine of the 
ship's h w + g g angle. Operation 13 multiplied sine bearing by ship's 
speed. Operation 14 multiplies thle quantity by the solution time 
Interval to obtain the increment in X-poslt lon. Operation 15 adds the 
old X-posltion to obtain the new X-posltion. Operations 16 and 17 trans­
mit the new X-positlon to the storage and to the external indicator 
at the destroyer control . 

k M * 
^LAS 
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Order numbers In the following tabulation egree with those 
on the flow diagram; 

Order Number Register Number Operation Moecriptlon 

1 S(C) oa Thoae orders combine 
2 300 ad the ship" s bearing 
3 8 td angle and the Index 

number to obtain an 
Interpolation order 
for the f i r s t ex­
traction from the 
sine table* 

4 201 •A Linear interpolation 
5 10 M i s used and the 

resulting order starts 
the second entry from 
the sine tableo 

6 12 •1 The Increment In 
bearing 13 stored for 

. •fc interpolation between 
"7 sine tabls entries . 

8 M a* Two entries from the 
9 101 t . sine tnble are ex-
10 M+l tractod; the first 

entry Is stored and 
the difference taken.. 

11 

13 

13 

100 

101 

S(C+1) 

rir The difference Is 
multiplied by the 
bearing increments 

in The Increment in sine 
value 5 s -added to tha 
first table entry, 
resulting in the final 
value of nine bearing,, 

rur Ship • d spaed 1 s 
multiplied by sine 
bearings 

UNCL/.^FIED 
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Ord.or Number Up^later Number Operation l)eBO rlpt lon 

14 259 mr X direction ra 

15 

16 
17 

S(OK3) 

S(C+2) 
S(C) 

ta 
t x 

multiplied by the time 
elapsing between con­
secutive solutions of 
ship'8 pos i t ion . 

The Xr-poaltion lncroment 
i.a »dded -,o tbs o ld 
3>-poeltlo3. 

Tin new X-poaition ! • 
tr.vnsmlttod to the 
etovoge register and to 
the axtornal indicator 
at t \e destroyer controlo 

r 
V, 

A similar computing program Is followed for calculating the 
e x p o s i t i o n of the ship, 

Voefinff < 
lot tlw 

calculation of turn rate and HG8B&Ot the ship. tSUKSt'Ot a ship I s 
calculated as a double exponential function in which the ship exhibit* an 
exponential approach to the steady state t u r n r ^ t e a n d in which the turn 
rate i s Integrated to obtain the MW- ship' a^bennfiiilg^*' The exponentials 
and integrations are approximated by straight l i n e segnwntsof the -jurves. 
The following equations are solved for turn rate and frfsWBSJI • 

(TR) 
SS DR {& * sp«od)+(B x HHM)J 

|_(TR)S S ~ ( (TR^ = (TR)Q +-(constant) J 
\B0 •ffMMH • — ^W^flflfiBg.i 

1 0 
+ (const ant )(TR), • « o 

*-**• ^ J L ) 
.*"•, 

. , ^ f ^ « - CHJ*, A^ ( ~v* 
The f i r s t equation defines the steady state turn rnie M a function of 
speed aedr propeller HPM, The second equation se ts the now turn rate at 
the old turning rate plus a constant times the difference between the 
o l d r a t e and the steady state rate . Equation three defines t'rn awF-shlp's 

W > V N S ) > ^ as the old VaoHinft-plus a constant tlnen the new turni..c: rate.. 
VVJMII I Pi Hlim.iy l i a r inu iH i i t j mi O f Mil |inlntt<w» sjsl im i i W inm ij In 
ttl irriflr tinbntntlnn ftnlnw 

UNCL/ 
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Order Number Regieter Number Operation Description 

1 
3 
3 

5(C+1) 
361 
100 

M 
mr 
ta 

These orders store the 
product A tlnen the 
speed In register 100. 

4 
5 

S(0)X 
263 

oa 
mr 

We obtain the product B 
times HPM. 

10 
11 

13 

13 
14 

100 

S(0+1)X 

S(C+4) 

263 

S(0+4) 
S(0+4) 

369 

8(0) 
S(C) 

ad The quantity K times 
speed la added,. 

mr Hesult of the previous 
computation i s multiplied 
>jy rudder posit ion to 
obtain steady state turn 
rate* 

BU Old turn rate la eubtrnoted, 

mr Difference Is multiplied by 
exponential constant to 
give increment In turn 
rate -

,->d Old turn rate i s added to 
ta obtain a w turn rate, 

mr The new turn rate la 
multiplied by the 
solution U M interval 
factor to obtain bearing 
lnorement. 

fid Bearing Increment la added 
ta to old bearing posi t ion to 

obtain new ahlp'e bearing,. 

