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A MODEL OF FLEET DEFENSE BY INTERCEPTOR AIRCRAFT

: DESCRIPTION OF THE ENGAGEMENT

’ A raid consisting of an arbitrary number of eremy bombers and escorts is
: assumed to proceed at a specified speed along some straight path., Surrounding
the bomber force is an envelope within which penetrating interceptors may attack
the bombers with missiles. This envelope is approximated in the two-dimensional
representation of the model by a circle whose radius, RB’ depends upon the range

of the interceptor missiles and the formation of the bombexrs. Because of the
greater range of air-to-air missiles from the head-on aspect than from taii-on,
the center of the ernvelope is displaced a distunce d along the raid direction
from the mean position of the bombers (see figure 1). Escorts {one type only),
if any, are positioned some distance (esceit station distance E) from the center
of this envelope so as to make it impossible for CAP interceptors to attack the
bomber force without envountering return fire. It is further assumed that the
defensive screen of the escorts is sufficiently coordinated that an approaching
interceptor becomes engageable by its proper share of the escort force at some
distance from the center of the bomber envelope. Similarly, this portion of the
. escort fcrce becomes engageable by the interceptor at another distance from the
center.* The distauces are the sum of the escort station distance and the
appropriate head-on escort or CAP missile range, RE or R]. (The head-on

range of CAP missiles against maneuverable escorts will likely be less than that
against bombers. )

~
S

Following detection of the raid by the fleet, CAP aircraft (of as many as two
types) on specific stations arz assigned to the raid at various times provided by
input. The assigned CAP are vectored along the shortest route to the bomber
ervelope, Strict justification of this procedure requires that two conditions be
fully met: 1) that CAP stations are not so close to the SAM zone boundary that
a straight path from the station of an engageable interceptor to the bomber
envelope would pass within the SAM zone, and 2) that the point of arrival a. the
bomber envelope prescribed by shortest-route vectoring is outside the SAM zone
at the time of arrival. Astute CAP stationing will insure satisfaction of the first
coadition, and failure of the second condition has only minor consequences. If
the projected point of arrival of the interceptor at the bomber envelope by
shortest-route vectoring lies within the SAM zone, the intexceptor would ideally
be vectored instead to that point on the bomber envelope which it would reach as this
this point entered the SAM zone. The additional distance the interceptor would

’ travel to engagement in this unusual circumstance is at most the zadius of the
bomber envelope, and in most instances much less, Thus, engagement times
computed on the assumption of shortest-route vectoring will rarely be in error
by more than one missile flight time,

*Partition of the escort force into sections allocated to individually arriving inter- ;
ceptors is modeled by allowing each arriving interceptor to engage, and to be en- :
gaged by, the entire escoxt force, The fire each aircraft xeceives under this some- ;
what unrealistic rule is the same, on the average, as would exist if the opposing i
sides were divided into engagement units with uniform force ratios which fight J

independent battles. o
]
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After engagement has commenced, missiles are launched by each CAP and
enemy escort at vulnerable targets until (a) the aircraft is destroyed, (b) it
exhausts its ordnance, or (c) there are no remaining engageable targets. Indivi-
dual CAP aircraft are disengaged when continued engagement with the bomber
force would cause the CAP aircraft to intrude into the SAM zone of the fleet.

The simulation stops when all bombers have been destroyed, or at a specific time
which, although srbitrary, must be provided by input. This "stop time" can be
chosen to be one of special interest, such as that at which the bomber force
reaches ASM launch range. The model allows CAP and escorts which have
exhausted their ordnance to remain engaged in the role of decoys, or to depart,
at the discretion of the program user. By means of target selection factors
specified by input, both CAP and enemy escorts can discriminate between target
types when more than one type is engageable. This feature is intended to model the
judgment in target selection which both sides can be expected to employ. Escorts
may fire preferentially at the more menacing type of CAP aircraft if it can be
recognized with some degree of consistency. CAP target selection may show a
preference for either escorts or bombers, this preference reflecting in part the
objectives of the CAP pilot and in part. the success of the escorts in frustrating
these objective.

LIMITATIONS

Several facets of air-to-air engagements are not modeled expiicitly. The
use of deck-launched intexrceptors has not been considered separately in the model,
since such aircraft can readily be included by computing their times of arrival
at the periphery of the SAM zone via the CAP corridor from the carrier, and
treating this time as an assignment time and this point on the periphery as a CAP
station. The effects of ECM can be modeled by appropriate adjustments of salvo
rates, missile kill probabilities and CAP aircraft speed. Fuel shortages are not
considered, it being assumed that prevailing CAP cycling practice permits aircraft
on station to perform any mission which might conceivably be required.

