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ABSTRACT

An IBM 7090 computer program is described which calculates the disfri-
bution of distances between the point of activation of a weapon and a moving
target submarine taking into account the estimated component attack errors.
The model used is more flexible and realistic than similar past efforts and is
e•pected to produce more reliable submarine kill probabilities. The miss
distances are computed by Monte Carlo simulation of the actual tracking and
firing tactics. They are plotted by an SC 4020 plotter, first in ascending
order, then as a cumulative frequency distribution. Flow charts, a listing of
the FORTRAN program, and a sample calculation are included.
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1. INTRODUCTION

The determination of the probability of killing an evading submarine has
long been a major problem of antisubmarine warfare. Past attack models have
been usually restricted to specific tactical situations or sensor/\veapon systems
and required rather awkward assumptions about the natutre of distribution of the
various attack component errors,

The effects of antisubmarine weapons as a function of distance are compara-
tively well known. Therefore, the major difficulty in the determination of kill
probabilities lies in the calculation of the probability of placing a weapon within
a given distance from the target, in terms of the expected errors in the various
stages of attack.

This program provides a distribution of these distances by Monte Carlo
simulation of the actual antisubmarine tracking and firing tactics. It is based
on a model (reference (a)) which is both flexible enough to cover most tactical
situations and sensor/weapon systems and realistic enough to yield reliable kill
probability values. The use of the Monte Carlo technique voids the need for un-
reasonable distortion of component error distributions.

I1. GENERAL DESCRIPTION

Model

The tactical situation is shown in figure 1. The attack unit is at the origin
of the coordinate system. The true course of the submarine is parallel to the
x-axis. At the time tI a 0, the submarine is at the true point PI with polar

coordinates (r 1 , a)*. The submarine proceeds from P, at a speed U1 and

arrives at the point P2 at time t2 . It then executes a turn of radius Rt thru
2 V degrees of are at a velocity U2 . When the turn thru v Is completed at time

t3 at point P3 , the submarine continues on a tangential course at speed U3 ,

reaching point P4 at a depth Z at time t4 .

The time t4 is set equal to the actual activation** time of the attack weapon,

thus making P4 a variable position dependent on t4 . If t4 is less than t2F

'-Aff igle.s --i " iastiied 'from the vertical or the range line, positive dlrec -
tion to the right. Deflections are measured from the range line, positive to
the right.

** Activation here denotes the step in which the weapon begins to exert its ef-
fect on the target (e.g., beginning of search for a homing torpedo or detona-
tion for a depth charge).

m r • • m • • • • • • •
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P4 will be somewhere between P1 and P2. It4 is greater than t2 hut less

than r3 , P4 will be somewhere on the circular arc between P2 anti P3.

Finally, if t4 is greater than t3 , P4 will be located somewhere aling the

tangent to the circular arc depending on the time elapsed between t3 anti t4.

Due to errors in tracking, the attack unit presume's the submarine to be at
the point P'I with the polar coordinates (r'! , a') at time t'I = II = 0". The

attack unit loses contact with the submarine at P'1 where it has measurcd the

submarine's speed as U'I and its course as 6'. The attacker assumes that

the submarine continues from P'I at the speed U'I on the course 6' and

calculates P'12 , where P'2 is the assumed location of the submarine at to3,

the desired time of activation of the weapon.

The aimpoint of the weapon P' 3 is specified by an offset angle D' and

an offset distance h' from the predicted point P'2. 1 ae to weapon pl,,ccment

errors, the weapon arrives at the point P'4 at depth Z', and activates at time

t 4 " The time t4 is set equal to t' 4 so that the distance between P4 and P' 4
becomes the miss distance between the submarine and the weapon.

A miss distance di is calculated for each Monte Carlo iteration. At the

end of the iteration process, two graphs are plotted:

Graph 1: The miss distances di are plotted in sequential ascending order.

Graph 2: The cumulative frequency distribution of the miss distances is
plotted as follows: DM is an input to the program and is used to

specify the largest value on the x-axis. If DM = 0 or is not spec-
if led, the largest d1 or dmax Is found.

DM is then chosen as the smallest number of the form 1 x 10n,

2 x 10n, 5 x 10n, -2 & n 138, which is greater than dmax. Once

DM has been chosen, the x-axis of Graph 2 is divided Into Na

equal increments, where N Is also an Input to the program.

7 PrT m 'ixebdi'i fisd to describe quantities in the observed system. Un-
primed variables denote quantities in the true or actual system.
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Each increment represents a range of miss distances. The fre-
quency of occurrence for each range of miss distance is calculated
and the cumulative frequencies are plotted.

The largest and smallest values of di and the number di > DM are

printed out. All values of di > DM are ignored; they are not plotted

on Graph I and they are not used in determining the cumulative fre-
quency distribution of Graph 2.

Ill. METHOD OF SOLUTION

The inputs for the program consist of the following parameters:

Address Symbol Description

I ID Identification number which can be assigned to a computer
run and which will appear on the graphs and the printed
output. ID is an integer such that 0 < ID : 32, 767

2 N1  Number of Monte Carlo iterations.

3 DM The value of miss distance that will be used as the
largest value on the x-axis of Graph 2 (feet)*

4 NS Number of equal incremerts on the x-axis of the
cumulative frequency plot (one increment has length=
DM/NS•*)

5 Ns Number of "empty" passes thru random number
generators.***

6 rI Distance from attack unit to P,, the submarine's true

position when the last contact is made (feet)

7 Ar1  Observed position bias error in range (fet)

8 or1  One standard deviation of position error in range (feet)

"U If not entered, M is chosen as the smallest number of the form I x 1o0,

2 x l0, 5 x lo -2 ! n f 38 which is greater than the largest calculated
miss distance.

• If not entered, NS will be set equal to 500.

