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The purpose of this study was to determine the rela-
tionship between the timing of intelligence updates on the
location of strategic relocatable targets (SRT's) and the
probability of detection. A simulation was designed to
represent a bomber mission attacking an SRT. Only notional
numbers were used in building the model, but the model
should still produce valid results with real world data.

Most research involved classified information, and
imposed some limitations. Many generalities were used to
describe the problem to avoid using classified information.
Also verification and validation checks were completed using
notional numbers. However, the final model is still as
valuable as the accuwracy of the input allows.

Strategic relocatable targets are a growing concern of
strategic planners. New technology makes war fighting more
difficult and new procedures have to keep up with the trends
that are present. This project is meant to remove some of
the uncertainty dealing with strategic relocatable targets.

By applying this simulation to real world situations,
the probability of mission success of the strategic bamber
can be impraoved. Results of simulation runs will indicate
the expected detection probability for each of a series of
update times. A decision maker can then decide what level
of mission success he wants as approximated by the detection

probabilities and apply his resources accordingly.
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;ﬁ Abstract

gyt ‘This project’'s primary goal was to determine the rela-

i

. i tionship between the timing of the last intelligence update

’#: with the probability of detecting a strateqgic relocatable

%, target (SRT,. A computer simulation of a bomber attacking

1

f? an SRT was built to develop the relationship. Many charac-

'

Q teristics of a bomber aircraft and an SRT were investigated
and i1ncluded in the model to ensure a reasonable representa-

_} tion of the actual system. After integrating the signifi-

\‘:

\ cant factors into a comprehensive model, euperimental runs
were made.

L+

-

3 Notional numbers were used throughout the project.

-

> After completing the verification and validation stages,

. experimental data was run through the model to demonstrate

Iy

}: the format of the output and usefulness of the model. From

€,

-,

oK the example, inferences were made about the true relation-

. ship of the update timing and detection probabilities.

Q Experimental results indicate that a significant de-

“~

!ﬁ crease 1n detection probabilities occurred when the last

. ) update on the target’'s location is received by the attacking

\l

&

& aircrew at a point where the time remaining until entering

a3

) the search area is less than half the dwell time of the SRT.

oy Therefore, this model not only provides the detection proba-
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Bility a decison maker can expect at each update time but

also the point where significant changes in the probability

of detection occurs. - <
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2 I. Introduction

2!

Background

i tFightirng a war 1nvolving strategic relocatable targets
.a (SRT 's) complicates the role of the strategic bomber. Until
fi recently, attacking strategic targets was straight forward.
f A bamber, knowing the target’'s exact location, would fly a
‘5 planned flight path, identify the target, and release the
L appropriate weapon. However, times have changed. Today, a
EE new class of targets has become increasingly important: a
ﬁ: class of targets that can change location throughout the
\

") planning and execution phases of a war. These strateqic
;f relocatable targets pose a new threat to strategic bombing
.i because of the uncertainty about their location. To combat
» this new threat, new procedures must be developed to improve
'35 a bomber s chance of finding and destroying an SRT. But
'5 betore old procedures can be discarded and new procedures
-~ implemented, information regarding SRT s must be gathered.
fd Since the ultimate goal 1s to ensure bomber aircraft
b have the becst chance of finding and destroying assigned
v targets, factars that significantly affect the bomber s
¢

:: chance must be examined. Attacking SKRT 's 1nvolves many fac-
/.

%

a 1

[
-
<
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torse which can be grouped into four primary areas: target,
terrain, aircraft, and updates (13).

Target. Target movement i1s the main difference between
strategic relocatable targets and static targets. Unt:il the
development of SRT’'s, bomber aircrews only had to rely on
the aircraft navigation systems to guide them to the target
area since the target location was known with certainty.
Now, locating the SRT has become an added oroblem. While the
SRT's location may be known at takeoft time, the target may
move betore the aircratt arrives. In trying to predict
where the SRT will move, several questions come to mind.
How fast does the target travel {from one location to
another? How far does the target travel before another stop
is made” Once a new location is found, how long does the
target stay 1in the same location before another move 1s
made” Answers to these questions will help planners esti-

mate a new SRT location for the aircraft arrival time.

However , while characteristice of the target itself may

provide some answers, i1nformation about the target environ-
ment will supply other answers.

Terrain. Terrain around the SRT can affect the speed
af the target as well as limit the number of possible relo-
cation eites. Terrain features such as dense forest or
mountainous terrain can male relocation efforts very
difficult. Aver age speed and distance traveled each move 1n

this type of terrain can be considerably lower than for




terrain that allows good mobility. Even more, other terrain

features such as lakes or mountain peaks may prove to be

infeasible locations for deployment of an SRT. But in either

case, information about the terrain can be very useful in

torecasting the movement aof the target.

locations of an SRT are

future

Fredictions about

easier 1f the possible movement area arocund the target’'s

present location is reduced. Reductions in the area’'s size

can be made due to slower SRT speeds and shorter moves by

the SRT because of certain terrain features. In these

cases, somne segments of the movement area can be discarded

from consideration. A smaller movement area means a smaller

search area for the aircraft. Then, because of other air-

a smaller search area can

craft constraints, improve the

probability of mission success.

Aircraft. During mission planning, tradeoffs amaong the

aircraft factors have to be made to ensure mission success.

Aircratt are limited by allowable search time and fuel

constraints when searching for an SRT because of other

mission requirements such as more targets to attack or

The amount of area covered during the

recovery procedures.

allotted search time will depend mostly on the aircraft’'s

speed and altitude.

A faster speed will allow the aircraft to cover more

area and a higher altitude will provide a larger search

radius (distance the aircraft can see). However, +flying

faster burns fuel at a higher rate and therefore could force
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the aircrew to end the search early due to low fuel,. Al so,
exposure to enemy defenses, aircraft equipment limitations,
and the target detection factor (how well the target can be
seen) are other aircraft factors that need to be consid-
ered. When making tradeoffs between the probability of
locating the target versus the aircraft probability of sur-
vival, these three factors contribute to the probability of
mMission success. To a certain extent the aircraft routing,
speed, etc., can be adjusted as the mission requirements
change. But in order to increase the likelihood of micssion
success, accurate intelligence information on the SRT must
also be provided.

Updates. Updated intformation on an SRT's location
prior to the aircraft arrival could reduce the mission to
one of an attack on a static target. 1f the final update is
recerved ‘“"close" enough to the aircraft arrival time, the
target will not have a chance to mocve and the aircraft can
attack as 1t would against a static target. The “farther®
(earlier) away from the aircraft arrival time that the final

update is received, the more the target has an opportunity

to mave. This situation reduces the likelihood of target
detection because more target movement translates i1nto a
larger area for the aircraftt to search. As the search aresa

increases, Lthe probability of finding the target decreaces

due to the eintra time required for the zearch and increased

area for the target to hide. Similarly, as the time of the




last update becomes closer to the aircraft’'s arrival time
into the target area, the probability of target detection
decreases. But how "close" should the update be to produce
a satisfactory detection probability?

The best time to pass updated information to the air-
crew is when the aircraft enters the target area. However ,
more flexibility in allocating intelligence resources would
be available 1f updated information can be given to the
aircrew at an earlier time but not significantly reduce the
probability (chance) aof finding the target. In other words,
instead of trying to get updated information to all aircraft
at their search area arrival time, the information could be
passed to the aircrews at any time during a specific time
interval. If an aircrew receives their update within the
specified time interval, decision makers would be confident
that target detection probabilities would not be signifi-
cantly reduced from that of a "closer'" update. By computing
and displaying the relationship between the timing of the

update and probability of detection, the decision—-maker

would be able to accurately assess the likelihood of finding

and destroying the SRT and allocate intelligence resources

appropriately.

Froblem Statement

To attack strategic relocatable targets, bomber crews
must receive intelligence updates on the location of the

target in a timely manner. However , not much 15 known about




how the time of the update affects the probability of target

detection.

Objectives of the Study

Three primary objectives highlight the overall goal of
this research project. The first objective is to model the
movement of a strategic relocatable target. Characteristics

of SRT's are investigated to identify important factors

affecting the target movement. A second objective is to
write a computer praogram to simulate an aircraft mission
against an SRT. One computer run will simulate a series of

aircraft missions and a detectiaon praobability will be com-
puted for that set of missions. More computer runs will be
done for a specified number of update times with a detection
probability computed Ffor each time. Finally, the third
objective is to plot the detection probabilities against the
corresponding update times. Confidence bands will also be
computed to specify the range of accuracy of the estimate.
Completion of these objectives will accurately describe the
relationship between update times and detection probabil-

ities.

Literature Search

Classified Documents. Much i1s still unknown about

strategic relocatable targets and most information published
is classified. Headquarters Strategic Air Cammand (SAC) is

very interested 1in any aspect of SRT's for future mission

planning and has written documents concerning SRT's. Clas—
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sified documents outlining SAC's views on SRT's were re-
viewed for background information. While classified infor-
mation will not be discussed in this paper, the documents
supplied valuable i1nformation about which variables concern-
ing strategic relocatable targets need to be considered 1in
the simulation model. But just understanding the variables
involved does not answer all the questions. Maving from
areas of certainty (static targets) to areas of uncertainty
(SRT's) also requires some background in probability theory.

Frobability Theory. Basic concepts about probability

distributions were reviewed to discover how an SRT's future
location could be estimated. Discussions oan stochastic
processes provided insight about how probability distribu-
tions change from the present time to future times (4:376).
This information helped devise an initial unconditional
probability distribution of the target’s location. Froce-
dures wetre then investigated to develop the probability
distribution of an SRT's movement and, together with the
initial conditions, to estimate the probability of future
target locatiaons. From this set of possible locations a
search pattern can be developed for the aircraft to ensure
the "best'" areas are given first priority 1n the search.

Search and Detection Theory. To estimate the praba-

bility of SRT detection for any update time, the model must
include a methaod for the aircraft to search for the target.

Research uncovered several sources to help decide on the

AP RN Ra S o,
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appropriate pattern to ensure a high probability of mission
success.
Many Jjournal articles have been written on search and

detection theory. In his book, Search and Detection Theory,

Alan R. MWashburn summarizes the past findings and claims

that up to now search theory i1s not really concerned with

optimal search “paths” which are required for a realistic
search pattern for an aircraft (16:1-1). He states two
reasons as the primary causes. First, an optimal path is

not useful unless it is easy to follow. Second, he asserts
that a "path" is not a convenient mathematical object (16:1-
i), Based on these reasons, most research, according to
Washburn, involves a distribution of effort over an entire
search area to maximize the probability of detecting the
target (16:1-1).

A review of recent literature concerning search and
detection theory confirmed Washburn’'s observation. S. S.
Brown in one of his recent articles elaborated on an optimal
search plan that allocated a search effort in each of a
finite number of time intervals to maximize the overall
probability of detecting a moving target (2:12795). A book
by L. D. Stone stated the basic praoblem in search theory is
that aof maximizing the probability of detecting the target
within a limited resource such as time or fuel (1Z2:322).
Finally, another article by Luke Tierney and Joseph FKkKadane
defines a "search strategy” as "an allocation of the avail-

able search effort" (1S5:720). In these and other examples,
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while a search path is not directly ignared, emphasis is
placed on an allocation of search effort instead of the
search pattern used to find the target.

