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A DESCRIPTION OF AN A&W MODEL AND ITS CLASSROOM USES.

Alvin F. Andrus
Naval Postgraduate School

Honterey, California

Abstract
A probabilistic event store computer sim iatlon of the
interactions between surface-to-air missile systems

and aircraft in a non-jamning environment and over

filat terrain 1is presented.

The purpose of the model

is to teat the genaral disposition of the missile

areas and the associated missile system reaction times

against an aircraft attack.

The model is used as

text material in a simulation course. Several model

applications are included.

1. INTRODUCTION

The model presented in thie paper ia an
event store computer simulation of the inter-
actions between surface~to~-air missile systems
and aircraft in a non-jamming environment and
over flat terrain. The model 1s programmed in
PORTRAN. 'The puxposc of the model is to test
the general diséoaition of missfle areas and
the associated mimsile system reaction times
against an aircraft attack. The model is a pro-

babilistic monte carlio simulation. That is,

the guccess or failure of a probabilistic event
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is determined in the model by comparing the
numerical value assigned to the probability of
success or failure to a program generated raundom
number. The model was constructed as a classroom
aid to be used in a graduate course on system sim—
ulation as applied to military conflict situ-
atione. The motivation behind the construction
was to provide a model that would be complex
enough to be interesting for the student to use
and at the same time simple enough to illustrate

the programming techniques of computer simulation



model building.

2. PLAYING AREA

The playing area for the model is a pie
slice portion of a circle. The center and radiue
of the circle and the central angle defining the
pie s8lice are inputs. The numerical restriciions
within the computer program are such that the

central angle and radius must be less than 180

degrees and 1000 miles respectively,

3. OFFENSE

The offense consistgs of as many as twenty
alrcraft. These aircraft fly through the playing
area in an attempt to penetrate a set of missile
defenses. The entry points into the playing
area for the aircraft are generated uniformly
over the arc of the circle defined by the playing
area. The flight patk for each aircraft after
it enters the playing area is to fly straight
toward the center, (GX,GY). The spacing time
between aireraft and the speeds and altitudee
of aircraft are generated uniformty between
their respective minimum and maxiwmum values.
These minimum and waximum values are inputs to
the model.

The aircraft in the wmodel play a passive
role and serve only as the set of stimuli needed
to cause the missile systems to act. These air-

craft do not defend themselves against missile

attack nor do they attack the missile areas.

4. DEFENSE

The defense consists of as many as three

migssile areas with their assoclated missile
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systems. These missile areas need not be located
within the playing aies; however, since only the
resuits of interactions occurring within the
plaving area are considered in the model, the
sphere of influence of the missilc arsa must in-
cluds some portion of the playing area in order
for the misslle areas to exert any effect on tie
gimulation resulres,

Agssociated with each missile area are the
paraneters needed to describe its missile system.
are inputs to the

The values of these parameters

model, and the parameters are:

(1) Search radar maximum range.

(2) Missile maximum range.

(3) Missile average speed.

{(4) The number of tracking radars.
{5) The number of missile launchers.

(67 Maximum and minimum time required to
reload a launcher.
(7) Maximum and minimum time required to
assess a target after missile interxcept.
(%) Missile single-salvo kill probability.
The significant time delays inherent to the
missile systems included in the model are:
(1) Reload time: The amount of time re-

quired to reload a missile launcher.

The amount of time

{2} Acquisition time:

required, once an aircraft is observed
on the search radar, tc transfer the
aircraft as a target to an availabie
tracking radar.

The amount of time

Asg2ssment time:

(3)

the tracking radar must remain trained



on the taiget after missile intercept
in order for the result of the ilnter-
cept tc be observed.
In the model all of these times are assumed
te be uniformly distributed between their maximum

and minimuem values, which are inputs to the modal,

5. ASSUMPTIONS

it ig an sssumption of the mcdel that all
aircraft are cobserved by all missile aveas sub-
ject to the aircraft radar horizon and the
wiggile area gearch radar maximum range. It is

also the case that in order to fire a misaile,

or salvo, at an airecraft:

(1) The aircraft must be obaserved at the
time of fire.