Mixed ordnance losads have also not been considered. Where several types
of nrdnance are usable on a single aircrait, they may be accurately replaced by
a single ordnance type with a salvo rate equal to the observed salvo rate for the
aircraft with a mixed load, and a kill probability equal to the average of the kill
probabilities of the individual ordnance types weighted according to the relative
frequency of use. A composite salvo of this sort will give reliable simulation
results except in situations where not all of the loaded ordnance types can be
used, as will be the case before an approaching target reaches the maximum
range of the shortest range weapon. These periods should be inconsequential
unless there are large differences in the maximum ranges coupled with large
differences in salvo rate orx kill probability,

Computer programming requires specification of the maximum sizes of the
CAP and escort forces, and the maximum number of engagement iterations. The
program for the model as now written sets th.ese limits at 50 CAP, 50 escorts
and 20 iterations,
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INPUTS

The data required by the program is entered in 4 groups. The first entry
group contains

a) the initial random number,
GroupI {b) the stop time (in minutes), and
t¢c) the desired number of program iterations.

This data is supplied on a single card in the format (2F10.0, I5). The initial
random number is required by the random number computer routine, which uses
in the generation of a random number the value of the previcus number,

The s\gcc}nd entry group contains
2) the number of bombers,
b) R - the range of the center of the bomber force at time t = 0,

(in miles)
c) 6. the bearing of the center cf the bomber force at time t =0,
Group Ilﬁ (in degrees)

d) & , the raid heading (in degrees),

e) Vr’ raid speed {in knots), and .

f) the distance from raid position at t = 0 to the SAM zone (in
L miles),

This data is provided on a single card in the format (110, SF10.0).

The next entry group defines the combat capabilities of the escorts and
consists of

ra) the number of escorts,

b) the number of salvos per fully-lcaded escort,

c) the salvo rate per escort (the reciprocal of the average time
in seconds between firings separated by a damage assessment
and, if necessary, acquisition of a new target),

Groun f1< d) the kill Lrobability per salvo a:;jainst CAP type 1,

P e) the kill probability per salvo against CAP type 2,
f) RE’ the escort missile range against a target in head-on

aspect, (in thousands of feet'
g) E, the escort station distanc.e (in thousands of feet), and
(1) the target selection factor ‘or escorts.




This data is supplied on a single card in the format (2110, 6F10.0). The second
item (b) is entered in an array listing the number of szlvos remaining for each
escort.

The final entry group specifies the following data for each CAP aircraft:

(" a) the aircraft type (1 or 2),
b) ta’ the assignment time (in minutes),

c) RI’ the range at assignment time, (in mil<s)
d © r the bearing at assignment time {in degrees),
e) VI’ the speed to engagement (in knots),

f) R, the envelope radius for bombers (in thousands of feet),

B!
Group IV ) g) d, the envelope displacement for bombers (in thousands of feet),
h) RI’ the missile range against maneuvering escorts in approxi-
mately head-on aspect (in thousands of feet),
i) the number of salvos fully loaded,
j) the salvo rate (per second),
k) the kill probability per saivo against escorts,
1) the kill prcbability per salvo against bombers, and
m) the CAP target selection factor,
-

This data is supplied on a separate card for each CAP aircraft in the format
(13F6.0). A blank card follows the CAP data deck. The data is entered in the
array CAP (I, J) whose elements are defined in table I. Four engagement times,
CAP (I, 13), CAP (I, 14), CAP (1, 15, and CAP (1, 16) are calculated in the
program; status indicators CAP (I, J), 17<]<22, are set at the beginning of
each iteration of a simulation and are modified as the need arises.

CALCULATIONS

The logical structure of the program is indicated in the flowchart of
appendix A. Several calculations are performed in the program, and those
whose nature is not self-evident are explained below. (Comprehension of the
following discussion will be facilitated by reference to figure 1.)