A myopic search algorthim presented by Washburn can be
used to develaop a search pattern for an aircraft (16:6-4 -
6-8) . Fatterns resulting from a myopic search may prove
infeasible for an aircraft to fly but by modifying the
procedure slightly the probabilities derived will initially
put an upper bound on the probability of finding the target.

Another source of information concerning SRT's was a
segment of HER Air Force Studies and Analyses Advanced Fene-
tration Model (AFM). The AFM simulates an entire bomber
mission (l4:slide 3. In the model, movement of an SRT is
disregarded aftter the war begins. But, because some aircaft
missions may be quite long, SRT movement can almost be
assured before the aircraft arrives. Also, another problem
with the AFM segment is that an exhaustive search (a pattern
that searches the entire area) 1s used. (14:slide 10). An
exhaustive search may prove infeasible because required
search time 1s too long and aircraft fuel reserves cauld
become too low to fulfill other mission requirements or to
recover safely. Strategic planners today envision only one

trip through the search area with at the most only one turn

not to exceed 90 degrees (Fig. 1.1) (5,13,
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Fig. 1.1 Expected Flight Fath of Aircraft Through
a Search Area

Scope and Limitations

Target Type. Fnowledge of the type of SKT being at-
tacked 1is required in order to model the movement of the
target and predict future locations. SRT's are either
time constrained or time critical targets (11:2). Time
constrained targets have a dwell time (time remaining in one
spot) greater than the weapon system cycle time (11:2),
Weapaon system cycle time is the total time required from
detection of a change in target location to weapon system
arrival (10:7) . Time critical targets have a dwell time
less than the weapon system cycle time (11:2), Classifying
an SRT in one of these two categories allows an appropriate
weapon to be selected for the attack.

Weapon Type. One of the problems facing strategic

planners is the type of weapon system to use against an SRT.
In general, either missiles or bombers can be used against

SRT's  (10:7). Missiles can get to the target faster but

10
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lack the flexibility of a bomber. Also, missiles need an
accurate target location when they are launched. Therefore,
missiles can be used more effectively against time con-
strained SRT's since no movement will take place before the
missile arrives.

On the other hand, bombers are needed for time critical
SRT's because movement of the target will occur even before
a missile could arrive. Bombers provide the flexibility to
apply a constrained search for the SRT and attack when the
target 1is found (11:61). Since bombers are the primary
concern af this project, the assumed scenario will be bom-
bers attacking time critical targets or targets with very
short dwell times. But before a bomber can attack an SRT,
information concerning the target itself is needed.

SRT Characteristics. Research into the SRT questian

shows that some factor values about SRT's are known with
certainty but little is known about other factors. First,
even though SRT’'s move around, they do need a home base {for
certain support requirements (11:2). This will limit the
full range of movement. Also, unless a war is in progress,
there is no reason to relocate the target (11:2). Movements
from the home base may occur due to training but these
distances will be small. Therefore, it can be assumed that
at the start of hostilities the target will be at i1ts home
base and will not stray more than a specified distance from
that base throughout the war. Further, target characteris-

tics such as speed, dwell time, target type (mobile or

11
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! movable), set up and tear down times, and possible location

sites are all assumed to be known.

y
¢ _ Methodology
K Simulation Model. Because of the complexities and
2
;‘ X number of variables involved in computing detecticon proba-
3 bilities of SRT’'s, simulation was chosen as the general
approach to solve the prablem. Simulation is & way to
_§ represent the behavior of a system as it changes from
'2 state to state according to a set of well-defined operating
. rules (9:6). For the purposes aof this project, the state of
é the system will be the location of the target at each time
é period. Each type of SRT in every possible region repre-
| sents a new situation requiring different values <for the
variables of the system (dwell time, setup time, etc.). Far
‘ example, an army garrison moving i1n mountainous terrain
would require different input values than a mobtile micssile
§ unit in flat terrain. Many situationse such as thece can be
% modeled with a computer simulation bv 1nputing different
-~ combinations of values for the factors.
g The flexibility of simulation allows the desired re-
é sults to be computed with an opportunity to test otrer
j aspects of the SET mission., For i1nstance., the army garrizon
§ ) mentioned earlier would have ditferent 1nput values for
E speed, detection factors, set up and tear down times, etc.,
. than the mobile missile unit., However , both situations can
v

e




be modeled by just changing the input information with no

changes required in the actual model.

f Developing the simulation model involves two different
\’ theories. First, target movement is modeled as a stochastic
£

» process. A stochastic process is a collection of numbers

each of which represents the value of & particular variable

for each specified period of time (Z2:1). Second, optimal

R

search theory and associated search patterns are investi-

SN
Jelrt Pt

gated. One search pattern will be used for all aircraft
e missions to ensure results are not biased toward a particu-

r.. lar search pattern.

‘-'t
o

Design of Experiments. A statistical design of experi-

» AL A
P

. : ments is the “"process of planning an experiment so that

4

appropriate data will be collected which may be analyzed by

-
E' statistical methods resulting in valid and objective conclu-
-; sions'" (7:2). When the 2:xperiment is completed, significant
’ factors (those that have significant effects on the results)
tE will be identified. tnowledge of these factors will aid in
f: the {future analysis of the computer runs.
- A scientitic approach was used to determine which fac-
g : tors are critical to the final resulis of the simulation.
: To determine the relationship between update times and de-
f} tection probabilities, &all critical factors must be held
L
:E constant as the update time is changed to ensure the change
? 1n the resulting detection probability is only due to the
change 1in the update time and not other critical factors.
s
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Then a good estimate for the detection probability at each

update time can be calculated.

Estimating the Probability of Detectiorn. An aircraft

mission will be simulated as it attacks an SRT. Movement by
tne target will be started at time zero of the simulation
and continue until one of the termination conditions is met.
An update on the target’'s location will be simulated at some
specified time before the aircraft begins the search. Apply-
ing the updated information, the aircraft will search for
the target and record either a hit or a miss for each mis-
sion simulated. Many missions will be flown at each update
time and the percentage of hits will be used as an estimate
of the detection probability for th-t update time. Each
probability with the corresponding update time can then be

plotted to display the desired relationship.

Sequence of Fresentation

Following Chapter 1, Chapter 2 expl&ins the theory and
procedures used to model the target movement. Chapter 3
continues by describing the aircraft mission, how the proba-
bility distribution for the target’'s location ts computed,
and how the aircra+tt searchesg for the target. In Chapter A4,
the simulation model i1s explained as well as how the air-
craft and target models are integrated. Chapter S dis-
cusses the validation and verification of the model. An

experimental design used to identify key relationships among

the factors is explained 1n Chapter 6 along with the analy-

14



": sis of the simulation runs. Finally, Chapter 7 discusses
the value of the model and some areas where further research

may be useful.
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1I. Modeling Target Movement
.
-,
i Introduction
+ .
;: An aircrew must have some information about an SRT's
. pattern of movement to make accurate estimates about the
|3
g target 's future locations. Chapter 2 begins by relating an
A
i SRT's movement to a stochastic process and explains how the
o properties of & Markov chain are used to model the target’'s
~
: movement. Next is a discussion on the meaning and develop-—
KN
; ment of the one-step transition matrix. Finally, a descrip-
" tion of the two types of SRTs is presented as well as how to
J
$ compute the time unit of the stochasic process for each type
)
¢
S aof target.
Stochastic fFrocesses
AN alrcrew of a strategic bomber preparing to attack an
SRT 1is interested in the location of the target at the time
iy the aircratt enters the search area. At some point in time
g prior to an attack on an SRT, intelligence information would
report the eract location of the target as is currently done
E with static targets. However, since an SRT moves, the
J location at (future) times t,, t=z=, t=,... 1s desired. At
X
each time, ty, a value 1s observed for the random variable
; shawn as Xea, Xezy Xesmygsao (12293, A =et of random varia-
o
$ bles Xes 182 € T is called a stochastic process and T 1s
'i
called the index set {t,, t=, t=x,...> of the stochastic
"/
] process (1:297). To obtain analytical results when evalua-
o

W tatet
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Y, ting the process, assumptions about the joint distribution
1 of Xe1y, Xezy Xesy,s.. are necessary (4:372),

®

aﬁ One possible assumption is that the stochastic praocess

3y¥

o is a Markov chain. A Markov chain assumption eases the
; analytical computations in making inferences about a sto-
’

’

6 chastic process (4:372), However, a finite-state Markov
- chain must satisfy four requirements (4:273):

s 1. A finite number of states

i{ 2. The Markovian property

2 3. Stationary trancsition probabilities

< 4. A set of initial probabilities F{Xe=iJ for all i
2

- Ta explain how each requirement is applied to an SRT and ta

2; illustrate how SRT's can be modeled as finite-state Markov

i‘ chain, the following discussion introduces a small example.

Finite Number of States. In describing an SRT's move-

ment as & stochastic process, the state of the system at

A/.I“l Y 'l‘ »

time t, is the location of the target. To define the loca-

tion, each SRT is assumed to stay within a specified range

ﬁf of ites main operating base (MOB) due to support reqgquirements
5: (11:2). Thetretore, a square bax can be drawn around the MOB
‘ to define the area of movement. Within the large square,
E smaller square cells, which will be referred to as grids,
TE can be drawn. Even though the size of the grids may vary, a
) { %

finite or countable number of grids will always exist. The
state of the system (target location) at time t, can be
") defined as the number of the grid occupied by the target at

time t4.

AU
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’ﬁ As an example, suppose an SRT is restricted to a 15
¢
» mile radius of its MOB. Assume further that the grid size
.
}‘ is 10 miles square. A square drawn around the possible
B
h . movement area and divided into appropriate grids would re-
0!
- flect the situation depicted in Fig. 2.1. Nine gtids
-
3 (states) make up the possible location for the SRT. The
'E grids are numbered from left to right and down the box as
S

shown. Whereas maximum travel distance by the SRT and grid
- size may change, each situation involving an SRT can be
]
‘
;a modeled in this way. A finite number of states is therefare
[/

established for the process.
- Gwid \ a P ,J .
BN Number |'N
o |

(L)
g K3 6 r"

Starting 7‘5’3 3om
- Point — (7 F )
-~ Fovw
2 SRT
N Fig.Z.1. Typical Search Area
{: Markovian Froperty. Simply stated, any stochastic
f process with the Markovian property implies the future state
« of the system depends only on the current state and not on
é any state observed in the past (1:2794). In a more rigorous
% fashion, the conditional probability of any {future cstate
x given any past state is independent of the past state and
;} depends only on the present state (4:372).
. Assume the SRT in the previous example starts at its

MOE in grid S and moves to qgrid 4, 1, and 2 in three consec-
:.
.
a4 18
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Y,
{ utive time periods. The conditional probability of moving
B from grid 2 to any other grid is independent of how the SRT
:- got to grid Z. Being in grid 2 at the present time is the
? . driving factor. If the SRT had moved to grids &, 3, and 2,
{ the conditional probabilities for the next move would be the
f . same as if the SRT moved through 4, 1, and 2. Not only does
:3 this fact show the existence of the Markovian property, but
it introduces the idea of conditional probabilities.
? Stationary Transition Frobabilities. Conditional prob-
tg abilities 1n & Markov chain are called transition probabili-
» ties (4:372). Mathematically, transition probabilities can
TE be defined as F{Xc¢s1=j] Xe=1} which represents the probabil-
§ ity that the state of the process at time t+1 will be
- givern at time t the state of the process is 1 (4:372). To
{: be considered stationary, an added restriction is intro-
% duced.
- To be stationary, the probability of moving from state
E i in time period t to state jJ in time period t+1 must be
>E equal to the probability of moving from state i in time
periaod O to state J in time period 1. This relationship
‘5 must hold tor all possible grids i and j. In mathematical
'3 notation:
¢
3 FiXear=il Xe=13 = F{X =)} Xo=i3 for all t=0,1,..., (1)
; The 1ndividual probabilities are denoted by p4y (4: 272 .
j Another look at the previous example will help define the
) transition probabilities.
E Starting from grid =, assume the target has a 0.3
7
-} 19
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probability of moving to grid 1, a 0.4 probability of moving

to grid 4, and a 0.3 probability of moving to grid S. The
situation is depicted in Fig. 2.2. Assume further that
three time periods have passed. Identifying one case, Fig.
Z.2 shows the the F{X4=1|X3=2} = 0.3 where t=3 is
, 1 3 SRT L ion
Possible New A58 Atter ;E?fme.