Computation now proceeds to the calculation of ship's speed. 
Figure 7 showa the computation flow diagram for calculating ship's speed and 
also the comparison neoeasary to determine i f ni l ship's posit ions tum been 
completed and the alteration orders necessary for Indexing the ship 
computation program to the next ahip pos i t ion . The representation for ship 
speed has been taken as an exponential approach to i t s steady state value. 
The following equations have been assumed: 

UNCLA! 
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Speedy «= C(Hi>M) - D(absolute> Valuo of Turn Kite)(Speed) 

Spoed, • ^ e e d + (Constant) (Speedy - Speed ) 

The following orders are required for calculation of speed; 

Order Number Register Number Operation Description 

1 
2 
3 
4 

S(C+1) 
S(C+4) 

264 
100 

ca 
CISC 

mr 
t s 

These orders reult In the 
storage of ouontlty P 
times turn rate times 
speed. 

5 
6 

265 
S(C)X 

ca 
mr 

These orders result In 
the quantity C times RPM. 

7 100 su This subtract order 
produces the steady state 
speed time, 

10 
11 

12 
13 
14 

S(C+1) 

266 

OU 

or 

Subtracts the previous 
ship's speed. 

Multiplies hy the 
exponential constant 

S(C+1) ad Result in new ship's 
S(C+1) t s speed. 

267 ca These orders edd to the 
268 ad Index location of the 
268 ts ship under consideration 

the difference or Interval 
In storage required to reach 
the next ship storage 
locat ion. The new Index l e 
stored In ahip index regl stf 
268. 

We next compare the new ship Index number with the maxlnom 
number of ships being considered to see If the computation has yet reached 
the la s t ship In the ser ies . 

•'NCLA :!F!ED 
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Order Hmnber Rngiater Number 

15 

16 

269 

371 

Operation Bescription 

su Subtract maximum number 
of ships. 

ad Compare to see If number 
In arithmetic element la 
positive or negative. 

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

17 
18 

371 
371 

td 
td 

This transfers first 
ship Index number from 
register 270 to register 
number 268„ 

Assuming now that the new location and bearing and speed have not 
been computed for all ships, we follow the other alternate leading to a new 
order sequence arbitrarily ohosen as beginning at 126. In the following 
set of operations, the ship index number from register 268 is trans­
ferred into the operation control orders for the previous sequence. For 
example, referring back to the orders for calculating the X location of 
the ship, the number S(C) must be substituted into orders 1 and 17 and 
into corresponding locations of the other control cycles. 

136 

127 to 133 

268 ca 

td 

134 371 

Transfers s.alp index 
number to arithmetic 
element. 

Transfers numberb S(C) to 
control order location, 
such as orders 1 and 17 la 
the program for X location 

Adds 1 to ship index 
number. 

\ 
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-Jvdar Humour Register Kumber Operation Description 

135 to 142 td Transfer numbi.r to a l l 
program orders requiring 
S ( O l ) such a i order 13 
of X location program. 

Orders 143, 146,, and 149 Index in a s ln l lar manner to the numbern 
s ( 0 2 ) , S(i>3) and S (04 ) and place these order numbers in their proper 
register locat ions . 

Order 154 i s a subprogram command returning the maohlno control 
back; to order 1 of the X-poeltlon cycle to start with a new ship. 

"he previous discussions dispose of the shlp°s position and bearing 
computation: Solution of the submarine problem would be similar with extens5in 
to the computation of depth. We wi l l consider next the calculation of re lat ive 
radar posi t ion. 

iUDAB COMHJTATION: This oomputlng pro/pram i s re la t ive ly inef f i c ient . 
Ships are selected one by one as looal ships and the posit ions of a l l others 
calculated with respect to the looal ship for presentation on the radar PPIe 
In f i g . 8 loop 1 i s traversed once for each remote vhlp during the computation 
of a particular radar scope patte-n. When a l l remote ships have baen located, 
loop 2 i s traversed to index the computer to a now looal ship for calculation 
of a second radar soope pattern. Two comparison orders are Indicated by 
tr iangles , the f i r s t to determine If a l l remote ships have been calculated for 
a particular ??I pattern and the seoond conditional program i s utied to 
determine if a l l t¥l patterns have been computedo After a l l patterns are 
computed, .ho control i s transferred to computation of sonar patterns, 
figure 9 It) a detailed flow diagram for the radar and control orders tabulated 
below: 

Order Number 1—1 «»SM Number Operation Description 

1 
2 

272 
5 

en 
td 

Establish a control order 
making possible extraction 
of the remote ship 
X-coordinate 

3 
4 

273 
8 

ad 
td 

The ship index number in 
Increased by one giving a 
control order for extraction 
of the Y-ooordlaate. 

X 
274 • 

X deflection tx 

f ir 

The differences in X-posltlon 
between remote and looal ships 
are calculated and trann-
mitted to the scope 

f l eo t lon oirculto. 
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Order Nurcber fieelster Number Operation J>» script ion 

a 
9 

10 X 
275 

deflection 

oa 
•a 
tx 

These order c obtain T 
axle deflection voltages 

11 
12 
13 

279 
13 

Z 

oa 
td 
tx 

Thee* provide a tfcope write 
order for ths proper local 
ship. 