Czlculation of CAP Engagement Times

The position of the center of the bomber envelope at the time a CAP is
assigned to the raid is, in a Cartesian coordinate system (X axis, north;
Y axis, west),

Xc=chos er+(Vrta+d)cos ® (1)
YC = - Rr sin 9r+(Vrta+d) sin ¢ (2)
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where Rris@warﬁ erthehearingotmecennerofmebomherforceat
o, ¥ is the ra2id heading, Vristhenidspead, t‘istheasaignmentﬁme. and
d is the displacement of the envelope center from the center of the bomber
force. The coordinates of the assigned CAP are

XI = R‘I cos 81 (3)
TABLE I

Aray CAP (1, J)
CAP(, 1) = Aircraft type
CAP ({1, 2) = Assignment time
CAP (1, 3) = Range at assignment ime
CAP{, £) = Bearing at assignment time
CAP (1, 5) = Speed to Engagement
CaP {3, 6) = Envelope radius for bombers
CAP (1, 7) = Envelope displacement
cav (i, 8) = Missile range against escoris
CAP (8, 9) = Number of salvos fully loaded
CAP(, 1) = Salvo rate

CAP (3, 11) = Kill probability of salvo against escorts
CAP (1, 12) = Kill probability of salvo against bombers

CaP(, 13) = Target selection factor for CAP
CAP (1, 14) = Time CAP can fire at escorts
CAP (1, 13) = Time escorts can fire at CAP

CAP (1, 16) = Time CAP can fire at bombers

CAP (1, 17) = Time CAP disengages

CAP(l, 18) = Operating (1})/Killed (0)

CAP (I, 18) = Engaged offensively with escorts (1)/Unengaged (0)
CAP (I, 20) = Engaged defensively with escorts (1)/Unengaged (0)
CAP (i, 21) = Engaged with bombers (1)/Unengaged (0)

CAP(I, 22) = Armed (1)/Unarmed (0)

CAP (i, 23) = Number of salvos remaining

o6




Y; = -R; sin BI (4)

where R; is the range and GI is the bearing of the CAP at t.. In a frame of

reference which leaves the raid at rest, the distance the CAP must travel to
the center of the bomber envelope is

b= J(Xc "XPZ”YC 'YI;Z_ )

The distance the CAP must travel to engage the bombers is

D, =D - Ry 6)

where RB is the radius of the envelope within which bombers are vulnerable,
The distance the CAP must travel to engage the escorts is

De=D-E-R1. (7)

where E is the escort station distance and RI is the range of the CAP missile

against escorts in a head-on aspect. The CAP becomes engagable by escorts
after traveling a distance

DI=D-E-RE, (8)

where RE is the range of the escort missile. The speed of the CAP in the
moving frame of reference, Vl" raust satisfy the relation

— , —r 2 _
vy +vR=vE, 9)
where VI is the ground speed of the CAP, This condition may be rewritten
'2 t \ ] 2 =
VI +2 (VIx VH + VIy vry) + Vr

2o i Y v 2.2 -2
VT2V VL [(Xg - XPcos @ - (YY) sin @ ]/D+V_ = VI =V[. 4

Solving for VI" one obtains

v =By B +VE- V2,
I I r

(11)
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where:
B= [(xC -XV_cos & - (Yo Y}V _sin ¢j/D. (12)

The engagement times are thus

CAP (1, 14)= De/VI’ (13)
CAP (1, 15) = DI/VI' (14)
CAP (1, 16) = Db/VI'. (15)

Calculation of CAP Disengagement Times

(3

The CAP is disengaged when the center of the bomber force moves a distance
(RB - dj within the missiles-free zone, This criterion for disengagement is

steictly valid only when the heading of the raid is perpendicular to the missiles-free
zore boundary, a condition which shouid usually be met, at least approximately.
Serious departures from normal entry can be taken account of by the use of an
adjusted boundary. If the distance from the raid location at t = O to the SAM

zZone :3 Ds,the disengagement time is

CAP (1, 17) = (DS + RB - d)/Vr. (16)

Identification of Firing Aircraft

The probability that a given aircraft fires a salvo is assumed to be propor-
tional to its salvo rate, providing it has an engagable target. This assumption
is the basis for determining which side, and ultimately which individual aircraft,
is responsible for a given salvo. The ratio of the total salvo rate of ail engaged
and armed CAP aircraft tec the total salvo rate for all engaged and armed air-
craft, both CAP and escorts, is computed. A random fractional number is
obtained, and the salvo is attributed to CAT or escorts according to whether the
number is less than or greater than the computed ratio, If the salve is fired
by escorts, this number is used to identify the firing aircraft. If the salvo is
fired by CAP, a second randora number is compared with the appropriate salvo
rate ratio to determine the type of CAP aircraft responsible for the salvo,

This number is then used to identify the firing aircraft,
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Where N 3 argets of type 1 and N2 targets of type 2 are engagable, tie
ratic N 1/ (N 1t 6N2) is computed, ¢ being the target selection facter for the firing
aircraft. A random fractional number is obtained, ard if it is greater than this
ratio, a target of type 2 is selected, Otherwise a target of type 1 is assumed.
Target selection factors are evaluated on the supposition that CAP aircraft
regard bombers and escorts, and escorts regard CAP type 1 and CAP type 2,
as targets of types 1 and 2, respectively.