(2) A missile launcher must be loaded.

(3) A tracking radar must be free in crder
to be used for full couree missile
guidance.

(4) The intercept point must be within the
misslle maximum range circle.

(5) The aircraft rust nct be past the

point of closest approach to the mis-
sile area at the time of fire.
The firing doctrine for a missile system is
shoot-look-ghoot at all avallabie aircraft.
That 18, when a missile area has launched a
salvo against a target no new salvos against
that, target will be launched from that missile
area until that salvo has intercepted the target
and the resulte of the intercept have been as-
segged.

The aircraft are selected as targets,

within the missile launcher and tracking radar
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superical restrictions, on a first-come first-
served basis. The model does not inciude slti-
tude or minimum range regtrictions on the missile,
An 1liustration of the playing erea with &
typical missile area and alrcraft flight path 1s

included as Figure 1,

6. CAME DOCTRINE

With the input parameter values assigned the
model considersg the interactions that occur in
the playing area between the miselle systems and
aircraft. For the given sef of defensive and

of fensive parameters the required number of air-
craft will enter the playing area at points,
times, apeeds and altitudes generated by the

computer program. 7Tuis set of aircraft will then
proceed directly toward the center, (GX,GY),
passing through the missite defenses.

One compiete pass through the computer
simulatlion with one set of aircraft is referred
to as a replication. To generate data for stat-
istical purposes, at the completiocn of & re-
plication the computer program will generate a
new get of aircraft and using the same get of
input values will produce another replication.
The desired number of replications is an input
value and must be less than twenty-one. An
eatire set of replications for a given number
of aivcraft is referred tv as a run. For each
run the model dutput congists of any of the
following forms of output:

{1) Battle History: An event history of
each replication containing the gen-

erated events or the battle in the



order in which the events occur and

are generated.

{2) Standard: A4 compilation of each re-
plication containing all aircraft
initial conditions and the number of
salvos fired by each missile area at
gach aircraft and the identification
of the miasile area responsible for
killing each aircreaft.

(3) Summary: A summary of information,

by totals with respect to replicztion,
for each run including the sample
mnean, variance and standard deviation
of all totals presented.

The computer program will make as many
runs as desired with an increased number of
aircraft for each run. The number of aircraft
in the first run, the increment for the number
of aircraft in each new run, and the number of
runs are input values, Each new run 18 con-
sidered by the model to be an extension of the
previous run, that is, if run three contained
seven ajircraft and run four is to contain nine
aircraft, then for all replications in run four
the first seven aircraft will have entry points,
altitudes, speeds and times identical to those
replications in run three, etc. The random
numbers used in the replications of a rum in
order to determine the outcome of probabilistic
events are used agein in the replicaticns of a
new run, In this manner it is hoped that any

changes in the results between runs can be

attributed to the incresse in the number of
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aircraft rather than to the deviations of the sets
of random numbers used, The model contains two
misaile firing procedures. 7These procedures are
referred to as uncoordinated sad coordinated and
the procedure used is determined by the user as
an input to the model. The uncoordinated migsile
firing procedure allows all missile areas in the
simulation to fire missiles at all aircraft that
can possibly be fired upon while the cooxrdinated
missile firing procedure allows a missile area to
fire wmissiles at an alrcraft only if no other
missile area is currently engaging that aircraft.
When the user electsg to employ both procedures,
they are not intermixed in the simulation but
are run separately znd the same sets of alrcraft
and sequences of random numbers are used in the
corregponding replications and runc of the gim-

ulation so that differences in the results can be

attributed to the procedure used.

7. EVERNTS
As meuntioned earlier the model is an event
store computer simulation, 1l.e., all actions
that are to occur in the simulation are dyna-
mically generated by the computer program as a
result of previous simulation actions and are
listed chronoclogically in an Event Store List.
Each of the actions included in the simmlation
aggumes the form of a cowmputer program sub~
routine, called an event, and the information
pertaining to the action on the Event Store List
is the information needed to execute the proper
subroutine.