14 
IS 

276 
272 

ad 
ta 

The remote ship Index la 
Increased to a now posit ion 

16 277 an This Index la compared vlth 
the maximum number of ships 
In the problemo 

17 18 op ~ choice Is made between 
continuing with a new remote 
ship at the same looal position 
by continuing at order 18 or 
If all remote ships have bean 
completed, oontrol Is trans­
ferred to the next local ship 
at order 19. 

IS 
20 

21 
22 
23 

24 
25 

278 oa The remote ship Index Is 
272 ta returned to I t s starting 

value* 

276 oa The local Index Is Increased 
279 ad by one. 
279 t s 

277 BU The local Index lo examined 
34 cp to 966 If a l l local scope 

ship patterns have been 

NIC SIFIED 
computed. Control Is trans­
ferred to sonar beginning at 
order 35 If local ships are 

||11 'iMWf 1 Complete=, 
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Order Number Bsglater Number 

36 270 

Operation Description 

ci Local ship index Is returned 
to Its beginning value. 

If a new local ship Is to he calculated, control continues through 
orders 26 and 27, 

Order Mumber Register Humber Operation Description 

26 
27 

279 
32 

ca Orders are generated for 
td extracting the X coordinate 

of a new local ship, 

28 273 ad 
29 30 td 
30 I 0 * 

Orders are generated for 
extracting the T ooordinate 
of a new local ship, 

276 ts T coordinate of a local 
ship is transferred to 
register 276 c 

32 
33 

X 
274 

ca The X coordinate of a new 
t s looal ship la transferred to 

reg is ter 274. 

This i s a subprogram order 
returning control to order 1 
at the beginning of the 
radar computing cyc le . 

ijQHAB; Sonar ooaputatlon would be dons in a manner similar to radar 
with such additions as nncessary to give depth readings, 

flKfTH qE&BOiiiSi f i g , 10 shows a solution oyole schematic for 
pre-set depth charges. This schematic i s of the same nature as shown in 
rig., 3 for oalculation of ship posi t ion. Figs- 11 and 12 i l l u s t r a t e too 
oalculation cycle schematic for proximity f i r ing depth charges. Control 
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crders for the handling of depth charges have not been worked oat in detai l 
Information i s handled la the following general manner^ 

Consider f i r s t the depth chargo with pre-set f i r ing deptho When a 
depth charge key In one of the destroyers i s f ired, the code number of the 
destroyer and the depth sett ing of the charge ere transferred into the com­
puter u The computer, knowing the ship posit ion, bearing and speed, and 
knowing the depth Betting of the charge can now compute the X end X coordinatea, 
the depth, and the time at which explosion wi l l occur, Xhie explosion time 
i s then observed at a l l subsequent major cycles of the computation unt i l 
explosion time has occurred* 

At the time of explosion each submarine Is examined for posit ion 
to see i f i t i s within the possible region of damage.. If a submarine i s 
within the possible region of damage, i t i s examined more c lose ly as to 
bearing and Is treated as a cylinder in shape to see i f i t i s actually within 
the damage tone If no submarine i s within the damage sons, the depth charge 
i s removed from the computer B'.orage„ If damage can occur the probabla 
damage i s observed in a table of values and multiplied by a s ta t i s t i ca l 
probability factor to arrive at actual damage„ Damage Is then added to the 
damage regis ter of the submarine and the depth charge i s removed from the 
computation, 

Depth charges with proximity-fuzes are in i t ia ted in the same manner 
as pre-set charges. The computer i n i t i a l l y calculates the time of f l i ght 
through a i r and the XT coordinates and the time of impact c 1 the water, 
On successive computation cyolee, the computer observes impact time unt i l 
the depth charge reaohes the water surface., At th i s time an examination In 
XY coordinates i s made to find if any submarines are close enough that thay 
might poss ibly reach the path of the sinking depth charge. If no submarines 
are suf f ic ient ly close, the depth charge i s removed from the computation at 
this points If possible submarines ex i s t in the area, their code numbers 
are storod along with the depth charge data. At each major cycle of the 
computation, the new depth of the charge i s calculated and i t s distance from 
a l l submarines previously ident i f ied i s observed. If a submarine l i e s within 
the maximum detection sphere, the true distance and cylindrical shape of the 
submarine are taken into aocount to see i f fuze operation can occuro If the 
charge i s within the detection range, damage i s calculated as before« If the 
proximity controlled charge reaohes a maximum specified depth without being 
fired, i t i s automatically removed from the computation. 

1 
2 
3 
4 
S 
6 

Praying 
fl-30977 
A-30978 
A-30979 
B-30980 
B-30981 
b-30982 

JwysBUfi/has - Vh 

On HtsBBSSll 
7 B-30983 
8 fl-30984 
9 B-30985 

10 B-30986 
11 B-30987 
12 •V 30988 

SIFItU 
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