Kill Assessment

A random fractional number is obtained, and if it does not exceed the
appropriate kill probability for the salvo, a kill is credited. Where the target
is CAP or escorts, the random number is also used to identify the downed
aircraft,

Time Advancement

Following the salvo whose effects are evaluated between points B and K in
the flowchart, the time interval to the next salvo is calculated. This delay is
computed on the assumption that the probability that a salvo is fired within any
small time interval At is S At, where S is the total average salvo rate of all
aircraft which remain operating and armed after the previous salvo. The
assumption that this probability depends upon time only through the value of
the salvo rate produces a Poisson cumulative distribution of delays 8, namely

Prfs < 5°| =1-¢ °. (7)

This assumption is 2lmost certainly incorrect for a single aircraft; following

the firing of a salvo, there is a period in which another salvo eannot be fired

by this particular aircraft either because of the need to assess damage or to
acquire another target. Thus for a single aircraft, extremely short delays

do not occur. Moreover, extremely long delays should not occur, even though
they are recognized as possible in equation (17). Equation (17) therefore cannot
accurately represent the form of the distribution of delays for a single aircraft.
However, a knowledge of the proper distribution is not needed to generate an
acceptably accurate distribution of the time required to fire a given number of
salvos. Any distribution of delays for an individual aircraft which does not
reflect near regularityin the salvo interval will generate the same distribution
of times required for a given number of salvos as the distribution of equation
(17), except at times which are so short as to be comparable to the average

time required te fire a single salvo. If the number of salvos is not small, errors
in the distribution at such short<times will be of little consequence. If the inter-
val between salvos is quite irregular, as should be the case in a combat situation,

-9-
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a distribution of required times accurate enough for the purposes of the model
can be expected after only two salvos. For this reason, equation (1) can be
taken as the cumulative distribution of delays without risk of serious error.

The delay is determined in the following manner. A random fractional number
R is procured, and the delay é is computed from the relation

=-[log1-R)1/s . (18)

The value of § obtained in this way has the distribution defined by equation
(17).

OUTPUT

After completion of the desired number of iterations, the number of escorts,
bombers, and CAP of both types destroyed, together with the numbers of escorts
and CAP which have exhausted their ordnance, is printed for each iteration.
The mean and standard deviation of each of these quantities is then computed and
printed.
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FLOW CHART OF AIR-TO-AIR ENGAGEMENT MODEL
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PROGRAM AJRAIR _
D?:gMS!aNlCAP(50323)o ESCARM(50), ESCOP(50), NESRSL(50},

NEDESL(20), NCDES2(¢(2¢), NCPUL1(20)s NCPUL2¢20%, NESDES(20),

i
4

NESUNL(20), N:OMDS(20)

READ 10, RANONE, TSTOP, ITERAT

10 FORMAT (2F10,0,15)

RMAT (110, 5F10,0) o
H ;glg 14f te%c. NESCSL, ESCSLR, ESCPKL, ESCPK2, ESCURG, ESCSTA,

1
14
16

15
17

20
18

ESTIS?H
FORMAT (2110, 6F10,0)
DO 15 124,50
READ 16, (CAP(I,J): JB1,13)
FORMAT (13F6,0)
'F (CAP(1,5),EQ,0,) GO YO 47
CONTINUSZ!
NCAPS] =}
NCAP1=)D
NCAP2ED
MBAMNS=®)
MESDESs®)
MESUNL=)
MCDES1s)
MCDES2s)
MCPULL=)
MCPUL2:2)
SSROMDSs0,
SSESNESs=D,
SSES.JUNL=0,
SSCDESLs0,
SS0DES2:0,
SScPuUL1 20,
SSCPJL220,
np 18 124,NCAP
IF (SAP(1,1),6T,1,) GO YO 20
NCAP12N2ARL+d
GO T2 13
NCAP22NIAR2+Y