•• N% passes thru the random number generators are made only for the first

data set processed by the program.

4
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Address Symbol Description

9 rt Radius of turn that submarine executes at p2 (yards)

10 a True bearing from attack unit to submarine at point
of last contact (degrees)

11 -,a Observed position bias error in bearing (degrees) 4
12 One standard deviation of position error In bearing

12ac (degrees)

13 Number of degrees of arc in turn of radius rt.
14 a., If positive, a., is one standard deviation of error in

the turn angle v (degrees). - will be replactd by i
normal distribution about V. If ngtive, v w'!! be
replaced by a uniform distribution Zrom 0 to v.
If zero, v will not be changed.

15 -18 Observed course bias error, where true course
8 = 90 (degrees)

16 a8  One standard deviation of course error (degrees)

17 u1  True speed of the submarine from P1 to P2 (knots)

*' 18 u2  True speed of the submarine from P2 to P3 (knots)
19 u True speed of the submarine from P3 to P4 (knots)

3 3
20 Lu Observed bias error of submarine speed u, (knots)

21 oUl One standard deviation of error in submarine speed
U1  u1 (knots)

22 t2  True time at which submarine starts turn (seconds)

23 If positive, K2 is one standard deviation of error in
t2 ntv,0t2

the time t2 (seconds). t2 will be replaced by a normal
distribution about t2 . f negative, t2 will be replaced
by a uniform distribution from 0 to t2 . If zero,
t2 will not be changed.

24 t'3 Desired time of activation of the weapon (seconds)

25 ' Aimpoint offset angle (degrees)

5
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Address Symbol Description

26 h' Aimpoint offset distance (feet)

27 AC rt Weapon placement bias error in range (feet)

28 One standard deviation of weapon placement error in
Ile range (feet)

29 ACd, Weapon placement bias error in lateral displacement
(feet)*

30 0 One standard deviation of weapon placement error in
Cd' lateral displacement (feet)*

31 A, Weapon placement bias error in bearing (degrees)*

32 a One standard deviation of weapon placement error in
bearing (degrees)*

33 Z True depth of submarine when weapon is activated
(feet)

34 AZ If a is positive. AZ is considered to be the observed

depth bias error (feet). If aZ is negative, A Z is con-

sidered to be the maximum operating depth of the
evading submarine (feet).

35 OZ If positive, 0z is one standard deviation of error in the

depth Z (feet). The observed depth of the submarine,
Z', will be calculated as a normal distribution about
Z + A Z (feet). ngative, Z' will be calculated as a
uniform distribution from 0 to AZ, the maximum operat-
ing depth of the submarine (feet). If zero, Z' will be
set equal to Z (feet).

36 v' Velocity of the weapon (feet/seconds).

In the following discussion, RN is a Gaussian-distributed (mean a 0, standard

deviation a 1) random number which is always less than 4 standard deviations.
RU Is a uniformly-distributed (mean a 0) random number.

U IA,• a Cdt , then Option 2 (see page 8) will be used.

f AC, • ac •0, then Option I (see page 8) will be used.

6
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The miss distance d will be computed once the x-y coordinates of P4 and

P'4 are determined.

1. It is first necessary to calculate the x and y coordinates of P'3" In

order to do this, certain variables in the observed system must be
computed.

Since rt, I"ul *'Ulf Ul u2 ' and u3 will be used in subsequent calculations,

they must be scaled to be consistent with the units of the rest of the input
parameters.

U .=L6878065u1 , in , 2, 3

AU• 1.6878065Au 1

au1 1. 6878065%U

Rt t3rt

Then U', U I + UI +RN %,U

Sa' 
a+Aa+R N27 a

N2
S~~~rl "rl +'rl +RN r:

31'r

S6' u90+.%8+RN4 17 (8a900 inthetrue system)

It is now possible to calculate the x and y coordio~ates of 103, x' 3 and y' 3
from the geometry of figure 1.

x' 3 = r' 1 sin*' +U'It' 3 sin6' +h' sin'I

y 3 ar'l Cos&, + U'1t'3 cos 8 + h' cosri

2. The next step is the determination of x' 4 and Y'4' the x and y co-

ordinates of rP4 . This calculation depends on how the weapon placement

error is described:

Option 1: The weapon placement error is described by range and deflection
(.-r' and 'd' respectively)

Option 2: The weapon placement error is described by range and bearing
(Cr, and e,, respectively)

7



Option I

Cr, Ma,@ + RNs a,

d, a A• ed' + R N6 "Cd, (¢d' is measured positive to the right along
the range line from the attack unit to the
submarine)

rex3 a 3.33

x4 =x3 - r' r• d'

33

9 1'

rI4  1(x4 + (yI )
•Ci 't -- 7' + y

Cption 2

"i"Ar + CRNs C,

CoaA e,- + RN cy ,

r'3s ax'$ 3) + (V')

r'4 a r' 3 + Cie
xt$

P'e arctan
7 3

x'4 = r' 4 sin (PI + et)

y'4 = r '4 coo (Se + CO)

" The derivation of these equations is somewhat lengthy and is therefore not
included.

8
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The time of activation of the weapon is calculated taking into account the
delay due to weapon placement error.

r9 - rt
D4 3to 4 to t3 + ,.

3. The x and y coordinates of P4' x4 and y4' must now be determined:

Since t2 and v will be used in subsequent calculations, they must first be

transformed in accordance with the convention defined on page 5.