Geds and — | o-3

Covrespond:m%\& 6 Pevriods
Probaoility . o. a3 | oo
7 8§ 99— _Gwid
0.0 [0.0 |00 Number

Fig. Z2.2. Frobable Movement of Target From One Grid

the current time period. An equivalent statement could
be made about grid 4 or grid 5. To be considered station-
ary, Fi{Xa=1 |X3=2} = F{X,=1|Xo=23 = 0.3. In other words,

once in grid 2, the conditional probability of moving to any
other grid must be the same whether the move takes place at
time O, at time 1, or at time n. There is no evidence 1n the
available literature (10,11) to suqggest that restrictions
are placed on SRT’'s that would change the conditional proba-
bilities +from one time period to another; therefore, the
probabilities are assumed to remain the same for all time
periods and can be considered stationary. Conditional prob-
abilities give insight into the probabilities of transition-
ing from one state to another, but if the unconditional

probability cof a ftuture location of the SRT is desired, the

20
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probability distribution of the initial state is also re-

quired (4:376).

Initial Conditions. In order to specify the initial

probability distribution, the SRT's location must be known
at some point in time. Considering the example again, if
the SRT is observed in grid 2, the time of observation is to
and Xo=2. The initial probability distribution would show
the F{iXo=2) =1 and F{Xo=1} = O for all i#Z. Knowledge of
this distribution satisties the fouwrth requirement for a
Markov chain and combined with the conditional (transition)
probabilities, future wunconditional probabilities can be

calculated. A convenient method for computing the probabil-

ities is through matrix operations.

What is a Transition Matrix

Transition probabilities can be representad by matrix

notation as follows (4:373):

Foo - = = = - = - - = = Fom
Eesd = - - ()
FIHO - T -0 = 0 = = = - = F.MM
where py 3y = probability of going from state i1 to state j in

one step (one time period). Using a 3 X Z grid, assume the

cne step transition matrix i1s as follows:

[
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More than likely, unconditional praobability distributions
will be required for more than just one time period in the
future. Therefore, an expansion of the one step transition
matrix 1s needed.

An n-step transition probability matrix displays the
conditional probabilities, p¢™’.45, of moving from state i to

state 3 1in n time periods. From the Chapman-Kolmogarov

equations, the n-—step transition probabilities can be com-—
puted as follows:

M
PN yy = :E: P4 PNV 0y for all 1,J,n and O<vin (4)

k=0
Thus, the n—-step transition matrix can be obtained by com-
puting the nth power of the ane step transition matrix.
Therefore, given the one step transition matrix, the condi-
tional probabilities for any time, n, can be caomputed. But
the desired result is still the unconditional probability
distribution of the target’'s location for the future time
period n.

Unconditional probabilities can be computed by multi-

plying the initi1al probability distribution of the SRT by
the appropriate n-step transition matri:. Assume the known

oy,
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starting point in the example is grid 2. Then the initial

]

probability distribution 1s po (1000 O 0 O 01.

Multiply the row vector, po, by the ocne step transition
matrix, P>, and the results are p, = [.3 0 0 .4 .3 0 0 0O
01 which means starting in grid 2, after one time period
there is a 0.3 probability of being in grid 1, 0.4 probabil-
ity for grid 4, and .3 probability for grid 5. I¥ po were
multiplied by the 2 step transition matrix, F¢2>, the uncon-
ditional distribution would represent probabilities after
two time periods.

In any case, the interpretation 1s the same. Multi-
plying the initial probability distribution vector times the
desired n-step transition matrix results in the uncondi-
tional probability distribution for the state of the process
after time n. Because sg much i1nformation is embodied 1in

the ane step transition matrix, accurately developing the

conditional probabilities 1is critical.

Develaping the Transitian Matrix

Azsociating each SRT with its area of movement creates
a unique situation. To accurately model the target move-
ment, an accurate one step transition matrix must be devel-
oped. There will be a row and a column for each grid i1n the
movement area. From each grid, estimates must be made about
the probability of the SKRT moving into any other available

grid in the next time period. Estimating the probabilities

involves several considerations.
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Considering the new grid, three situations could exist.
First, the grid could contain terrain features such that an
SRT could not move through the grid. In this case, the
conditional probability of moving there would be :zero. A
second situation could be one where the terrain i1s such that
the SRT may not have any place to set up and dwell but could
move through the area enroute to another grid. Finally, a
third case 1s a grid that will allow mavement thraugh the
area and allow the SRT to set up. Enowing the characteris-
tics of the individual SRT and terrain around its operating
area will allow each grid to be classified as one of the
three types.

Another consideration in developing the conditional
probabilities involves the speed of the target. Faster
moving targets can reach grids farther away in one time
period than slower moving targets. Therefore, this consid-
eration is dependent on the time period chosen for the
stochastic process. However, agrids farther from the current
location will &also have & smaller probability of being
entered than closer grids.

Finally, the probability of staying in the same grid
for two consecutive time periods will be assumed to be zero.
From the known characteristics of the 5SRT, the length of
time spent in one grid can be calculated. These are average
times. I1f there is any chance of an SRT staying in one grid

for more than one time period, it will be reflected in the

average "dwell" time of the SRT. In this way a time unit
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for the stochastic process (time between changes of state)
W can be developed fraom the average dwell time and a change of
S state must occur after each time unit. Development of the
o transition matrix is a key to modeling SRT movement but the
. type of target being modeled must also be known to develop

the time unit of the stochastic process.

Matching Target Type and Time Unit

Strategic relocatable targets can be classified as

2L

either mobile or movable targets (11:2). A mobile target is

(s

a target that is always in motion and assumed to be at a
constant speed. Thus the amount af time spent in one grid

can be calculated as the grid size divided by the target’'s

:‘.AI.II\

speed and the result used as the time unit of the stochastic
process. Also, since the mobile target does not have to set
up, there are only two kinds of grids rather than three
(grids the SRT can enter and grids they can not). A maobile
" target will move randomly to an available adjacent grid
after each time unit and the state of the system will change
accordingly. Movable targets require a little more informa-
¥ tion to compute the time unit of the process.
Movable SRT's are tatgets that set up in ane locatian
for & specified time period then relocate to another posi-
. . tion (11:2). Two pieces ot information about the SRT must
be known to accurately compute a time unit for the stochas-
tic process. First, the total time spent 1n one spot must

be given. A combination of set up time, dwell time, and
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tear down time (time required to dismantle equipment to
prepare for another move) make up the total dwell time spent
in one spot. Once the SRT is ready to move, another time
variable 1is introduced.

To move from one grid to another, the time required
depends not only on the distance to move but also the speed
of the SRT. Distances between possible set up points will
vary. Therefore, an average distance per move must be
calculated for each area. For a mobile target, the distance
iz always one grid, but for a movable target the distance
can be longer (not shorter since it 1s assumed the grid
number must change after each time unit). Dividing the
average distance moved by the speed of the target will
result 1in the average time required to move from one loca-
tion to ancther. The actual distances moved will depend on
the grid size selected. How the grid size 1is determined
will be discussed in the aircraft model. For now, adding
the average move time to the total dwell time becomes the

time unit for the stochastic process for a movable target.

Coniclusion

A model for moving the target can now be built for the
simulation using Markov chain procedures. Development of
the one step transition matrix and the time unit of the
stochacstic process are two key elements in modeling the SRT

movement. Characteristics of SRT 's are available in classi-

fied documents and to get realistic results, this classified

TSN YT T T T
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information must be accessed and used to develop the key
input data. However, verification and validation of the
model can be done with notional numbers. But to complete the
model, an aircraft mission must be included to simulate the

attack on an SRT so that the detection probabilities can be

computed.




II1. Modeling the Aircraft Mission

Introduction

To estimate the probability of detection, an aircraft
missiaon attacking an SRT must be simulated. At many times
planners will have no control over the target variables. But
in the aircratt model most variables can be set as the
planners desire. Therefore, a little more flexibility 1is
needed to model the aircratt mission. Flanners can adjust
aircratt parameters such as speed and altitude to improve
the probability of mission success. Since each SRT mission
ie uamique, simulating the aircraftt attack must be flevible
enough to accept many values for the aircraft factors and
integrate them to arrive at an estimate for the probability
ot detection.

Chapter I decscribes the model of the aircraft mission.
First .s a discussion about what makes up the system cycle
time and how the aircratt migsion is modeled until the
search begins. An explanation of the search pattern used by
the arcratt to look for the SRT follows 1ncluding some
comparisons among three possible search patterns. Third,
1intelligence updates are 1ntroduced with a discussion on how
the aircratt makes adjustments, Finally., the fourth section
e«plains the condit:ons for terminating a s1ngle &i1rceratt

ml13<10n.
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System Cycle Time

System cycle time 1is the total time required from
detection of a change in a relocatable target’'s location or
status until the weapon system arrives at the target (10:7).
Because the target location i1s not known with certainty, the
weapon system arrival time assumed in this model will be the
arrival time of the aircraft at the edge of the search area.
System cycle time can be broken into five segments but with
some averlap involved in certain situations.

Intelligence Cycle Time. Intelligence cycle time is

the first part of the total time. Time starts when a change
in an SRT’'s location is detected and ends when the informa-
tion is in the hands of the mission planners (13). Usually
military staff planners or the crew members flying the
mission do the flight and target planning. However, the
main point 1is that there is always a delay from when a
change occurs 1n an SRT location and when plans can be made
to attack the target at the new location. This delay 1is
input into the aircraft model as a constant to allow realis-
tic target mavement to occur while the aircraft is preparing
for the attack.

Mission Flanning. The second part of the system cycle

time i1s misesion planning time. Once new 1nformation reaches
planners another delay is encountered while the actual air-
cratt mission is planned (1Z), Crew members or higher level

planners can accomplish this tasl. Missi1on planning time

may not be applicable i1in some cases such as when stafe
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officers plan the attack. In these cases, mission planning
time runs concurrently with crew rest.