There are only four major actions

included in the model as events ard these events



are:.
(1) V¥ire Miasile Salvo.
(2) Missile Intercept.
(3) Reload Missile Lauucher.
(4) Free the Tracking Radar from an Inter-

cepted Target.
Each of the computer program subroutines repre-—
senting these events uses as input parameters

the following information:

(1} Time event i8 to occur.

(2) 3Identification of Bvent.

{3) Identification of Alrcraft.

(4) 1Identification of Missile Area.

The dynamic procesa of simzlating one air
bactle from start to finish forms the executive
routine for the computer simulation. This exe~
cutive routine consists of two program sub~
routines referred to as SNE and INE. SNE, Store
Next Event, is the subroutine that takes the
generated information partaining to an inter-
action and properly places this information on

the Event Store List. TNE, Take Mext Event, is

the subroutine that, at the completion of anyA.

of the four events, interrogates the information

on the Event Store List and transfers control

of the aompute; program to the proper subroutine.
General flow charts describing the logic

included in each event of the simulation plua

the interrelationship of events are included

as Figure Z through Figure 6.

8. MODEL RESULTS
In this section a typical application of
the model is presented. BSasic to this discussion
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are the set of model iunputs contained in Tatle 1.
The poeition_of the missile sites is iliustrated
in Figure 7. The neasure of effectivencss used
in thie presentation is migslle gsystem effective-
ness deflned as the percent of aircrarft killed

[

averasged over the replications. Using this basic

input as a starting scenerio we chall use the

model to investigate trade offs in the values

of the missile system parameters in an effort to
maintain migsiie system effectiveness at a

minimum value of .95.

8.1 Missile Kill Probability: In order to
determine an effective minimum aFceptable nissile
ki1l probability for the missile system the mis-
slle k111 probability wss veried from 35 to 93
percent while &ll other parameters were held

constant. The results of the model, l.e. the

bpercent of aircraft kiiled as & function of

missile kill probability for four raid sizese, are
displayad in Figure 8. As expected, the pexrcent
of aircraft killed increases with increasing
missile kill probability.

In Figure 9 18 the graph of the percent of
aircraft killed as a function of raid size for
the migsile kill probabillities of 35, 65 and 95
percent., From the graph it can be seen that
for each of these misgile kill probabiliities
the saturation raid size for the wigsile syatem
appearg to be between 10 and 15 aircraft, {.e.
the percentage of aircraft kilied seems to begin
decreasing in this range indicating the missile
system beging to lose effectiveness for vald

slzes large% than 10. 1t can also be sean that



there isn't much difference between the coordin-
ated and uncocrdinated firing modes. This is due
to the position of the missile sites and the
range of the missile in the scenario, i.e. these
constraints are such that very few aivcraft are
simultaneously considered as targets by more than
one misgile site, It should be noted that for
the 65 percent missile kill probability that
missile system effectiveness is not at the
desired level of 95 percent. Maintaining the
misgile kill probability at 65 percent, we shall
now look at other parameters of the system to

determine their effect on missile system effec~

tiveness.

8.2 Missile Speed: The missile average speed
was then varied from 600 to 1300 miles per hour.
The effect on missile system effectiveness for
the four raid sizes is graphed in Figure 10.

The results indicate, again as expected, that
the percent of aircraft killed increases as
missile speed increases but is stili below 95
for t'.e rald size of 20, Figure 1li contains the
graph of missile system effectiveness as a

function of raid size for the selected missile

speeds 600, 900 and 1300 miles per hour,.

8.3 Aircraft Speed: Employing a missile speed
of 1300 miles per hour and a missile kill pro-
bability of 65 percent the sensitivity of the
system was tested against aircraft speed. The
model was run varying aircraft speed from 350 to
1050 miles per hour. The results are graphed
in Figure 12. Figure 13 contains the graph of

missile system effectiveness as a function of
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raid size for the selected aircraft speeds 350,
750 and 1050 miles per hour. It can be seen
from these graphs that missile system effec-
tiveness decreases as aircraft speed increases
and that for the aircraft speed of 750 miles per
hour the missile system effectiveness has de-

creased below 90 percent for all raid sizes

tested.