NTINUS:
Sghg:RGQADtCOSF(BRGRAD/57,29578)
YRAD®=R3RAD*SINF (BRGRAD/S7,29574)
VXRAD=VIAD*COSF(HDGRAD/S7,29578)
VYRAD=«yRAD*SINF tRDGRAD/57,29578)

COMPJTE ENGAGEMENT AND DISENGAGEMENY TIMES

DO 25 1s3,NCAP

READ 11, \BOMB, RGRAD, BRGRAD, HDGRAD, VRAD, DISTsu

XCENASsKRADe (VRACCAP(1,2)/760,+CAP(]1,71/6,076)*COSF (RDGRAD/

1 57,29578)

YCENASsyYRAD«(VRALYCAP(1,2)/760,¢CAP(1,7)/6,076)*SINF(HDGRAD/
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1 57,2357%)
!CLPLSa:13(i.S\GcOS?!C&Pl!;Gll!?;lzsggzl
sP1S52-CAP(1,;3)eSINFCAP(],¢4)757,20
;Eﬁttgcitr((XCEMAS-XCA?AS)co:o{!C!ﬂgSaYc&pAssotzi
Re((YCEWL5=XCAPAS) eYXRADe nssxu-m;ﬁ ; ;vvnn:fm?
~ 1Py 2 e+ STRIF{E2e2¢TAP( . SieeQe¥R D0t
ziéllzis):CAP(!a2)0(DISY-Ci?€136216,0?0§I(Vtirﬁv152,)
C10(1,34)3CAPL1,8)+IDIST«(ESTSTAeCAPS]+3))/6,875/(VCAPMVIAD,)
C12(1,13)3CAP{1,B)e{DIST-(ESCSTASESSNRG) /4,574 /7 {VvCAPNYV/50.)
CAD(1217)3{DISTSFe{CAPL ] 63eCAP{1.723/8,0243/(¥RADSED,)
Catl RaivSzT (RaAMNCGXE)
CL2 C24RT JUICTION &
g £1933 ITINSx:,;iTERRT
yRnwIz ¢F IS
WS TI%0) 2¢
wFESCTEwIST
YESEW ST
WEEPsSeiTiNDza
wz Syuk (ITINGIZR
wDEe 2Y¥= 3
FSTI =uIS2CL
TSEIC=ISIOL+ESCSLR
ng 26 [=x%,NESC
FSTaAIMI]Yz1,
FSTR2(1)=1,
2~ WEIRSL (]I zHESCSL
NCRESL(1TIND)2E
ZNCRES2(iTINDIZD
wCoY 1E3TiN0I=E
wC2y, 2C1TIND) =0
5 2% I:21,%NC4P
cxPii, 13121,
raP{1,13)30,
£12(1,23))30,
c2o(1,%1)1z0,
cao(1,722121,
32 £25(1,2313CAPL1,9)
TI%£s23,
F 2 C=g2T JU<CTIuA B
SETEIYINF NEXT E~GAGEMENT TIME
3~ Tevpszi, 29
T rg 3 1:21,NCAP o 19 32
£ (vESIC,FR,.5) 6T Ti
:F :::9(1,14)=CA?1l,tsaeCAP(I.zz).LE.TIHE) Go To 35
15 (~&P({1,14),6E*TENP) GO 70 35
Te«Pelid({],514) ¢ To 32
s \£339.,E9,0) d 2 ‘
’ ig ::A°(l,;5)'CAP(1318),LE.T!HE) Gu T0 32

V]
N

B-2

It T G (L S e T A O D S R T A e
A A AR A ALERS e S AT AL A TS NI W PAFAMA R A S AR ITT I T, S Y

VLA RO ANRT EE




IELTEXAPAELIEY €4 2oy

IF (CAP(!},15),GE?*TEMP) GO TO 32
TEMP2CA3(],15)

32 IF (’AP(I.lé)'CAP(! 18)2CAR(1,22),LE, YIHE) Go T 39
IF (SAP(1,16),GE,; TENP) G0 T0 3¢
TE4PsCA3{],16)

3L CONTINUS
TIME=TEWP
IF (TI4:,3T,TSTOP) GO To 100
No 40 T=21,NCAP
N0 40 Js14,16
IF (CSAP(1,J).NE,FIME) GO 7O 40
CAP(1,J+3)=1,

45 COMTINUS
FLAW CHART JU~NCTION C
NETEIMINE WHICH SIDE SKHQOTS

31 NTEST={

CPEOL1=].,

CPFQL22) .