Crew Rest. Crew members must be afforded certain rest
time before flying the required mission which constitutes
the third part of system cycle time. As stated earlier, 1f
crew members do not plan the mission, crew rest can run
concurrently with mission planning time and only one delay
needs to be considered. However, even if the time runs
concurrently, a small delay is still needed to account for

briefing the crew on the mission before they takeoff.

Fretlight Time. As the fourth part of system cycle
time, any ground delays such as preflight and taxi time
must be considered in the model. Other delays may also be

encountered due to alert time or unexpected maintenance
problems prior to takeoff (13),. An average expected delay
can be computed for these circumstances and should always be
included 1n the model.

Flight Time. The final delay in the system cycle time

is the actual flight time to the search area. BEach aircraft
mission must account ftor the time from takeoff until the
aircraft 1s in a position to begin the search. Target move-
ment must be allowed to continue according to its schedule
until the ai1rcratt arrival at the search area.

Atter all ti1ve delays are computed, the total system

cycle time 13 calculated as the sum of the {five delays. In

aorder to accurately estimate the aircrew’ s probability of




detecting the target, the target movement and the aircraft

mission must be realistically integrated. All delays be-

tween the time the target location is known and the aircraft

must be included to

arrival time allow the target to move

time 18

the correct amount of time. I+ more or less

for

allowed before the &ircraft begins the search, the detection

probability may be aftected which will then bias the results

away from the true probability of detection. For instance,

it not enough movement is allowed, the location distribution

for the target will cover a smaller area than 1t should

which will incorrectly retlect a higher probability of de-

tection. However , it the proper delays are accounted for,

the unconditional probability distribution of the target’'s

location will be & better representation of the real world

and the search can begin with information as good as can be

expected.

Aircratt Search

One search pattern must be selected and used for all

computer runs so that any changes in detection probabilities

can only be attributed to changes in the time of the last

update. Teo accurately plot the relationship between detec-

! tion probabilities and the time of the last 1ntelligence

all the aircraft factors except the update time must

update,

remain constant for &ll computer runs. In so doing, & change

in detection probabilities from one update time to anocther v

will only be due to the change 1n the update time. Most of
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& the aircraft factors have values that can be derived from
‘.I
~
' technical manuals or operational procedures. However, the
:2 search pattern 1i1s not so easily defined. Three search
M
:: patterns were considered as possible ways to look for SRT ' s.
‘ol
e..
Exhaustive Search. When wusing an exhaustive search
A\
: pattern, the entire search area is scanned. As depicted-in
{: Fig. 3.1, an aircraft enters fraom the upper left corner of
B the region and searches from left to right (14:slide 8).
- When at the right edge of the area a 180 degree turn is made
;- Bombeyr I N - Seorc\n Rodius
v Enters I 7 of RAircraft
: ~ -k <-f-q-
e ,',
". l—
. - ____)._-___‘
i N
)
: ‘—..JL.__»_e_._._“_l
L]
p N
s Bombev
X b —b>} |- -4 6
Exits
) Fig. 3.1. Exhaustive Search
U
o to reverse the direction and to search the next row aof grids
v, in the opposite direction. At the left edge the procedure
f- is repeated. When the last row (bottom row) has been
‘.
= searched the aircraft exits the search area. By defining
LA the size of each square grid as two times the search radius
= of the aircraft sensors, the entire area is searched which
S8
: gives a high praobability of target detection: however, there
'~ are some drawbacke.
~ To use the exhaustive search requires a lot of time and
&
-
N 32
~
£
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does not use the updated information. Each aircraft will

2T A A A

fly for a considerable time to get to the search area due to
the location of probable targets. Also, each aircraft will

usually be assigned more than one target per mission. With

% R ‘.LE.LE'

such long missions, fuel constraints and other mission re-

quirements will limit the time available to search for each

target. In addition, the entire area is searched regardless

&

of any updated information that may be received. Therefore,
an exhaustive search is impractical and a shorter search 1is

needed.

NF AN Y

Effort Distribution. One search pattern which requires

lese time is one which divides the total search time avail-

LN l.. ‘- ._I

able among the individual grids to maxtimize the praobability

LN N

of detection (16:5-1). Initially the total available search

time 1is given and defined as the total search effort. An

a2 "a

assunption is made that spending more time (effort) search-
ing a particular grid will increase the praobability of
- detecting the target if the target 1s i1n the grid being
searched. With this assumption, the unconditional probabili-
ties of the target being in each grid are sorted from high-

est to lowest. The available search effort is then divided

o

among the grids on the sorted list to maximize the probabil-
ity of detecting the target (146:5-1). However, a problem
with this search pattern i1s also encountered.

$ An effort distribution algorithm such as just described
does not account for any movement of the target during the

actual search. One of the assumptions made for the SRT

.
.
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missions 1is that the scenario would involve bombers attack-
ing SRT's with very short dwell times. Even though aircraft
search times may be short, targets could move sometime after
the search begins and befare the search ¢time 1s over.
Therefore, a search pattern that allows target movement
during the aircraft search must be used.

Markov Motion-Myopic Search. A myopic search pattern

can adjust to target movement during the search (16:6-1). A
myaopic search 1s one which applies all available search
effort for one time in the location with the highest proba-
bility of containing the target. In so doing, this search
pattern maximizes the probability of detection for a speci-
fic point in time given the target has not been found in the
previous time periods (14:6-3).

Three inputs are requivred to compute the unconditional
probability distribution of the target’'s location using the
myopic search pattern. First, the probability of the target
being in each grid, %, at a time t without being detected by
any previous search is needed (usually this will represent
the 1initial position where t=0), Second, the praobability
that a target in grid % at time t will not be detected at
time t must be known. Finally, the third input 1s the
probability that a target in & grid :x at time t goes next to
grid y (this represents the transition matrix). Multiplying
these three inputs together results in the unconditional

probabilities of the target being i1n each possible grid at

T N
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time t+1 and not detected 1in the previous time periods.
From these probabilities, the grid with the highest proba-
bility of containing the target at time t+l1 is searched.

A myoplic search pattern searches only one grid each
time period to maximize the detection probability. However ,
for the SRT mission, several grids will be searched during
one time period. Depending on how fast the aircraft flies,
how large the grids are, and how much search time is allot-
ted, any number of grids can be searched each time period.

The qgoal is to maximize the probability of detecting the

target given that a specified rnumber of "looks" {agrids
searched) are allowed. Therefore, the pattern is modified
slightly.

Only two of the previous inputs are reqgquired for the
aircraftt SRT mission. By using the properties of a Martov
chain, multiplying the initial position vector (computed at
the update time) times the n-step tranmsition matrix results
in the unconditional probability distraibution of the tar-
get’'s location at the beginning of the search. The qgrids
are searched from highest to lowest according to the proba-
bility of containing the target. Termination occurs when
the target 1is found or when the allotted number of grids
have been searched. I+ a time period ends while the swmarch
ie 1n progress, new probabilities are computed and the
search continues with the new results.

Using the modified Markov motion-myopic search pattern

allows the aircraft to search the "best" agrids first ana
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’i allows adjustments to target movement while the search 1n is
3

progress. However, making the adjustments and getting the
¥
ﬁ first set of unconditional probabilities requires computing
}
I | | L

é the i1initial position vector and the n-step transition ma-

“oF triw.

D

5

¢
N Updated Information
- Information at several update times will be simulated
3: but no matter what the update time, the required calcula-
i} tions are the same. Target movement and the aircraft mis-
.‘.

’ sion progress independently from one another. However, when
}; arn update time arrives, the initial position vector of the
- target as seen by the aircrew is reset tao reflect the actual

target location. The remaining time until the aircraft
- reaches the zesarch area is then computed.
o
; Using the time unit of the stochastic process, an
o
estimate of the number of moves to be made by the target 1is
: calcul ated. From this information, the appropriate n—-step
: transition matrix can be computed and subsequently the un-—
conditiconal probability distribution of the target’'s loca-
t tiorn computed for the aircratt’' s arrival time. Also, an
o
3 estimate 1e computed {for the time of the target ' = first move
A}
atter the alrcratt begins the search. If a move 1& antici-
-,
:~ pated by the si1rcrew while the search is in progress, ad-
..
? Justmentzs  are made to the unconditional probability dis-
trabution of the target’'s location.
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By ranking the unconditional probabilities of target
detection from high to low probability, the aircraft can
search grids with the highest probability of target presence
first. Each aircraft mission will anly be allowed to search
a limited number of grids. I+ the aircratt searches the
grid containing the target, a random number i1s drawn to test
for target detection by the aircraft sensors based on the
computed conditional target detection factor. If the air-
cratt estimates that the target is moving to another grid
while the search is in progress, the (n+l)-step transition
matrix 1s computed followed by calculation of the new uncon-
ditional location distribution. Atter the new distribution
15 sorted, the search continues in the grid at the top of
the sorted list.

For example, assume the aircraft is initially given the
following vector of grids to search: £4,3,6,5,1,2,7,9,81.
In addition, assume grid 4 has been searched and the air-
craft 1is starting to search grid 3. If a move is antici-
pated, new calculations are completed. Assume further the
new vector of grids (sorted from highest to lowest) is
[2,8,6,7,9,4,3,1,2]. Atter searching grid 7 the aircraft
will search grid 9 from the top of the new list rather than
grid 6 from the old list. In this way, the most current
intormation on the target’'s location is being used for the

search. To arrive at the estimate of the detection proba-

bility, many missions are generated to get accurate results.
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But before another mission can start, the previous ane must

be stopped.

Mission Termination Frocedures

Search Time. Each bomber mission will be limited to a

specitic amount of search time. As mentioned earlier, cur-
rently SAC planners use one sweep through a search area as
the time limit (5,13). Considerations such as other targets
to strike and exposure to enemy defenses come i1nto play when
determining the actual limit. For the aircraft model, 1if
the time limit runs out before the aircraft finds the tar-
get, the mission records a miss and checks are then done to
see if the simulation run is complete or if another mission
should be generated.

Minimum Fuel. Very closely related to the search time

limit is the fuel constraint. In order to continue the mis-
sion and land safely, an aircraft will be required to end a
search with no less than a specific amount of fuel reserve,
If more search time is available when the check i1s done but
the fuel reserves are below the minimum allowed, the air-
craft will have to exit the search area. Again, if the
target has not been found a miss is recorded for that par-
ticular aircraft mission and appropriate checks are com-
pleted as before.

Target Detection. Finding the target is the quickest

way to terminate the aircraft mission. Two requirements

must be satisfied before a hit can be recorded. Fire

, the




N
L
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w
e
@ aircraft must choose to search a grid that contains the
Y
N target. I+ the correct grid is selected, the second re-
‘: gquirement to be satisfied is that the aircraftt sensors must
ot
\j be able to recognize the target. To model the sensors, a
“
!

conditional detection factor is input as a probability.
Then a random number i1s drawn to determine 1f the target 1s

+ound {a random number less than or equal to the detection

factor means a hit). Adppropriate steps are then taken to

end the run or generate another mission depending on the

VO
» 1 s A

final checks.