>o, 0 heT 2 -t 2 +R

U a 0 = • hen T 2  a t2

U a, 0, thenF'yR8o
T2 0t 2

Y N8  V
toI c<o, te r-u2 Y

IUa =o, thenr v
Y

Since T2 and r have now been datermined, t8 is given by:

rRt
t 3T2 +~r

2
As was noted previously, the location of P4 is dependent upon t'4 ; thus, there
exist dtree possibilities:

a) to 4 1C T2

then x4 a r, sin a + Ult'4

y4 " r" coma

t9'1.



b) T2 <t'4  '

thenlet e = t'4 -T 2

t3 - 2

x4 UrIsina+UIT 2 +Rt sin e

y4 "rt cos - Rt (1 -cos 0)

c) t'4 > t3

then let S = U3 (t'4 - t3 )

x 4 "r1 sina + UIT2 + Rt sin v + S cos Y

Y4 "r1 cosa - Rt( 1 - cos y) - S sin y

4. The final stop is the calculation of the miss distance:

ifaz>0, thenZ'-Z+&Z+RN 'Z S

if aZ < 0, then aRU Z.Z

3

If *Z 0, then Z' - Z

Then d , ( - )2 +(y4  )2 Z-

Msee page 6 to review the definition of OZ.

10
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IV. USER'S INSTRUCTIONS

* See the list of input parameters on page 4. The user should submit a data
submittal form (see appendix C). These forms have space for the submitter's
name, the date, the program number (13-64P), the security classification if any,
the parameter addresses and values, and an estimate of the computer running
time (see section VIII).

Input flexibility has been attained by allowing the user to vary any or all of
the parameters in a computer run. In any one set of data the parameters remain
fixed, of course, but there is no programmed limit to the number of data sets a
user may submit In a run. The only restriction is that each data set must ter-
minate with one blank card, and the last set in the run must terminate with two
blank cards.

A further advantage enjoyed by the user is that for each data set after the
first, he need submit only those parameter values in a set that are different from
those in the previous set. * This is accomplished by identifying each parameter
by a .nique "address" in the computer memory (see appendix E). Initially every
address is cleared to zero so that only non zero input parameters need be entered.

V. SAMPLE PROBLEM

A situation was fabricated for illustrative purposes whereby most of the bias
errors were chosen as one percent of the true value and standard deviations were
taken as ten percent of the true value. The output is shown in appendix D; and the

V problem submittal form in appendix C.

VI. KEYPUNCH INSTRUCTIONS

See the list of input parameters on page 4 and the sample problem submittal
form In appendix C. Input card formats are described in appendix E.

VII. OPERATOR'S INSTRUCTIONS

Run under control of the Bell System on the IBM 7090 computer. Graphs are
made by the Stromberg-Carlson microfilm recorder. A charactron (CRT) tape
must be mounted on tape unit AS in the low-density mode. When the program is
run at the David Taylor Model Basin all that is necessary for plotting is a "BCRT"
control~card (columns 8 thru 12) and the "AMPLOS" subroutine. When the pro-
gram 1.run at CEIR, NAVIC or NAVCOSSACT, the "BCRT" control card is not
to be used and the "AMPLOS" subroutine is to be replaced by the "CXPLOV' and
"AMPLOF" subroutines; the CRT tape on A8 can then be taken to DTMB or
Stromberg-Carlson for processing.
"The excepton to this rule is N , the number of empty passes through the ran-

dom number generator (see pare 4).

11



VIII. TIMING

The table presented below gives a conservative estimate of the computer
running time for one data set as a function of NI, the number of Monte Carlo
iterations.

N s Computer Running Time
(Number of Monte-Carlo C pt Ringtime

Iterations) (in minutes)

100 2

1000 2

2000 3

3000 3
4000 4

5000 5
6000 5
7000 6
8000 6

9000 6

12



Reference: (a) Operations Evaluation Group, "Design of Antisubmarine Attack
Models," in preparation.
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APPENDIX B

FORTRAN STATEMENTS

COMPUTER PROGRAM 13-64P ANTI-SUbMARINE ATTACK AH/S4f
DIMESIQN XI(90OO).OOL9OOO),X2L1000o3yy(1OOO).0(JO3e6).GIf2).Ga¶%5)
EQUIVALENCE (00L3),OSUI.~(OO(6).RbUOI).L0G(?).DELRI).(UO(&i),SIC.I1
X),L00L9I.RTARN).(0OLIO).ALPMA),LOQLII).OELALP),LOO(lt).S1GALP).
XIGOGI 3) .GAMMA) * tOOl 4) ,StGGAM). (004 15) .OELDEL ), ooL 1 .6ItODE~LJ
X(OOL 17) .UlKNOT ). G 0(1).U2KNOT). fOOL 9) .U3KNOT) .(COL'O) .OELUA)t
X(004213 .SIGUA) 400(22)oT IME2) ,LOO4a3) .51GT2) ,(00f4 P) T3P).
X(00(253,ETAP),(OQL26).AIVCHP).L00(d7),DELERP).(0O(28).61GERP),
X400429) .OELEOP)t 400430).SIGEDP) .(04 31) ODELEUP)9 toot3k)3 , 3.~
Xg00(33),ZEE).(00(346),0ELZ3,(00(35),SIGl).LbOL36).VPRIME)

10 0101:1.936

"wSU.SES00
CALL LGCHAR(S.4H SAO)
P1.3. 34159

a G1(12)*740610306060
a iii(Mag?25121473060
a G1410)u016060606060*
a GI(9u603124601360
a GIl? 3n6060 06060606
a 6146)=443162626024
a 61l5).36263214523
a GI(4)a256260314S60
0 G1433.216223254524

a Gl(2)a3l4527604651
0 Gl(i)*242551606060

* 624 tSWu41006306060
624 143.61(11)

a 02 1'3)n026060606060

GIL 10)a6147)

a GRL93u236444644321
a 62L6)u433I6S266016
a Ggt?)=512SS0642545

0 2L6)m237060243162
a Gg(g)=635131226463

a 62(43a314665604626.

a G2(1)*23IS62606060
20 CALL DATA(0091ND)