IF (\8S822,GT7,0) GG 1O 46

B0 45 lst,NCAP

1IF (2AP{1,13,6T,1) GO0 TQ 43
CPEOL1=23PE0L1+CAF(1,21)+CAP(1,22)2CAP(1,18)
SRCA&D1=242{1,10)*CREDLY

G0 TN 43

43 CPEQL2=3PE0L2+TAP(],21)+CAFP(],22)2CaAP(],18)
SRLAS22242([,10)*CRENL2

4% COVIINY:

GO0 T2 5)

4%~ DO 4% 1:=z1,NCAP
1IF (RAR(1,20)*CAP(!,18),EQ,1,? NTEST=2Y
IF (CAR(T1,1),6T,3,) Q0 To 47
CPROL1sIPZ 0L1*(CAP<I.19)*CAP(1 21)=CAP(],19)¢CAP(],21))+CaP(],22)n

i CAP(I,18)
SRCAPL=242(]1,10)+CPEOLY

L g

GO T2 43
47 CPEQ_283P30L25(CAP(1,19)«CAP(1,21)=CAP(]e19)*CAP(1421))4CAP(1,22)
1 CaP{1.18)
SKCA®2z343(],10)«(CFEOL2
4% CONTINUZ
IF (\NES3S0..EGC.0) GO YO 50
1F (MVTEST,EQ,0) GC TO 590
-a«-KRPAP1+SRuAP*¢TSRESc
IF (VDE_PY,EG.1) 6O TO 97
TESTAE= (SICAP1+SRCAP2) /TSR
CALL RANUMB(X)
1 (X RT.TESTCE) 75,52
FLOw CHART JUNCTION D
59 TSPsSRCAP1+SRCAPE

B~-3




——— —

51 IF (VMDE_AY,E0,1) GO TO 97
c CAP SHO)JTS
52 TEST1Z233RCAP1/(SRCAP1+SRCAP2!
CALL RANUMB(X)
IF (X,8T,TEST12) GO TO 56
c CAP TYPZI 1 SHULOTS
NZONES(SPEOL1*X/TEST12) ¢4,
Kz
D0 55 Msi,NCAP
183 ('AP(Hpi) NE,t.) GO 70 5%
1¥ (\ES50,5Q,0) GO YO 53
J= (CAP(4:;9)tCAP(H:21}'CAP(M119)*CkP(H021))'CAP(N.18!QCAP(M,22)
GO TD 5¢
53 J=CA2(M, 21)*CAP(Fo18)tCAP(M.2¢}
54 K=xXeJ
IF (X,E3.,NZONE) GG TQ 60
55 CONTINUSI
c CAP. TYRPS 2 SHOOTS
56 NZONET(IPENL2%{12~X)/(1,°TEST12))+1,
K=0
no 5¥ 4z1,NCAP
IF {(CAP(M,1)(NE,2.,) GO TO 57
IF (\NES30,EQ,0) GO TO 58 -
J::CAP‘W.iezeCAP(M 21)°CAP(M,19)¢CAP(Ms2L))«CAP (M, 18)eCAP(},225
GO T2 53
58 JzCAP(M,21)*CAP(M,18)«CAP(M,;22)
59 KzKeJ
IF (X,E3.NZONE) GO TO 69
57 CONTINJZI
6) CAP(4,23)3CAP(M,;23)e1,
IF (CAP(M,23),NEs04) 60 TO 63
CAP{v,22)30,
IF (CAP(M,1),GT,4,) GO TO 4%
MC”UL1(271N97GHUFUL1(]TIND)¢1
GO TO 62
61 NCPUL2(ITIND)=NCPUL2(ITIND)+4
672 CONTINUZ
c NISENGA3IE EMPTY CAP WITH NEXT CARD (500)
500 CARP(%,13)s0,
FLAW CHART JUNCT!ON E
C CAP SHNITS AT BOMBER OR ESCORT
63 IF (CAP(M,19),EQ,d,) GO TO 70
IF (VES30,EG,0) O TO 790
IF (CAP({M,21),EQ50.} GO YO 65
RO“BN=N3IOMBO
FSCO=NESCO
TESTER330MR0/ (BOMBOACAP(M,43)*ESCO)
CALL RANUMB(X)
If (X,L2, TESTEB) GO TO 70

B-4
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65

66
67

TAk

75

77

AQ0
601

7R

CAP SHNJITS AT ESCORT

CALL RAVUMB(X)