Conclusion

2%
"

. ‘Integrating the aircratt model with the target model
. will allow an estimate of the detection probability to be
computed over & range of intelligence update times. Since
the target continues to move throughout the simulation inde-
pendent of the aircraft model, the timing of the aircraft
mission 15 very i1mpartant to ensure the target 1is given
ample time to move arcund. As wacs i1ndicated earlier, not
allowing enough movement time could bias the detection prob-
“a abilities to the high side. Also, by using & modified
myoplc search pattern for all aircraft missions and keeping
b, all other variables constant, any changes 1n the ecstimates

for  the different update times can be attributed to the
, changing update time only. To 1ntegrate the two models, a
computer simulation model is presented in the next chapter

which 15 used to generate the data to compute the estimate

"l.l.
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? for the detection probabilities. From these probabilities,
the desired plot of detection probabilities versus intelli-

» gence update times can then be drawn.
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IV. Simulation Model

Introduction

Development of the simulation model requires an accur-
ate description of the real warld. Frevious chapters have
explained the factors affecting both SRT movement and air-
craft SRT missions. Emphasis now turns to developing a
model that will output an estimate for the probability of
detecting an SRT for specified intelligence update times.
Fig. 4.1 shows the flow of the entire simulation model.

After the computer languages used are introduced, Chap-
ter 4 continues in a chronological fashion to describe the
other activities in the simulation. First, 1nitial condi-
tions tor the simulation are discussed. Next, procedures
tor moving the SRT are explained. Third is a description of
how the aircraft mission ic initiated, how receipt of intel-
ligence updates are handled, and how the flight to the
search area 1s modeled. Finally, the last two sections
describe how the aircraft search 1s modeled and how the

aircraft mission is terminated.

Computer Languages

SLAM. A Simulation Language for Alternative Modeling,
called SLAM, is the primary computer language used for this
model. SLAM is a FdRTRAN based language that allows si1mula-—
tion models to be built using one of three different orien-

tations (F:ixn). In describing SRT movement and aircraft SKT

41
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Read Data

Initialize Variables
That are conscant
for all vuns

Call SLAM

Initialize /reset
voriables before
each vrun

ML
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Aivevaft

Collect and desero Mode)
a\l free ensities

Fig. 4.1. Flow Chart of the Complete Simulation
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missions, the orientation assumed is a combined network-

discrete event arientation.

A network orientation or process orientation models the
flow of entities through a defined process (9:78). Each
aircratt and each target represent one entity or item in the
SRT process. The process is the sequence of events and
activities 1involved 1n moving the target and flying the
aircratt mission. For the SRT model, the network will
generate the flow of the aircraft and target entities from
the beginning of the simulation until one of the termination
conditions 1is met. While network orientations have the
advantage af easier development, not all systems can be
accuw ately reprecented by the available network elements
(23232 .

In a digcrete event orientation, the model is built by
defining the changes that occur at discrete points 1n time
called event times (9:229). At each event time the logic
associated with the occurrence of that event is executed in
a time ordered sequence (9:66). A model i1s built by identi-
fying those events where changes in the system state accur
and developing the logic to make the required changes i1n the
system when the event does occur. Changing the state of an
SRT mission involves updating the location of the target and
can be done with the available networhk elements. However ,
other changes require matrix operations using with the Mar-
kov chain procedures and cannot be done within the netwark

orientation. Theretore, to completely model the SRT move-

47
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ment and the aircraft missions, a combined network-discrete

event orientation is modeled.

By using the combined framework, the advantages of both

orientations are enjoyed. Fortions of the system that can

be described by a network are modeled as a network with a

discrete event viewpoint used only for portions that require

; the added flexibility (2:323). A reduction 1n modeling

effart 1is realized since the major flow of the system uses

the network orientation. Only the basic matrix algebra

requires modeling outside the networtk. To accaomplish the

matrix operations requitres interfacing the SLAM program with

some FORTRAN subroutines.

Each discrete event in the model 1s coded as

FORTRAN.

a FORTRAN subtroutine (9:2346). As entities flow through the

network, the time will come for the accurrence ot a discrete

ATB R A0

event. SLAM allows specific coding to call the appropriate

FORTRAN

subroutine to perform the required functions

(P:236). However, the entire simulation i1s controlled by

the SLAM network time.

including the simulated clock

SLAM advances time as appropriate and relieves the

programmer of sequencing events 1n their proper chronologi-

cal order (R:237) . This allows the programmer to write

independent wnits of code that can occur simultaneously

while the simulation i1s running. A SLAM executive program

"nmext event" to execute as the simulation

chooses the

progresses. When there are no events remaining on the next
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\ event "calendar'", the simulation is terminated and a new run
§

can be initiated. However, at the start of every run,
ﬂ certain actions must be taken to initialize the model.
# Time Zero Activities
vﬁ An SRT is created at time zero and the movement started
iﬁ (Fig. 4.2 shows the flow of the target model!. The center
;: grid of the search box is identified based on the input data
e and the target is placed in the center position. An initial
E; target location vector is developed to indicate the target’'s
g postion. Also, since no dwell time is assumed for the first
'u move, a&a random direction is chosen and a delay time initia-
gf ted for the time required to move the target to the boundary
§ between the old grid and the new grid. As the target’'s
position is i1nitialized, the aircraft prepares for the mis-
AY
_ﬁ sion.
. A decision must be made about the first event ta occur
= in the aircraft model before any activities can occur for
Ez this seagment. The first event will either be the aircratt
g takeott or the intelligence update (the flow aof the aircraft
- madel is shown in Fig. 4.3, I{ the takeoff accurs first, &
_g delay must be initiated to account for the time until the
‘i scheduled takeoff followed by a delay for the flight time to
i the update point with a final delay for the flight time to
g the search area. Otherwise, a delay is initiated for the
; time wuntil the update 1s received while still on the ground
j tollowed by other delays for the remaining ground time
P
:
e
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Flow Chart of the Target Model
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and the flight time from the takeoff point to the search
' area. As the aircraft model continues, the target moves

independently of any aircraft actions.

Continuous Target Movement

Before any move can be made, the relative position of
the SRT inside the defined search "box" must be identified.
; A random direction is selected for the next move to be made

by the SRT. However, depending on the position of the
' target relative to the search box, either eight, five, or
8 three directions will be available to choose from. In the
center area aof the box, eight grids surround the current
location and therefore one of eight directions can be selec-
ted (Fig. 4.4a). But if the target is on the boundary of
the box, only one of five directions can be selected
v
SRTs

. 11| 3|~ 1"5\ VAN
/X 3

71615 51Y9
(a) (b) (¢)

3
L{

Fig. 4.4. Three Relative Fositions Fossible for the
Target in the Search Area

because movement outside the box is prohibited (Fig. 4.4b).
Even mare restrictive, if a carner position 1s occupied,

only one of three directions can be selected (Fig. 4.4c).

48
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Determining the relative position of the target must come

R sl

before a direction can be chosen. To determine the posi-
tion, further screening must be accomplished.

? For SRT's located on the boundary of the box, further
tests must be done to determine exactly which edge or which

corner is occupied. Imagine the search box in a north—-south

!1 orientation as depicted in Fig 4.3a. From the center grid,
&y

*

eight possible directions can be selected, each representing

. )

2 SRT s

'; -~ / ~

L et \\

4 -~ I \\

-~ ~
L4 )
Nw| N INE-t ™ |N/|NE N\ E
= /

.:I .7 !
>f_ W |A|E N\ | E S |SE

N
o (a) (b) (c)

i Fig. 4.5. Fossible Directions for the Target to Move
. a compass direction as labeled in the figure. Now conesider
': the situation in Fig. 4.5b. On the "edge" af the box only
‘',

f five directions are available. Moving to Fig 4.5%¢c, in a
v corner position only three directions ar=2 available (Note:
4

2 To be consistent, the box i1s always oriented in & N-S direc-

g = iy

tion and the eight compass points remain the same). Each of

ry the four cormers and each of the four edges have the same

LS -
1
\ number of possible move directions but have a unique set of
LY
‘
" actual move directions (Fig. 4.6). Therefore, to determine
which directions are possible from the current position, the
4
?
L4
d
49
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Fig. 4.6. Contrast of Relative Fositions and .
Choice ot Directions \

exact location for boundary and corner grids must be identi-
fied.

Once the exact location of the occupied grid has been
identified a new direction can be chosen. Branching within
the simulation model will place the target entity in the

appropriate section of code associated with its current

position. A random number from & uniform distribution will
be chosen. The range of the distribution will be zeroc to
three, {five, or eight depending on the situation. Each of i

the appropriate compass directions is associated with a sub-
range of the distribution and & direction will be chosen
based on the value of the random number.

For example, 1if five directions are available, the
direction parameters will be O to S. A random number less

than one will refer to one direction, between one and two

another direction and s0 on until all five directions are ¢
covered. Once the new direction i1s chosen, the actual grid
to be entered is computed. But before the move can be made, E
the status of the new grid must be checked.
A test must be done on the future location to see i1f it
S50 j
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is suitable for the mave. With the input data, each grid i1s
assigned a status of O, 1, or Z: 0O means Nno passage, 1l means
the target can pass through but not stop, and 2 means the
target can pass through and stop. If the new direction will
put  the SRT 1n a grid with a © status, a new direction 1Is
chosen before any move takes place (no simulated time elap-
ses). If a status of | is discovered, the move 15 made with
the appropriate amount of time passing but another move is
initiated before any dwell time is applied (for & maobile
target, only 0's and 1's apply since mobile SRT's have O
dwell time). Finally, i+f a grid with a status aof 2 is
cselected the move can be made with a delay 1nitiated repre-
senting the appropriate move time and dwell time. At the
completion of the delay, the procese repeats and continues

vuntil the termination ot the mission.

Aircratt Update Frocedures

While the SRT movement 1s being simulated, an aircraft
mission continues according to the scheduled timing. As
mentioned earlier, the aircraft will follow a certain se-
guence depending on whether the takeoff or update occurs
first. Im either case, time delays are built into the model
to allow for an appropriate amount of randaom target mavement
up to the update time. But the update procedures are the
same no matter what time the update occurs.

Simulating update procedures reguires revealing to

the aircrew the cuwrent lacation of the target. Whern the
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update event occurs, the initial target location vector is
changed to reflect the new position. Then, to compute the
unconditional probability distribution of the target ' s loca-
tion for the aircraft arrival time, the appropriate n-step
transition matrix must be calculated. Since the one-step
transition matrix is raised to th n®" power, to compute the
n—step transition matrix the value of n must be known.

To Ffind the value of n, the anticipated number of
moves the target will make before the aircraftt arrives is
calcul ated. At the time of the update, intelligence scurces
do not know how long the SRT has been in the current loca-
tion. To cut down on some of the error, an assumption is
made that the target has been in the reported location for
one half of the total time that is normally spent in one
lacation. The aircrew will then anticipate a move after one
half of the normal time has elapsed. Atter the +tirst move,
all futuwre moves will be anticipated after a full time unit.
Dividing the time remaining until the aircraft arrives (m1-
nus the time for the first move) by the full time unit will
give (n-1) which i1s needed to compute the appropriate n-step
transition matrix (for example, 1if Ltwo moves can be made
tullowing the +irst move which occurgs atter hald a time
urni t, the value of n=3). When the value of n 1€ | nown,
the remaining calculations can be accompliched.