IF( 1N0)509S0.30
30 PRINT 40
40 FORMATLINIH

CALL LGCH1AR1S.4M SAO)
CALL ENDJOD

50 IDENTSUOlI)
NSUS 130042)

IPLKEE3 52.51.52
51 NEMPTYmOQLS)
52 PRINT 60
60 FORMAT (N1Mb 41" CNA PROGRAM 13-64P ANTI-SUBMARINE ATTACK hft

XaH AODRESS. 5K. SHVALUE. IlK. INHOLSCRIPTI0Nt)

GIMPTY YNENP TY
PRINT 70.(lIOOL1).IuI*).GEMPTV.LI.OtlI).IUO.IO)

70 FORMAT( I5.F15.A.5X.IIMIOE#TIFICATION NUMBER.#
Xl5,FI5*A.5X929HN0. OFP ONTE-CARLO ITERATIONS,

19



XIS*FIS*4ioSX,3SHLARGEbIT VALUE~ FOQ X-AXIS ON GRAPH 2/
XI5*FIS.4*5x*37HNUMBElV Of Eif)AL INC'tF-M'ZJTS ON GRAPH 21
x5m S*PI'ieA.5X933H(4UMBERI OF EM4PTY RANDOMt No* PASSES/
XIS*FIS*4,5,(,7gr SUB 11
XI~sFP15.A.rxI3HDELTA R S~UB I/
XI5%FI5-AvgX*I3HSIGMA R SUN I/
XI5,F1S.4*sx,7HR SUB ri
XIS*FIi5.4*SX*SHiALPHA/)
PRINT 80t11,0011), IinjI kO)

80 F0RMAT1IS9FI5.ASXvIIM0hLT4 ALPHA/0
Xt5*FI%*4*5X%,1HSIGMA SUN ALPHA/

XIS*FIS*4*SiC.ISHSIGMA SULi GAWMA/0
XIS*FIS*4*bXollINOELTA OEiLTAI
XI'S*PiS*4%0EISHSIGMA SURI DELTAI
XIS%71594,5ATMU SUB 11'
XIS*FIS*4*SX97IqU SUS 2/'
XIS*FIS.*4*5c.7NU SUBS 14
XISsFI.4%5XS~,I3H0ELTA U SUB 1.4)
PRINT 90,11.001 I)9Iw21,3O)

90 FO14?AT(I$,FI5.4,SX.I7HStGMA SUIN U jAUV I.4
XIS.FIS.*,5Xv7kT SUb al
XI5%rI%*4%5XsxlHSIGMA SUB T SUB 21
XI5,rI5*4,5X*IJI,

1 PRIMEI SUB 31
XI~sFIS.*45Xv9H1iTA PI4IME1
XI4%%FI5*4*5sx,7Hg RilMke/
XI5*FIS.ASX*25HDELTA E!PSILON6 SUN R P,11MIM
XISFlbo*454v2VHSIGMA SUN EPSILON SaUR R q M.
XIS*FIS.A.5icP%gHqOLTA IPSILUI SUN I) PRlIME.*
xis.rIS*s.A.SK2qsIGMA SUB EP'SILON SUCI 0 PRIME/')
PRINT 100.4 IU0II)*1493,,36)

100 FOHMATuIS..:1b*4,sX%2AOELTA kPSILON SUWI HETA PR~IME/i
XI5sFI'l*A.5K(32HSIGMA SUBi WISILON Stili bl:TA P141Mb,

XI5*FI5*ABX%7IOCLTA ZU
xis.IormesusiIN.SIGMA SUN Z-
EI~sFISeA.5sE7HV PAIME.44Yj')
IF(NEMPTY) k30*140,IaO

110 00 120 I*I*NEMPTY

U2FPSu I 68?A065#U2KN0T
U3FPSu I .f8?80E ,OU3KN0T
OELUIa I 6 &8780J%*JOELUA
SIGURNU.6ft ANN*SGU

CALL GRNUMAIRN2)
CALL GANUM*4PN2)
CALL GRNUM4tRN3)
CALL. IPPSOLU I.N S*IG)
ALPMPuALFPHA*OELU pfN2.S IGAL
ALRPHARsALeI.OELLPnN2*SGIGL

OELPv9O e*O:LOEL *RN4*5 I DElL
X3PERIPeSINDF IALPHAP)*UIPOt3PeSE NOF I OPIP AIICHP*¶ INOF (ETAP)

B-2



V3PMUIPOCOSOF(ALPHAPI.UIP@T3P#COSOF(OELP).AITCHP.COSOF(ETAP)
CALL GRNUNS INNS)
CALL GANUN*(RN6)
ENPAOELENP+RNSOS IGERP
ft3PuSOftTFfX3P@*IeV3P**2)
IF (011.1SF) 170.350.170

too IF (5161SF) 1?091609170
CALCULATIONS FOR OPTION I

160 VOPOOELEOP*RN60SIGEOP
* X4PuN3P*1NPOX3P/R3P.S0POY3Pd'R3P

Y*4PuY3P*UqP*Y3P/NR3P-30P.E3P/R3P
) RA~pUsGRTP(xAP#*R@2,Y*#2)

40 TO too
CALCULATIONS FOR OPTION 2

170 EDPwDlLlSP*RN6*S1SGtP
4*PUR3P*ERP
ANGL~wATANOF IVJPlX3P)
IF IX3P) l?*917*.174

178 ANGLemAWGLE*SSO*
17* SETAP=90*-ANGLe

X*PaR4P0S INOF I STAP+ESP)
YGPuR*P4COSOPE SETAP*EIMP)