IF (x,5T.2AP(M4,11)) GO TO 90
NZNNE=(SSCO0xX/CAP (M, 11))+1,
K=

N0 66 Nzl ,NESC

J=FS20RP(\)

KX+ )

IF (<,FJ,JZONE) GO TO 67
CoNTINUS

ESHO2(N)=D,

NESCN2V:ESC0-1

MESCPL=VESCOL=-1
NESDSS(ITIND)=NESDESCITIND)+1
TSRESC=TSIFSC-ESCSLR«ESCARM(N)
GO T2 )

FLOW CHART JUNCTION F

CA® SHOJTS AT BOVHER

CALL Rayu4B(X)

IF (¥,8T.3AP(M,12)) GO YO 90
MROMRG= yRIMBO=-1
NBOMPS(ITZND)=N8CHDS(ITIND)*1
IF" (VBN4BI,EQ,0) 100,90

FiNw CHART JURCTION §

ESCORT 3HJO0TS

FSCOLsNESTOL

CALL RAYUMB{X)
AVZNNEs(2SS0LeX)*l,

Ke=ig

nn 74 pL=1,NESC
J=FSTARY({_)#ESCOF (L)

Kek+J

17 {(X,B3),NZ0ONE)Y €6 TC 77

CONT INUS
NESRSL( ) =NESRSL(L)e1

IF (VESISL(L),NETC) GO TO 78
FSCAIM( =0,

NESUNL (I TING)YSNESUNLEITIND Yo
TSRESC=TSIESC~ESCSLR
NESCHL=VESCOL -1

NISEMGA3F UNARMEL ESCOHT WITH FOLLOWING CARDS (6U0,671)

ESCOP(L)=0,

NESCN=NzS5C0-1

FI.OW CHART JUNCTION H

FSrORT 3HJ0TS AT CAP TYPE {4 OHR 2
CAPDE1=),

CAPDEZ2s=).,

Do 79 1:1,NCAW

IF (CAD(1,1),6T,1,) GO TO B0
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CAPDELxSAPDEL+CAF(1,20%CAP(},18) g
GO 1ID 79 :

CAPDE2=3APDRE2+CAP(1,20)¢CAN(],18) d %
COMTINJ S O g
TEST1223A9DE1/ (CAPDE1+ESTSF+CAPDER) i
CALL RANUMB(X) - 43

IF (¥,nT.,TEST12) GO TO 85
FSCORT 3SHJCGTS AT CAP TYPE ¢

CALL RawU'vB(X)

1F (¥,537T.2SCPK1) GG 10 90
NZAINES(JAPDEL1*X/ESCPK1) et ,

K=z0

N0 82 131,NCAP

IF (CAP({!,1),NE 1,) GO TO 82

JzCAP(1,23)+CAP(,138)

KsK+ )

IF (<,EJ«NZONE) GO TC 83

CONTINUVE.

Cap(1,13Y2),

enESICITING)ENCRES1CITIND Yot

83 19 9) .
FSrQlTY 3HJIOTS AT CAP TYPE 2

CALL RANUMB(X)

IF (Xx,5T.25CPx2) GC Tg 90 .
MZINES(SAIDE2«X/ESCPK2) e,

LE 3]

DY 85 131,NCAP

IF (ZAP(1,1),vE,2,) 50 TO 86

JafAd(1,20)+CaAP(1l,18)

Kzde )

IF §<,FE2.,V20%NE) GO TO 87

COMTINIS

CA9(1013,t0.

NCNES2CITIND)=NCDES2(ITIND)Y 1

FLYA CHART JUNCTION K

TARGSTS AvAILABLE T EITHER SInE

Ny 9¢ 1=21,CaP

IF (SARP(1,21)rCAP(],22)«CAP(1,18).E,0s) 50 Tn 94 .
IF (VES30,59,0) GD TN S%

IF (RAR{1,19)«CAF(1,22)+CAP(I,12),VE0¢) GO TO 94
IF (VERSULER,0) GO TO 91 .
IF (ZAP(1,20)+CAP(!,13)} ,NE.0.,) GO TQ 94

COMTINNZ

66 1% 23

ANVANCE CL.0CK, ADD CAP SNTRIES

NPELAYE Y

G0 T 4}

FLOW CHART JUNCTION L

MDFLAYR)