An unconditional location distribution must be computed
to guide the aircraft in the search for the GSFT, Multa -

plying the updated i1nitial position vector by the n-step

*e " a
D

S

.".",‘_I'."../' R UL T e AT S , ' -t S . P e e e N cet
3 S T A S B v S S R G S T T A RO,

A, T
SO R R



-
i

LN

i Y08

AL RERLGEN

B ST

transition matrix will result in the unconditional location

distribution of the target for the aircraft arrival time.
The grids are then sorted fram high to low probabilities.
Sorting makes programming the aircraft search easier because
when the grids are selected from top to bottom on the ar-
dered list the highest probability grids are searched first.
When all update calculations are complete, the aircraft
mission continues on its scheduled time until the aircraft

arrives in the search area.

Rlircratt Search

A search begins by moving the aircraft to the first
grid on the sorted list. Since the mawimum probability of
finding the taraget is desired, searching the grids with the
highest probability of containing the SRT first will achieve
the desired goal over the lona term. A check ie done to see
1f the aircraft location (grid number! is the same as the
target 's actual locatiaon. I+ the locations are not the
same, the process repeats for the next grid on the saorted
list, However, 1f the locations are the same, a check is
done to see 1f the aircraft sensors identify the target.

Senzor systems are checked by comparing & random rniumber
to the probability of detection associated with the sensors.
2ince the sensors are not perfect, 1nputs 1nto the model can
specity a praobability distribution to account for errors in

the system. A random number is drawn and compared to the

condirtional  detection probability to determine the success




; of the sensars for that particular "loak" at the target. I+
& sSUCCEeSS OCCLurs, & hit is recorded for that aircraft mig-
sion. Failure of the sensors is indicated by a message
W : telling the decision maker that the aircraft found the
N correct grid but sti1ll missed the target due to the sensors.
In this case, the search continues.

2 To continue the search, the next grid on the sorted

list is selected by the aircraft. Eefore a move is made

LA

;"l. )‘

into the next grid a check is made to see if the probability

.
.

of the target's presence is greater than 0. I+ not, the

g

_ grid 1s not searched because time would be wasted 1in the
long term. Instead the aircraft returns to the first grid
on the sorted list and searches from the top of the list
down again, But, if the next grid on the sorted list has =&

probability greater than © then the search ie conducted as

2Ly

betore. As thes search contirnues, if the time anticipated by
the aircrew for the next target move occuws, updated infor-
mation must be calculated.

New unconditional probabilities must be computed 1f the

. P
‘2P AN SN

target moves during the aircraft search. When the update on

s _'l

R

the target’'s location is received by the aircrew while

R

enroute to the search area, a guess 1s made as to how long
the target has been in the current location. At the same

time an estimate is made about the time of the target's

N AN

tirst move after arrival of the aircraft. The target may or

may not maove at that time but the aircratt anticipates a

A XA A

»
.

-®

e e A S A Tl A S TR At A W AU T S S i S it S T s S S S S N
A AR RO I GO ¢ WA AR Y N » “-.' \.' sy, ‘~.ﬂ. 2 N



[\ W W

et a e 0‘"-%-\,!~I .’l.-"

h, -0, . ., s 8

"]
.

rd

-“-

[N R

)
XY
.

jon” WP PR IR

MAFPAINS

23

AR PP W

move based strictly on timing. I+ the time of the antici-

pated move occurs during the search, the (n+1)-step transi-
tion matrix must be calculated and multiplied by the initial
position vector calculated when the intelligence update was
received. Sorting the resulting vector will give a new
unconditional location distribution with which to continue
the gearch for the SRT. Starting at the top of the list,
the aircraft continues as before until one of the termina-

tion conditions is met.

Termination Frocedures

Three conditions will terminate one mission of the
simulation. First, 1f the aircraft finds the SRT a hit is
recorded and the mission is terminated. Second, after each
grid is searched, the allotted search time is checked to see
if 1t has been exceeded. I¥f too much search time has been
used, a miss 1is recorded and the mission is terminated:
ctherwicse the wmission is continued. Finally, the third
condition checks the fuel status of the aircraft. I+ the
fuel level is below a specified minimum value, the aircraft
must terminate the search and a miss is recorded. But, the
mission continues 1f the fuel is above the minimum accept-

ble.

o

In a&all cases, when the mission is terminated, the
procedures are the same. A specified number of missions are
run for each update time being tested. Whern one mission is

terminated a check is made to see if it is the last mission

n
)




k- ) )
N
"
.‘
-; for the current simulation run. If not, the aircraft and
..\
i target entities are initialized to their starting positions
oy and another mission started. After the last mission for aone
N
Q)
}~ update time is terminated, a new update time is computed and
T
* anather set of missions i1s run. Fipmally, when the last
3
- update time has been tested, the simulation is terminated.
o
o
< .
] Conclusion
After integrating the aircraft mission and target move-
-
- ment into one simulation model, computer runs can be made to
o«
.
‘3 generate the desired results. Timing is very important
2
» throughout the simulation to ensure the results are as
o
ot realistic as possible. However, one thing toc keep in mind
- is that the simulation may mot exactly match the real world.
An exact match is virtually impossible to achieve. A simu-
lation model 1% only as good as the inputs into the model
and the assumptions made while building the model. Verifi-—
- cation and validation of the model is very important i1f the
oY
.o output from the computer runs 13 to be of any use. Chapter
&- 3 discusses how the verification and validation stages were
- accomplished.
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v V. Verification and Validation

Introduction

Computers in general do not make mistakes; people (pro-

ri

. grammers) make mistakes. Simulation models are not worth
;i the time and effort to run if the model is not a reasonable
ﬁ: representation of the real world. Verification and valida-
T: tion of the computer model are requitred if the model i1 to
>

ﬁ; provide any useful information to a decision maker.

g Chapter 9 discusses the verification and validation
'; stages of this simulation model. Verification 1s accom-
>’
_%: plished by comparing the model output to manual calculations
,g for a small example mission. To validate the model, input
’ values are wvaried and changes in the final results  are
E compared to expscted values based on knowledge and past
iz e perience of the SRT missions.

s

5: Verification

:: Veritication of the model consists of determining that
"

) the model executes as intended (:12). For the target
ij movement, an output trace of all grid locations which the
.5 target occupies and the times of occupation are output. A
A

cleose look at the data i1ndicates 1f moves are being made in

fi all directions acording to the unifarm distribution assigned
‘& and 1f the moves occur at the proper times. Also, & check

A

-
g

made to see 1f other location restrictions are being

observed.
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Tao verify the aircraft mission, a comparison is made
between the results from manual calculations for the matrix
operations and the computer output to ensure the pragram is
doing the calculations correctly. Mor=zover, checking the
simulation time of certain events throughout the aircraft
mission shows 1+ appropriate delays are being i1ntegrated
with the target movement. Output of an example wusing a
square search area divided into nine total qgrids (target
locations) will show the desired results to verify the model

(Fig S.1).

Number Q || O
T 6 | S~ Gvid

Intial &7 | 2 LA | I'T7 status

Location [n 8 q P/////

Fig. 5.1. Search Area Used toc Verify and
Validate the Model

Target Model. To bz consistent, the target is modeled

to start every mission in the same grid. As stated earlier,
each target i1s assigned to an MOB (Main Operating Base) with
the center grid of the search area containing the MOEB (Fig.
S.1k. Before each mission begins, the center grid 1is com-
puted {froam the other input data and the SRT 1c established
in that grid. Using the present example, the output shows

the ftarget starting 1n grid 35 (center grid) for every mis-—

sion which confirms the calculatinon is being done correctly.
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Once initialized to the propetr starting point, random move-

ment can then begin.

Target movement is modeled to be evenly distributed in
all possible directions. Because only a small number of
missions were simulated for verification purposes, the per-
centage of time each direction was chosen will not te a very
accurate estimate of the distribution. However, other indi-
cations show all possible directions are being used. Trac—
ing the target 's location shows that each grid is selected
as a new location several times during the short simulation.
Over many runs, each direction should be chosen an approxi-
mately egual number of times. However, other location re-
strictions prevent some grids from being selected as many
times as they otherwise would.

Each grid’'s status will determine if a grid can be
entered or not and could also prevent surrounding grids fraom
being selected as often. As a new grid is selected, spe-
cific oﬁtput statements are printed to show the grid’'s
status. A trace of the target movement indicates the loca-
tion restrictions are being observed in the present example;
only grids with a status of 2 have targets setting up, grids
with a status of 1 are being entered with no dwelling, and
grids with a status of 0O are not entered at all. Since
grids I and 8 (fig. &S.1) have a status of 0, grids & and 9
are selected less often than other grids because more move-—
ment can take place in the opposite corner (grids 1, 2, 4,

and 3!. However, all grids are being selected at some point

.
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regardless of the other location restrictions which leaves
only the timing of the moves to be checked.

Based on the input values for target speed and dwell
times, target moves can be manually checked for correct
timing. SRT's start the simulation (time Q) in the center
grid. For this example, 0.5 miles per minute is used as the
target speed, 90 minutes as the dwell time, and 17.6 miles
as the grid si:ze. Initially the target should only move
halfway across the center grid (no dwell time for the first
move) . This is being done properly in the model as confir-
med from the sample output showing grid 1 (the first new
location, second grid) being entered at Z4.8 simulated min-
utes. Next, a move is made to grid 4 at time 194.4. Manual
calculations confirm that with 20 minutes of dwell time and
4.8 minutes to move halfway across one grid, 194.4 is the
correct time to enter the third grid. Repetitions of the
direction selection and corresponding moves continue
throughout the simulation run and all times are calculated
correctly.

Verification of the target model is now complete. Ran-
dom directions are being chosen, location restrictions are
teing observed, and timing is being simulated properly.
However, for the simulation results to be of value, the
aircraft model must also be verified.

Aircraftt Model. Veritication of the aircraft model

must start by ensuring appropriate delays are accounted for
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before the first aircraft event (takeoff or intelligence
update). Depending on the input information, the aircrew
can receive the intelligence update either before aor after
takeott but the search still begins at the same simulated
time (when the aircraft enters the search area) every mis-
sion. Comparing runs with updates before takeoft with runs
having the update after takeoff reveals the same time of
860.0 simulated wminutes as the time the search begins for
the first mission of each run. Since random numbers play a
part in some delays, the start of the search for the first
mission of future runs will not be the same. However, by
checking the time each subsequent mission starts and adding
the scheduled delays from time zero to the time the search
starte (860.0 for this example), the time the search begins
can be confirmed.

For example, mission number 1 in run number 1 began at
time ©O and started the search at time 860.0. A second
mission started when all entities for the first mission were
destroyed. This occurred at time QUZ.4. Therefore, the
search 1in the second mission should begin at time 1762.4
(B6O.0O + 902.4). Since output from the example confirms the
time, correct ctalculations again are being done.

Far mission number 1 in run number 2, .the times were
the same as before except for the ending time. Because of
randomness in same delays, the first mission ended at time
870.0 (vs 9Y0Z.4). Adding 860.0 to 870.0 indicates the

search for the second mission should begin at time 1730.0

61




which 1is also confirmed by the output information. Even

though the times are slightly different, the appropriate

delays up to the aircraft search time are being handled

correctly. But even though the seerch starts at the correct

time, the aircrew must also have the correct information in

order to search for the target properly.

Updated information must be given to the aircrew at the

appropriate time i1f future calculations are to be carrect.