1S0 T*PaT3P*IR*P-W3P)*VVPRINE
TTR*TIM62
IF (SIGTA) 19092109200

190 CALL MNAMIN (RUI)
) TTZ=RU I OT IM92
f GO TO 210

200 CALL ORNUN*(RN7)
TT~mIINEI&ftN7*SlGT2

210 GGANNAaGANNA
IF (SIGGAN) I220*240230

110 CALL RANMBN 44UII)
GGAPNA*RU2*GAMNA
GO TO 240

*30 CALL GIINUMI(RNS)
GGAMNAnGAMMA+RNBS'SIGGAM

8*0 IF (TAP-TT2) 2SO*250%260
SS0 XPOURaRSUBI *SINDF( ALPHA) 4UIFPSOT*P

L VFOUnumSUua OCOSOPI ALPH4A)
GO TO 290ji 160 TINE JUVT1.( PUIA. 0)OGGAMMAORTURNItUaFPS
IF(T4P-TtNF.3) 270.270*25fl

870 THETAaI(T4P-TT2).ITINE3-TT2))'GGAMMA
XFOUAnRSUeI.SINOF(ALPHA),UIPPS.TT2,RTURNOSINDF(TNUTA)
YPOU~uRSUSI OCOSOPI ALPNA)-RTURN'( I -(.OSOF( THETA))
GO TO 290

860 frS~uSJ3FP5*fTAI'-TIME3)
XPOURURSUSI OSINDF(ALPI4A),UIPPS.TTWIRTURNOSINOF(GGANNA)GESIOCOSOF
X1GGAPNA)
YFOUReASUSI OCOSDFI ALPHA)-RTURN*(I .-C0OSPIGGANNA) )-1SS*SINDF

XI OGANNA)
190 SPRIMESZEE

IF ISIGZ) 3009320,310
300 CALL RANUNB(RU31

ZPNIME=RU300ELZ
60 TO 330

310 CALL GRNUHN(RN9)

B-3
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ZPRI ME=ZCEEDFLLAIN9*S IGZ
320 00(1)aS0RTF((XFOUP-X4P)'O2t(YF0U4-Y4P)*O2,(ZF~E-ZPRIM()O*2)
330 XI(I)xl

CALL FORAST(ODeNSUH191)
OMAX=00(NSURI)
SCALE=DSUBM
IF (OSUBM) 340.340,380

340 00 370 Kwl*41
SCALE.. 00 1. 10.
IF (OMAX-SCALL) 300.360.350

350 SCALk=29#SCALE
IF~ (OMAX-SCALE) 360,JflO,360

360 SCALE=2*50SCALE
IF (OMAX-SCALE) 3609380*370

370 CONTINUE
30JJJuO
360666NSUBS

OELXvSCALViGGG
00 390 IuI.NSV85

390 YY(I)=0.
00 420 I1=,NSUBI
INUEXaGOC I)##OlELXqO*9999999
IF (INDEM-t4SUFIS)'4109410.400

400 jjjuJj*I~
GO TO 420

410 YYfINDEX)uYVY(IDEX),I.
420 CONTINUE

GNORMUNSUBI -JJJ
X2(1)uDkLLM2*
00 430 Js2.t4SUWS
X2(J~uX2(J- I)*DELX

430 YY(J-I)e100..YY(J-l)OGNORM1
YV(NSUBS)ul Q0*OYY(NSUBS),OGNORM
61 (6)mSINOF( IONT*6)
G24 11)NGI(O)

XUPPERUXI4NSUajI)
I N0RMwGNORM
CALL FNPLOT(Gl(12h1214(8H NUMBlER)921H(23H MISS DISTANCE IN FEiET
X),1.,XUPPER,0.,SCALE.20,20,20.1,6t4(FS.0).614(FPA.))
CALL CURVE(XI( INORM),OD(INORM)hINORM,0H I
CALL FNPLOT(42(15)*2614(2314 MISS OlbTANCR IN FEET)913H(9H PERCENT
X).0..SCALE.0.,100..20.2,20, 1,0H(F6e0),0i4(F4.0))
CALL CUnVEE X2(NSU3S),YY(N4SUB3S).NSUU)S.61
PRINT 440,OMAX.OD( g)*JJJoSCALE

440 FOI4MAT(2914 THE MAXIMUM MISS DISTANCE a P992,514 FEF.T/2914 THE MINIMU
1CM MISS DISTANCE F9*32,514 FeETI&*214 THERE WERE 14,3014 MISS OISTAN
XCES GREATER THAN P9.2,514 PFAIV)

GO TO 20
FND
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APPENDIK C

SAMPLE PROBLE3M SUWM1TAL FORM

060 COMKM3 DATA 8UJh~fTAL PORM

Mamtwd br. 3 ;M . Date:

Mirtes. Valve Address Value Address Value mures. Value

_r I_-
-12 jo - _ _

1. A aled ___ __ _______ -e -wda ,a tm *

2L. . DeL...... 1L... my.. be___ -mm -f= rto otnw
3. Mw val 3_ _ _ X_ _ _ -0' -~e- ' .0W r-4.~ -t____-Aypnino olem m ~W m nsdm
5-~ M.L 1 ' __ __ _____ lm ~le fb wru

6. Ayaluos uero i my beeoital9swor I on, wymosle t b i ask.

7. BA camds eudjobe MtsW br b C-1

zo (REVERSE BLANK)



APPAND]K D
SAMPLE PROBLEM OUTPUT

CNA PROGRAM 13-64P ANTI-SUBMARINE ATTACK

ADDRESS VALUE DESCRIPTION

1 1500.0000 IDENTIFICATION NUMBER
2 2000.0000 NO* OF MONTE-CARLO ITERATIONS
3 0. LARGEST VALUE FOR X-AXIS ON GRAPH 2
4 100.0000 NUMBER OF EQUAL INCREMENTS ON GRAPH 2
5 5.0000 NUMBER OF EMPTY RANDOM NO. PASSES
6 5000.0000 R SUB I
7 50.0000 DELTA R SUB I
a8 50.0000 SIG0A R SUB 1
9 100.0000 R SUB T
10 20.0000 ALPHA
11 092000 DELTA ALPHA
12 2.0000 SIGMA SUB ALPHA
13 60.0000 GAMMA
14 60000 SIGMA SUB GAMMA