8.4 Tracking Radars and Launchers: Using the
same scenario As that used above for the sensi-~
tivity of the system with respect to aircraft
speed, the basic misgile system was changed from
one launcher and two tracking radars to two
launchers and four tracking radars at each gite.
The rasults are graphed in Figure 14, This
increase in missile system capability provides
an increase across the board in missile system
effectiveness. Figure 15 contains the graph of
missile system effectiveness as a function of
raid size for the selected aircraft speeds of
350, 750 and 1050 miles per hour. When comparing
these results to those contained in Figure 11 it
should be noted that the "doubling" of missile
system capability does not in fact double missile
system effectiveness. At an aircraft speed of
75¢ miles per hour for instance, the maximum
increase in missile system effectiveness caused
by the increase in missile system capability is
45 perceat. The overall maximum increase in
missile system eifectiveness 18 73 percent and

occurs at an alrcraft speed of 1050 miles per

hour with a raid size of 20.
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Figure 1
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Start Program

:

Read: Inputs
Set game constants
Print: Inputs

'& ,

Yor each airvcraft, Generate

Point of entry
Spead

Time of entry
Altitude
Radar horizon

’

For each missile area, Compute
PCA distance
PCA time

!

‘SNE Fire Event for each aircraft/missile
area combination at earliest possible
missile firing time

TNE

N

Simulation Logic for Model Imitialization

Figure 2
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FIRE EVENT

Input: Current time, T
Misgile site number
Adreraft number

3

q Ajrcraft past PCA

NO

ir

craft alive

% YES

A

2\

NO SNE Fire Event for this
1
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ad I SIEP
¥ s L)
Gracking radar free \ X e
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N0 (V .
Coordinated firing mode
AN
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Qircraft engaged } — ot

T

NQ intercept possible ) )

SNE Intercept Event for this

— aircraft/missile site at
. T + Time of Flight
’é YES ‘g
Intercept point beyond
aissile range ‘ SNE Reload Event for this
missile site at T + Time

¥

SNE Fire Event at T + STEH

Reduce number of loaded launchers and
available tracking radars for this
mnigsile site

TNE

¥ire Event Logic

2
b4

Figure
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INTERCEPT EVENT

Input:

Surrent time, T
Missile site number
Aircraft number

{

(ikircraft alive

lé YES

g Afrcraft killed } LY

L

é}YES

SNE Fire Event for this
aircraft/miseile site at
T + Assessment Time

g

:

SNE Free Tracking Radar
Event for thiz missile

site
Time

at T + Assessment

Intercept Event Logic

Figure &
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SNE Free Tracking Radar Event
for all missile sites engagir
this aircraft ..t T + Assess-

ment Time
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Set aircraft indicator
dead




Free Tracking Radar Event
Input: Curreant time, T
Missile site number

Seacanes Y

Increase number of free
tracking vadars by 1 for this
miszile site

TNE
Reload Event"
Input: Current time, T
Missile site numbe

Increase number of loaded

launchers by 1 for this
missile site

Free Tracking Radar Event togic
Reload Event Logic

Figure 5
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9. CONCLUSION

This paper has attempted to describe in min-
imum detail a missile aystem simulation and some
typical applications. It has been assumed that
the complexitv of the surface-to~air missile anti-
alr warfare situation is such that answers to the
questions posed in the applications of Section 8
are not readily available by convenient analy-
tical methods. If this is true then a model
of this type can gserve a useful purpose. The
model has been used in several classes as an aild
to solving several anti-air warfare problems.
In the course in system simulation in which the
model 18 used the student adapts the model to
a problem of his own selection, creates the in-
puts, uses the model to generate data and then
performs an appropriate analysis of the data.
The simplicity of the model's structure has in~
fluenced the thinking of severszl students in the
development of models for Master's Thesis in
Operations Research at the Naval Postgraduate

School.
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