I+ an 8O minute update is being tested, the aircrew should

bnow the location of the SRT 80 minutes before the search

begins. Comparing the target movement trace to the output

8 of the aircraftt model reveals that in all cases correct

information is received by the aircrew.

As an example, in mission number 1 of run 1, an 80

- minute update is expected with the search to belin at 860.0.

o Manual calculations show that at time of 780.0 the aircrew
should receive the intelligence update on the target’'s ac-
. tual location. Target output shows the target location as
grid 1 at time 780.0, The aircratt model output confirms
the aircrew received information that the target was in grid
f 1 at the 80 minute update. This thought process can be done
,; for all miesions and the results are confirmed in <11 cases.
However , getting the correct grid number at the correct time
- to the aircrew 1s only part of the updated 1nformation

required to start the search.
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Matrix operations to compute the unconditional proba-
bility distribution of the target 's location must be done
before the aircraft search begins. Computing the uncandi-
tional probabilities requires the initial position (or posi-
tion at the update time) and the n-step transition matrix.
If no move can be made by the target between the time the
update 1is received by the aircrew and the time the search
begins, the grid number passed in the intelligence update
will be the only grid searched. If one or more moves are
possible, the one-step transition matrix must be raised to a
power equal to the estimated number of moves. Multiplying
the n-step transition matrix times the initial position
vector results in the desired unconditional probabilities.
Verification of these operations can be done as before by
comparing manual calculations with the computer output re-
zulting from the aircraft search.

Sorting the grid number by unconditional praobability
from highest to lowest results in & ready made ordered list
af grids for the aircratt to search. After computing the
unconditional probabilities, a sort routine is used to de-
velop the ordered list. Aircraft will then enter the first
grid number on the list to check for the target. I+ the
target 1is not found, the next grid on the list is checked
only if the unconditional probability for target presence is
greater than O, The search continues in this fashion until

the target 1is found or the allotted search time runs out,

Output information from the aircraft model indicates that
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not only are the calculations for the updated information
being done correctly but the search is also being done as
intended. First a look at the update calculations.
From mission number 1 of run number 1}, the sorted
target location distribution is as follows:
Grid Number Frob. of Target Fresence

0.5
0.9
0.0
0.0
0.0 (&)
0.0
0.0
0.0
0.0

CONOER -0

Since an 80 minute update is used, the target is estimated
to be able ta make only one move atter the update 1is re-
ceived by the aircrew and before the search begins (Assuming
the SRT has been in place for half of its allotted time, the
target should move in 159.6/2 or 79.8 minutes which is less
than 80 minutes). Therefore, the one-step transition matrix
should be raised to the first power and multiplied times the
position vectar far grid 1 (the location of the target at
the update time). Results should reveal the first row of
the one-step transition matrix. After sorting from highest
to lowest unconditional probablity, the results are exactly
as expected. However, this case shows the sorting routine
worked but does ot indicate if the matrix multiplication
routine works because the ane-step transition matrix re-

quired no changes from the input values.
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j Using a 240 minute update in run number 2, two moves
Ty

af are possible by the target from the time of the update until
5 the search begins. When the update is received, the assump-—
)

]

: tion that the target has spent half the total time in the
X

N

R current grid equates to a grid change at time 79.8. After
R dwelling and wmoving through the second grid (using 15%2.6
e

ﬂ minutes), the third grid will be entered at an estimated
& time of 239.4. Since the two moves will be made in 2329.4
:‘ minutes and the aircraft will not arrive until 240 wminutes
N

¥ after the update, the one-step transition matrix must be

squared.

j: Results +from mission number 1 on run number 3 are as
.

S follows:

.'-_'

- Grid Number Frob of Target Fresence

:.: = Q.69

S 1 0.20

- 4 0.15

> 2 0.0

Cad

- 3 0.0 (&) -
. b 0.0

A 7 0.0
- 8 0.0

N 9 0.0

~ For this mission, the target was observed in grid S at the
ﬁ update time. Therefaore, the expectation would be that the
‘: ’ fifth row of the two-step transition matrix (sorted) would
s

be output. Manual calculations result in the following for

)

N the two step transition matrisx:

4
0

N
v “
.

v
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1 2 3 4 S [} 7 8 9
[ 3 . N ]
1] .40 () 0 .20 .25 0 0 ) .13
21.29 0 0 .12 .50 o C 0 .09
3 0 0 1.0 0 O 0 O 0 0
41.15 0 0 .45 .25 ) 0 0 .15
Fe=2 = §51.20 0 ) .15 .65 O o Q ) (7)
61.15 0 Q L2000 .50 O 0 Q .15
7] .40 0 0 .20 .25 0 0 0 .15
8 0 ] 0 0 o Q 0o 1.0 Q
2] .30 0 0O <40 0 ) 0 0 .30
— —

Row number five, after being sorted, produces the same
results as the program’'s calculations. Checks of other
missions also show that the computations and sorting are
being performed correctly. However, given the aircrew has
the correct information, a check must be done to see 1t the
search is being done as intended.

Comparing the sorted unconditional probebility list
with the actual grids searched by the aircraft verifies that
the aircraftt 1is searching the correct grids in the right
order. From wmission 10 of run number 2 (a random choice),
recsults are the following:

Target Location Distribution:

Grid Number Frob. of Target Fresence
4 0.4
1 0.3
9 02
2 0.0
= Q.0 (8)
5 Q.0
6 Q.0
7 0.0
g8 AL 0
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5. Aircraftt Search:

[ )

A

D Grid Searched

.

W) 4

A 1 )
9

"l

W

Since three grids can be searched in the allotted time, only
the first three grids on the sorted list were searched and
in the proper order. A question that comes to mind is which
grid would be searched next if four grids could be searched.

Rather thamn search a grid that is estimated to have a O

probability of containing the target, the search reverts to

TA R Ay

the top of the list when a probability of zero is encoun-

g

r tered. In the mission described above, since the next grid
‘: (grid 2) has a probability of zero of target presence, grid
1%
"N 4, at the top of the list, should be revisited. Another
mission illustrates the handling of this type of situation.
2 Returning to mission number 1 of run number 1, the
search returned to the first grid on the sarted list rather
} than search a grid with a O probability of target presence.
‘
{ Grids 4 and S were searched first because each had a proba-
- bility of 0.5 of containing the target. However, all other
yf grids were estimated to have a probability of zero of con-
ﬁ taining the target. Theretore, after searching grid S with
. no detection, the third grid searched was 4 again rather
8 than 1. Output information from the run is as follows:
A
\
‘
.
ﬁ
.
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Target Location Distribution:

Grid Number Frob. of Target Fresence

0.5
0.5
0.0
0.0
0.0 (10)
0.0
0.0
0.0
0.0

VONGFWHR=»O D

Aircraft Search:

Grid Searched Time Search Began
4 860.0
b B&Z2.9 (11)
4 845.8

In the last example, note also the time delays between
searching each grid. Based on the input speed of the air-
craft and the grid size, a specific time should be spent
searching each grid. With a speed of &6 miles per minute and
17.4 miles across each grid as in the present example, each
search should take Z.9 minutes. Confirmation can be made by
computing the difference between the start of each consecu-
tive search (B63.8 - B6Z.9 = 2.9). With this check, verifi-
cation of the aircraft model is complete except for one
final point. What happens when the target moves during the
search?

If a target move is anticipated during the search, some
adjustments must be made. First, the current n-step transi-
tion matri: must be multiplied by the one-step transition
matrix one more time to form the (n+l)-step transition

matrix. Next, the new urnconditional probability distribu-
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tion must be calculated using the location confirmed at the
update time. Finally, after sorting the probability distri-
bution, the search continues in the first grid on the new
sorted list. However, ane critical point at this stage is
that the search time used by the aircraft is cumulative. A
new search does not start. The same search continues using
the new sorted list. If two grids were already searched and
time only allows a total of three to be searched, only one
grid can be searched from the new list. Verification of the
model 1in these circumstances is accamplished using the same
comparisons as before.

Another example run with an 180 minute update gave the
following results (target was in grid 5 at the update time):

Initial Location Distribution:

Grid Number Frob. of Target Fresence
4 0.4
1 0.3
9 0.3
2 0,0
= 0.0 (12)
S 0.0
& 0.0
7 Q.0
8 0.0

After the move the new location distribution was:

Grid Number Fraob. of Target Fresence
il 0.65
0.2
0.15
0.0
0.0 (13
0.0
Gy O
0.0
0.0

O BN AR P
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Aircraft Searched:

Grid Searched

(14)

- b

Manual calculations confirmed that in both cases the
printed list of the unconditional probabilities was the
fifth row of the respective transition matrix. The search
pattern shows a move by the target was anticipated while
the aircraft was searching grid 4 (the first grid on the
initial locatiaon distribution). Therefore, the search con-
tinued after the first grid was searched but started using
the new sorted list (grid ). Alsa, in the end only three
grids were searched, with one using the 1initial location
distribution and two using the updated list. With these
results the verification stage is complete.

Verification of the target model and aircraft model
ensures the simulation i1s operating as intended. However ,
the results still are not very valuable if the model is not
a4 reasonable representation of the system being simulated.

Validation of the model will confirm this representation.

Validation

Validation of a simulation model is normally performed
at wvariocus levels (9:112). Alan B. Fritsker, 1in his book
"Introduction to Simulation and SLAM 11" (9), recommends
performing validation on the data inputs, model elements,

subsystems and interface points (?:12). In each case, a
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comparison of the model and system is done as a test for
reasanableness (9:13). Fast system outputs and knowledge of
system performance behavior based on experience should be

used as vardsticks for the comparison (9:13).

Data Inputs. Information concerning strategic reloca-
table targets 1s classified. Characteristics such as dwell
time, set up time, tear down time, and paossible setup loca-
tions are &1l available but only in classified form and
cannot be addressed in an unclassified project. For verifi-
cation, notional or sample numbers in the range of actual
values can be used. However, results that are output from
the model using the notional numbers canmnot be wsed for
validity checks since experience with SRT missions is lim-—
ited. But, the results can be used by doing some sensi-
tivity analysis with various 1nput values in conjunction
with the validation of the model elements.

Model Elements. As with the data inputs, the output

trom the computer program will not validate the model ele-
ments but can i1ndicate a reascnable representation of the
real world by way of some sensitivity analysis. Outputs
trom past systems are not available because the area of
SRT's is still quite new. However , assessments can be made
about the reasonableness of the model by varying the 1nput
values and observing the changes in the results (9:13).
Variations in tour factors were observed.

First, the grid size was varied. In a1l cases, the

probability of finding the target was lower or unchanged

71
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ﬁ when the grid size was increased. Since more area has to be
. covered with the larger grid size, this is a logical result.
:: Aircraft search time is limited and if more time is spent
l: ’ searching one grid, less time remains to search other grids.
» Also, a larger grid size allows more room for the target to
.ﬁ hide. Therefore, responses to changes 1n grid size appear
<
- valid.

! Search time 1s the second factor varied. As would be
i expected, given more zearch time an increase in the proba-
‘% bility of finding the target 1s observed. If more grids can
-. be searched, chances are better of finding the SRT.

;; Third, the time unit of the stochastic process 1is

é changed. The time unit is the total time an SRT gpends in

" one grid (including dwell time, set up time, tear down time
;5 and moving time). For this variation, the pattern was not as
EE obvious.,. However , the overall indication is that as the
;; time uwunit is increased (5RT spends more time in one loca-
'z tion), the probability of detection also increases. Agaln &
i logical conclusion.