S15 0.9000 DELTA DELTA
16 9.0000 SIGMA SUB DELTA
17 30.0000 U SUB I
aI 20.0000 U SUB 2

19 30.0000 U SUB 3
20 0.3000 DELTA U SUB 1
21 3.0000 SIGMA SUB U SUb I
22 100.0000 T SUB 2
23 10.0000 SIGMA SUB T SUB 2
24 300.0000 T PRIME SUB 3
25 4b*O000 ETA PRIME
26 50.,0000 H PRIME
27 10.0000 DELTA EPSILON SUb R PRIME
28 50.0000 SIGMA SUB EPSILON SUB R PRIME
29 0. DELTA EPSILON SUB O PRIME
30 0. SIGMA SUB EPSILON SUB 0 PRIME
31 3.0000 DELTA EPSILON SUB BETA PRIME
32 2.0000 SIGMA SUB EPSILON SUB BETA PRIME
33 50.0000 Z
34 0.5000 DELTA Z
35 5.0000 SIGMA SUB Z
36 800.0000 V PRIME

THE MAXIMUM MISS DISTANCE a 17728*80 PKET
THE MINIMUM MISS DISTANCE x 1012.03 FEET

THERE WERE 0 MISS DISTANCES GREATER THAN 20000.00 FEET

"D-1
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APPENDIX E

DATA SUBROUTINE

k•. 1. Introduction:

Many computer programs require the flexibility of varying any or all of the-
parameters in a computer run. Although FORTRAN is fairly flexible in its
arithmetic and control statements, its input-output statements are quite rigid.
In order to read cards for instance, considerable effort must be expended by the
FORTRAN programmer in writing his input statements. This subroutine eliminate.,
some of that tedium. The concept of a "data set" is used. A data set cunsists of a
sequence of punched cards terminated by one blank card. A parameter deck for a
computer run may consist of several data sets. Such a parameter deck is terminatwd
by tw'o blank cards.

2. Parameter Addresses:
The primary advantage of this subroutine over FORTRAN input statementt. re-

suits from the use of "parameter addresses." An address is a relative location in
the computer memory. It is the subscript of an array or matrix. For example, in
an array called X , the parameter value X53 would be located at address 53. By

using the parameter addresses, a user of the program need submit only thobe param-
eter values in a data set that are different from those in the previous set.

Three types of addresses are permitted by this subroutine.

(1) A numeric address consisting of one to five characters, each of which
is a digit 0 - 9. Such an address (n) refers to the nth element in a
specified array.

(2) An alpha address consisting of one to six characters, the first of which
must be alphabetic (A-Z). The remaining may be alphabetic or numeric
(A-Z or 0-9). Such an address refers to the nth element in a specified
array (1 i n c 26), where the first character of the address corresponds
to n as the 26 letters of the alphabet correspond to the integers 1-26.

(3) A matrix address consisting of two or more numeric fields separated by
commas. For example, the address 53, 47 refers to the element in the
53rd row and the 47m column of a two-dimensional matrix. There is no
limit to the number of dimensions in a matrix address.

3. Input Card Format:

A standard submittal form (see attacthment) has been designed for the analyst.
This form provides for entering parameter values with their associated addresses.
The user indicates blank cards to separate data sets. The keypunch opera ')r has
the option of punching one address and value per card, or, if the addresses are
sequential, of punching one address and several values on a card.

E-I
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Only columns 1-72 of a card are used. E&.ch column must contain one of the
following: a digit (0,-9), a "+" or " - " sign or a dash, a letter (A-Z), a period,
a comma, or a blank. Each punched card must contain one parameter address.
The address may start in column 1, or, if desired, mey start in a later column,
provided all columns before it are blank. The address is terminated by at least
one blank column. Only one address is permitted on the card. Succeeding col-
umns contain one or more parameter values, each separated by one or more
blank columns. A value may be signed or unsigned. The length of the value field
is variable. No blanks are permitted within a value field. A value may be punched
with or without an exponent. An exponent is recognized by the presence of a plus
or minus sign (or dash) between the fractional part and exponent part of the value.
Decimal points (periods) may be punched in either the fractional or exponent parts
of a value. If more than one value is punched on a card, those after the first will
be entered at sequential addresses relative to the address of the first value.

4. Usaize:
A data set is read by the use of the statement:

CALL DATA (X, I)

in a FORTRAN program for the IBM 7090. The argument X is the name of an
array in the program. The argument I is an indicator set by the subroutine.
This indicator may be tested by the main program upon return from the sub-
r(,utine. It will have a value of 0 or 1 or 2.

0: The subroutine has read a data set. The main program will normally
proceed to operate on this data.

1: The subroutine has read the second blank card which terminates the
parameter deck. The main program will normally terminate at this
point.

2: The subroutine has read a "bad" data card. The main program may
terminate the run, or ign6re the card and return to the subroutine to
read the rest of the data set.

If the cards to be read contain matrix addresses, additional arguments must be
included in the FORTRAN calling statement:

CALL DATA (X, DI, D2 , D3 , ... , Dn, I)

where Di is the ith dimension of the matrix X.

5. Method:

See the attached flow chart. DATA reads parameter val'ues and loading addres-
ses from cards. If sense switch 5 is up, it will read the values and addresses from
tape (unit A2). It converts the values to floating point numbers, and stores them as
elements of an array specified in the calling statement. The- elements are specified
by the addresses. If a card (or tape record) is read which contains non-permitted
characters (see input card format above), DATA prints the statement "bad data card,"
followed by an image of the card itself.