AL AL




CAI L RANUMB(X)
NELAYS=(1LIGF(1=X))/TSR
TI4E=TIvE+DELAY
IF (YIM2,3T,TSTROP; GO TO 100
nQg 9% l=z1,NCAP
o nn 938 J=14,16
1IF (ZARP(1,J),LE,(TIMEeDELAY)) GO TO 98
IF (Ca2(1,J).6T,TIME) GO TO 98
CAP(],.1e5)=21,
GR COMTINEZ.
N 99 1:=1,NCAP
IF (ZAP(I,17),GT;1IME) GO TO 99
CAP(1,13)=0,
99 CUOMTINLE
G0 T2 44
c FLNW CHART JUNCTION M
100 MBNMISz«RIMDS+N2CHDS(ITIND)
MEQD=S=vFSDES+NERDESC(ITIND)
MESUNL=MESUNL+NESUNL (ITIND)
MCNES1=vCIES1+NCDESTIC(ITINMD)Y
* MCNES2=vCDES2+NCEES2(ITIND)
MCPULL1=vCAULTI+NCHUL1(ITIND)
MCPRPUL2=%CAUL2+NCPUL2(ITIND)
Y=ABOMDSCITIND)®*2
SSRO4DS2SSBOMPS+!
Y=VESDES(ITIND)**2
SSFSRES=SSESNES+Y
q: Y= IESUN _(ITIND)®P2
7 SSESJINL zSSESUNL+Y
EiE Y=uCDESICITIND)Y#%2

%,
34
i
(e B

%4 BTN S it s i\ o i

SRR A T dh

o o % N ——
R TIAT T Y
.

Ef SSHNES1:SSCDESL+Y
2 SVCNES2(ITIND)#*2 :
Gz 5STNES2=SSCDES2+Y s
E Y=vCAULL(ITIND) %2
R 5SCP iL1:S3CPLLL+Y
i Y=UCOUL2CITIND ) #we2
: 5SCPJL22SSCPUL2#Y
1 1000 COMTINUS.
A: c COMPUTE AVERAGES AND STANDARD DEVIATIGNS
4 ARNMDS=4324DS/ ITERAT g
1 AESDIS=vESNES/ITEKAT %

ndaor

AFSUML=¥ESUNL/ITERAT
ACNES1=vCDES1/ITERAT
ACNES2=vCOES2/ITFRAT
ACPULL1=4CAULL/ITERAT
ACPUL2=4CAUL2/ITERAT

X=1TERAT

SDAOMDS=SIRTF ((SSBEAMDS»X*ARONDS)/ {%wt,; )}
SDFSPESeSIRTF (S ESDESeX*AESDES Y/ (Xel, )}
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SDESUNLESARTF ( (SSESUNL=X*AESUNL)/ (%el,))
SDCDESL2SARTF( (SSCDES1«X*ACDESS )/ (Xl 2)
SPCDES28SHRTF ((SSCDES2«X*ACDES2)/ (Xel,))
SNCPUL1eSIRTF((SSCPULL=X*ACPULL)/(Xwl,))
SDRPJL22SARTF( (SYCPUL2=X*ACPUL2)/ (Xn1y))
SRINT 4)51
1051 FOMAT (63H BOMBERS CAP TYPE ¢ CAP TYPE 2
1 3SS0RTS)
PRINT 1352, NBOME, NCAPL:; NCAP2, NESC
1052 FORMAT (7X,15,9%X516,14X%,16,15X,15)
ORINT 1353

1053 FORMAT (75HQRUN DESTROYED DESTROYED UNLOADED DESTROYED UNLOADED

1 NESTRIYSD UNLOADED)
D0 1755 121, 1TERAT
PRINT 1354: I, NBOMDS(l), NCDES1(€(I), NCPULL(1), NCDES2(I),
i N3P _2(1), NESDES(]), NESUNL(I)
1154 FORMAT (1%, 12:3X61%,6X:15,4X,15,6X,15,4X015,6%,193,4%X.15)
1155 CO~TINUSZ
SRINT 11356
1956 FOIMAT (40HO AVERAGES)
PRINT 1357, ABOMBS, ACDES1, ACPUL1, ACDES2, ACPUL2, AESDES, AESU™L
1057 FOSMAT (SXaF7,1s%XaF7,3,2XsF74104X0F7:202%0F7,1,4X0F7,1,2X.F7,1)

PRINT 1338

1052 FGAIMAT (46HO STANDARD DEVIATIONS)
PRINY 1337, SDBOMDS, SDCDES1, SDCPULL, SDCDES2., SDCPUL2, SDESDES,
1 SDESUN.
END
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