E-2



6. Coding Information:
See the symbolic listing included in this appendix. DATA ib written in the 7090

FAP language. It must be used in conjunction with the BELL system. It requires
401 words storage space.

1;-
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SYMBOLIC LISTING

PAP
ENTRY DATA

DATA SXA X191
SXA X2*2
SXA X494
CAL 1.4
ADD CORE
STO XLOC
AXT lei
SXA *41.1
CAL **94
ANA MASK
TNZ *+2
TXI *-4#191
SXA EXIT~i
TX! **99-
SXA 0,1,1
CLA *0o4
STA Al
STA PlA
STA 112
AXi 1.2 RETURN INDICATOR 1Al SXD *0,1

A TSX MI4REA094 READ A CARD
PZE CARD
TRA EXIT
TRA OAD
STZ ADORES ADDRESS a o
StZ VALUE VALUE , 0STZ EXP EXPa0STZ POINT POINT aD0
AXT Wii FIELD a 1
SXA PIELD9i
AXT 13.1

A2 TNX 1*4,1,1 COLUMN OT 72
AXT 42*2
SEA COLUMNta COLUMN *COLUMN,1

SXA CoU"44,2
LGCARD+12,a

PXD 0.0
LGL 6
$TO CIIARAC
ORA FLOAT
PAD FLOAT
510 NUMB
AX! 42,4
CLA CHARAC
CA TABLE+42*4
TRA #+2
TRA 0+3
TIX *-39491

E-7
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TRA BAD
LXA FIELD92
TRA F1+1#2
TRA F7 FIELDw7 (EXPONENT FIELD)
TRA F6 FIELDw6 (VALUE FIELD)
TRA F5 FIELDwS (BLANKS AFTER ADDRESS)
TRA F4 FIELD=4 (ARRAY ADDRESS)
TRA F3 F!ELDu3 (ALPHA ADDRESS)
TRA F2 FIELDm2 (NUMERIC ADDRESS)

Fl TXH 8.4.41 FIELDul (BLANKS BEFORE ADDRESS)
FIA STZ ** RETURN INDICATOR a 0

AXT 292 FIELD a 2
SXA FIELD,2
TXH H,4931 NUMERIC CHARACTER
TXH 1.4928 SIGN OR DASH
TXL BAD#492
AXT 3.2 ALPNA CHARACTER* FIELD a 3
SXA FIELD92
TXI *+1949-2 ADDRESS a NTH ALPHA
SXA ADDRES94
TRA B

F2 TXH J94*41 BLANK CHARACTER
TXH Ht4931 NUMERIC CHARACTER
TXH K94928 SIGN OR DASH
TXH BAD94t2
TXH L94tl PERIOD
AXT 4.2 COMMAtFIELD * 4
SXA FIELD.2
AXT 292
SXA DIMENS92 DIMENSION a 2
CLA ADDRES TEST ADDRESS
TZE BAD
TMI BAD

F2A STZ ADDER ADDERsO
TRA B

FS TXH J,4o41 BLANK CHARACTER
TXH 5.4#31 NUMERIC CHARAC'ER
TXH K94.28 SIGN OR DASH
TXH B.4.2 ALPHA CHARACTER
TXH Lt491 PERIOD
TRA BAD

F4 TXH M94941 BLANK CHARACTER
TXH N94*31 NUMERIC CHARACTER
TON P.4.28 SIGN OR DASH
TXH BAD94o2
TXH 04.1 PERIOD
TRA T COMMA

Fs TXH 8,4.41 BLANK CHARACTER
AXT 6.2 FIELD a 6
SXA FIELD*2
TXH U*4931 NUMERIC CHARACTER
TXH W94t2$ SIGN OR DASH
TXH BAD94,2
TXH G6491 PERIOD

E-8
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TRA BAD
F6 TXH X,4,41 BLANK CHARACTER

TXH U94,31 NUMERIC CHARACTER
TXH Y94928 SIGN OR DASH
TXH BAD*492
TXHN 64.1 PERIOD
TRA BAD

F7 TXH Z94,41 BLANK CHARACTER
TXEN W.4931 NUMERIC CHARACTER
TXH EE*4921 SIGN OR DASH
TXN BAD9492
TXL SAD94#1

G AXT 1.2 PERIOD, POINT * 1
SXA POINT,2
TRA 9

H LOG ADORES ADDRESS a 10 X ADDRESS * N
MPY HIO
XCA
ACL CHARAC
STO ADORES
TRA S

I TXM 8430 * SIGN
CLA ADDRES SET SIGN OF ADDRESS
SSM
STO ADDRES
TRA B

J AXT S.2 FIELD a S
SXA FIELD,2
TRA S

K TXH L194,3O 0 SIGN
CLA VALUE SET SIGN OF VALUE
SSM
STO VALUE
TEA Li

L AXT 1.2 POINT a 1
SXA POINT.2

Li AXT 692 FIELD a 6
SXA FIELD,2
TRA B

N AXT 5.2 FIELD a 5
SXA FIELD,2
TRA S

N LO ADDER ADDER a 10 X ADDER N X PRO
mPY HiN
$TO ADDER
TSX T1.4
MPY CHARAC
XCA
ADD ADDER
STO ADDER
TRA 8

P TXN R94030 + SIGN
CLA VALUE SET SIGN OF VALUE
SSM
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STO VALUE
TRA R

Q AXT 1.2 POINT a I
SXA POINT92

R AXT 692 FIELD a 6
SXA FIELD,2

S LXA EXIT92 CHECK DIMENSION
TXI *+1,2,-3
PXA 0.2
SUB DIMENS
TNZ BAD

T TSX TI*4 ADDEROADDER-PROD
CLA ADDER
SUB PROD
STO ADDER
TZE BAD CHECK ADDER
TMI BAD
ADD ADORES
STO ADORES
CLA DIMENS
ADD Hi
STO DIMENS
TRA F2A

TI SXA T4t4 PROD a PRODUCT OF DIMENSIONS
CLA Hi
STO PROD
STA T3
LXA DIMENSo2
TXI *+1,2t-i
LXA X4*4

T2 CAL TS
ADD H1
STA TS

T3 CLA **.4
STA *+I
LDQO
ROL iS
MPY PROD
STO PROD
TIX T29291

T4 AXT **94
TRA 1.4

U CLA POINT TEST POINT
TNZ V
LDO VALUE VALUE a 10 X VALUE 4 N
F4P DECIO
SSP
FAD NUMB
LDQ VALUE
LLS 0
STO VALUE
TRA S

V LXA POINT.4 VALUE * VALUE 4 N/Ii11*POINTI
CLA NUMB
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FDP DEC10
XCA
TIX *-29491
LOG VALUE
LLS 0
FAD VALUE
STO VALUE
TRA DO

W TXII 8.4.30 4SIGN
CLA VALUE SET SIGN OF VALUE
SSm
Sf0 VALUE
TRA 8

x CLA XLOC XIADDRESS) VALUE
SUB ADORES
STA *+2
CLA VALUE
STO
TRA AA

Y AXT 7.2
SXA FIELD.? FIELD *2
TXH GGo4t3o + SIGN
CLA EXP SET SIGN OF EXP

STO EXP
TPA GG

z CLA XLOC NIADORESS) *VALUE X 1O**EXP
SUB AOE
STA ZI
CLA DEC10
LOG EXP
CALL EXPI) '

*F14P VALUE
Zi STO *
AA STZ VALUE VALUE *0

TRA FF
Be CLA POINT TEST POINT

TNZ cc
LOG EXP EXP a10 XEXP N
F14P DEC10

FAD NUMB

MT EXP
TRA B

cc LXA POINT94 EXP *EXP *N/410#0POINT)
CLA NUMB
FOP DEC10
XCA
TIN *-29491
LOG EXP
LLS 0
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FAD EXP

STO EXP
DD CLA POINT POINT *POINT + I

ADD Hi
STO POINT
TRA 8

EE CLA XLOC XIADDRESS) VALUE X 1O**EXP
SUB ADORES
STA EEl
CIA DEC10
LOG EXP
CALL EXP( 3
XCA
FMP VALUE

EEI STO**
PXD 0,0 VALUE *0
TXH *+2.4,30 + SIGN
ssm SET SIGN OF VALUE
STO VALUE

FF STZ EXP EXP a 0
AXT 5.2 FIELD a 5
SXA FIELD,2
CAL ADORES ADDRESS a ADDRESS + 1
ADD Hi
51W ADORES

GG STZ POINT POINT a 0
TRA 0

NH IXA FIELD91
TXL 41.1.1 FIELDul, EXIT
TXL SAD9194
TXL A9i.5 FIELDwS, READ ANOTHER CARD

CLA XLOC FIELDuB, XIADDRESS) a VALUE
SUB ADORES
STA *42
CLA VALUE
STO *0
TRA A

it TXH SAD91,7
CIA XLOC FIELD*7.
SUB ADDRES XIADDRESS) a VALUE X 10**EXP
STA III
CIA DEC10
LOG EXP
CALL EXPO)
XCA
FMP VALUE

III STO 00
TRA A

SAID TSX HPRINT94
PZE PRINT,0915
AX 291

112 SXD *0.1
X1, AXT **,1
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X2 AXT *0.2
X4 AXT #004
EXIT TRA 00.4
M MASK OCT 777777700000
PRINT BCD 3 BAD DATA CARD.**
CARD BSS 12

ADDRES HTR 00

VALUE HTR 00

EXP HTR 00
POINT HTR 00

FIELD HTR 00

COLUMN HTR 00
TABLE OCT 60 BLANK

OCT 0 0
OCT I 1
OCT 2 2
OCT 3 3
OCT 4 4
OCT 5 S
OCT 6 6
OCT ? 7
OCT 10 a
OCT 11 9
OCT 20 * SIGN
OCT 40 - SIGN
OCT 14 DASH
OCT 71 Z
OCT 70 Y
OCT 67 X
OCT 66 W
OCT 65 V
OCT 64 U
OCT 63 T
OCT 62 S

* OCT 51 R
OCT50 O
OCT 47 P
OCT 46 0
OCT 45 N
OCT 44 M
OCT 43 L
OCT 42 K
OCT 41 J
OCT 31 1
OCT 30 H
OCT 27 G

OCT 26 F
OCT 25 E
OCT 24 D
OCT 23 C
OCT 22 B
OCT 21 A

OCT 33 PERIOD
IOCT ? COMMA
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CHARAC HTR "*
DIMENS HTR **

ADOER HTR **
HIO HTR 10
DEC1O DEC 10.0
HI HTR I
PROD HTR **
ANASK OCT 77777
FLOAT OCT 253000000000
NUMB HTR *"
XLOC HTR "
CORE OCT 100001
JJ SYN Xl

END

E-14
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W VI

OE COMPUTER DATA SUBMITTAL FORM

S• Submitted by:. Date:

Program No. Est. Time Classlflcaticn

Special Instructiou_:

Address Value Address Value Address Value Address Value

NOT

I . A v zb de

1. T value of Xro must be aetered as 0, not left blank.2. Decimeal pee. may be omitted If understood to follow dhe rightmost digit.
3. Thievalue 3X 10"$may be eered as .000 orS3-5, noe asS3Xi1"5

4. The factor portion of a value may not contain more than I digits.
5. The 3p0mepotion Of & value must lie within the ran&e *39.
6. Exponemot may be omitted if sero. iN not, they must be slined.
7. Mank cards should be indicated by.

( E-IA
- (REVERSE BLANK)