. Finally, the fourth factor to be varied is the aircraft
i‘ sensor system detection factor. lLogically, as sensor sys-
%- tems 1mprove, the chance of finding the target with them
3 should be better. In each case, the model output showed an
'E increased or unchanged probability of detection indicating

o
- e s

again the correct sensitivity of the model to various 1n-

puts.
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Subsystems and Interface Foints. Validation of the

subsystems and interface points has really already been
addressed as they pertain to this model. Each subsystem of
the model involved specific calculations which have already
been verified. Also, in vertifying the model, the timing of
events was shown to be correct. Each event in the SLAM
model called the appropriate FORTRAN subroutines at the
proper time to perform the required actians. Validatiaon of
the Interface between SLAM and FORTRAN, as well as between
the target and aircraft models 1s complete due to the veri-

fication of the timing and validation of the model elements.

Conclusion

Verification and validation of & model are necessary
stages of model building. Verification proves the model
does what is intended. Validation goes one step farther to
ensure what i1s intended is a reasonable representation of
the real world system being simulated. Verification was
accomplished in this model by comparisons with manual calcu-
lations using a small example. Validation was difficult
because of no past data. However , a sensitivity analysis on
the 1rnputs into the model indicated the results shifted 1in
logical directians as specific factors were varied. The
rumbers themselves were not i1mportant since only notional
numbers were i1nput. But what 1s important is that the

directiocns the probability of detection moved as the 1nputs
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varied are logical and give a good indication of the valid-
ity of the model.

A primary purpose of this project was to build a simu-
lation model for an SRT mission; but this is not the end.
With & valid model, large examples can be run and further
analysis can be accomplished on the results. Even more, the
value of the output information and how the information can

be used will be investigated in the final chapters.
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VI. Experimentation and Results

Intraduction

A representative SRT mission was simulated to demon-
strate how this model can be used. Tao keep the thesis
unclassified, sample numbers within the range of actual
values were input. Subsequent analysis on the output of the
simulation runs using the sample inputs illustrates how the
model could be adequately used in a classified environment.

Chapter & first describes the factorial design used for
initial screening of the ftactors. Analysis of the results
follows to indicate which factors or interaction effects are
considetred significant. Using the results of the factorial
design, final "production” runs are conducted and their

results analyzed.

Experimental Design

Many experiments involve the study of the effects of
two or more factors on a desired result. A factorial design
has been {found to be most efficient in analyzing these
effects (7:189). All combinations of the factors involved
are tested at each of their possible values and the effect
on the overall result 1s measured in each case.

Determination of Factors. Before the design can Ge

run, the factors to be tested must be determined. Any
factor (variable, input value) that can change the output

value should be considered. For the SRT mission, all the
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;ﬁ variables were reduced to four factors that can affect the

\. desired result: grid size, allotted search time, time unit

G of the stochastic process, and the conditional detection

\ probability.

P Grid size is a combination of the search radius of the

LJ aircraft and the altitude flown. The search radius is how

li tar the aircratt sensors can "see" ahead of the aircraft

k (anywherea from 90° to the left through 20° to the right).

1? Changing altitude changes the distance the aircraft can see.

5 To ensure the aircraftt can scan an entire grid as it flies

;. straight through the grid’'s center, a grid size twice that

,; of the search radius is used. Therefore, +from the center-—

iz line of the grid, 1looking left or right will enable the

sensors to see all the area included in the grid. Because

j% grid size and search radius are proportional to one anather,

.? anly grid size will be considered as a factor.

- Imbedded in the second factor, allotted search time, is

-;; the speed of the aircraft. Search time is how much time the

-; aircraft has to search for the SRT. Faster flying aircraft

, can search more area in the allotted time thanm slower air-

;g craftt. Changes in the model 's result due to increased/de-

)z creased cearch time can indicate an effect due to a change
. in  the aircraft’'s speed or a change in search time. Again

‘s

; both factors are proportional and can be tested for signifi-

:3 cance by considering just the search time.

o

>,

b
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o A third factor 1is the time unit of the stochastic
process (time between changes in the SRT's location). As in

" the other two factors, the time unit is determined by a

»
5 ] combination of other variables such as dwell time, speed of
Q the SRT, and the average distance per maove by the SRT.
‘;f Changing any one or a combination of these variables changes
;E the time between new locations for the SRT. For instance,
f‘ since the grid size is constant, a faster speed by the SRT
‘3 means less time is spent in one grid whereas a longer dwell
Et time means a longer time. Because these variables directly
2 affect the time unit used, only the time unit needs to be
; considered over its possible range of values. Changes 1in
; the time unit can be made by changing any one of the 1imbed-
- ded variables with the subsequent analysis indicating
:: whether the factor caused a significant change in the final
E; result.
3 Finally, the fourth factor is the conditonal detection
i praobability. As referred to here, the detection probability
o
13 is the prcbability the aircraft detects the target given the
4 sensors are loaoking directly at the SRT and 1s computed as
5% the product of two other factors. Multiplying the target
§ . detection factor by the aircraft sensor system detection
b tactor results in the conditioral detection probabillity
-; (14:slide 10). Theretore, this probability 1s computed and
4
'g input into the model as a constant to be used for &1l runs.
So while it is a probability, it remains a constant factor
E for one set of input data. VVarying the conditional detec—
2
-,
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tion probability over its possible range will indicate 1its
significance as well as the significance of the other two .
given factors.

Screening Runs. Usually initial screening runs in a

design will indicate which factors have a significant effect

- on the results and which factors can be disregarded due to

P

their lack of significance. However, the structure of the

SRT problem is slightly different. Rather than determine

CorY |

which factors or interactions are significant at one update

|4

time, a relationship between each update time is desired to g

determine if any factors or interactions change in signitfi-

> e

cance as the update time changes.

Three update times were chosen. Since significant

[ s gy

changes in the overall detection probability will more than

likely occur for shorter update times than for longer update

e x e o -

times, 80 minutes, 160 minutes, and 240 minutes wetre chosen
for the screening runs. These times should cover the range

of time where significant changes in the results should

RN,

occur.

P

To complete the screening runs, a 2% factorial design

. with three replicates at each treatment level is accom- .
plished. Each of the four factors is considered at two

levels as defined in Table &.1. Sixteen total (runs 1is

required to complete one replicate of the design. For this

model, a complete design was accomplished three times for

each of the three updates resulting in a total of 48 runs at

78
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TAELE 6.1

List of Factors

Letter Factor Low High
A Grid Size 17.4 miles 8.8 miles
B Search Time 21 min 46 min
C Time Unit Z4.8 min 276.24 min
D Detection Frob. 0.5 1.0
each update time. But to determine the significance of

these factors on the probability of detecting the SRT, a
model to estimate the probability must also be developed.

To estimate the probability of the aircraft finding an
SRT, the percent of successes for all missions flown is
used. Estimating the probability of detection is a binomial
experiment. & binom-+~1 experiment 15 & sequence of identi-
cal and independent runs which can result in only one of two
possible outcomes (6:78). Each mission flown results in a
hit (1) or a miss (Q). The target parameter, p, can be
estimated by Y/n where Y 1s the number of hits and n is the
total number of miscione flown at one update time (6:297).
For each run, the number of hits, Y, 1is computed but the
value of n is still needed to ensure the estimate is within
a specitied accuracy.

By specifying a maximum variance and significance
level, the value of n can be computed. To be 254 sure that
the estimate computed is within .1 of the actual probabil-
ity, 934 of the estimates must lie within two standard
deviations of the actual probability with repeated computer

runs (6:3217). In other words
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20 = .1 (15)
but g% = p(l-p)/n (16)
therefore 2(p(l-p))3“2/n3/=2 = (| 17)
and n = 4(p)(1-p)/.01 (18)

A value for p must be estimated to calculate an appropriate
value for n. Assuming p=.3 represents the worst possible
case and results in the largest value of n
n = 4¢.3)(.3)Y/.01 = 100 (19}
fis a result, 100 missions were flown to estimate the proba-—
bility of finding the target at a given update time. (Note:
I+ .01 were used as the variance, 1000 runs would be re-
gquired for the desired accuaracy and 100 runs were consid-
ered sufficient for this problem to demonstrate the model
output).
Table 6.2 indicates the actual combination of factors

that was used for the 14 computer runs in the design and the

results of each run. To read the chart, the column labeled
"Treatment" shows which combination of factorse was used for
that run. A lower case letter indicates that particular
factaor was set at 1ts highest value for the run. The

atsence of & letter indicates the factor was set at ite
lowest value. A (1) 1ndicates all factors were set at their
lowest wvalues. Resultse +or each of the three replicates are
listed under the recspective update time and rur number. To
eliminate some random error, rar Jom number cstreams were
changed for each replicate (called blocking on the randam

rnumber cetream) (7: 1237 .
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TABLE 6.2

s

AL,

-

@
1

Treatment lLevels and Results

g Frobability of Detection Estimate

)

r . 80 min update 160 min update 240 min update

&

M Treatment 1 2 = i 2 3 1 2 ]

.

N (1) L300 L300 .19 .21 .24 .19 .10 .19 .25

- a .22 .31 .20 L2230 .12 .13 .21 .13 .07

- b .41 .49 .34 .31 .41 .39 .31 .33 .37

3 ab .44 .34 |31 .28 .26 .Z4 26 W25 W25

. c .08 D& .07 27 .28 .2 B2 .38 L3

" ac .01 LO00 L0000 L2016 .11 L2000 23 .19

o bc 10 .06 .10 .28 .36 .28 .38 .44 .42

)5 abc L0907 .08 29 .27 .27 =32 .31 .35

-, d £O02 .91 .47 .42 .48 .46 .33 .32 .43

ad LI6 .38 L3 L3O W23 .37 LI .22 .24

- bd 77 W76 .73 N A=) .45 .32 .57
abd L5956 W63 .58 .44 .40 57 .47 .47 .47

o~ cd .11 .08 .11 .42 .35 .28 .43 .48 .41

b acd L0100 L0000 <37 .32 .26 29 JI9 0 .36

s bcd .11 .08 .11 .42 .39 .28 -4Z .48 .41

! abcd .11 .08 .11 .42 .35 .28 .43 .48 .41

1 The algebraic signs used to calculate the effects of

i

} the four factors is displayed in Table 6.3 with the respec-

-

2’
[ng
-
<
]

ANOVA Tables for the three update times shown in Tables

6.4, 6.5, and 6.6. While definite conclusions may be hard to

A AA

draw from the results, some general inferences can be made.
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> TABLE 6.3
:.f
¥ . . .
R Algebraic Signs for Calculating Effects of Factors
Treatment A BE AR C AC BC ARC D AD BED AERD CD ACD BCD ARCD
o
. (1) - - 4+ - o+ 4+ - -+ o+ -+ = -+
N a + ~ = - = o+ o+ = o~ o+ o+ o+ % -
: b -+ - - + - + - 4+ - o+ -+ =
ab + + - = - = = = = =+ o+ o+ o+
- c - - + 4+ - - 4+ - o+ o+ = =+ o+ =
o ac + o~ -+ - = = =+ =~ =
. bc -+ = 4+ - + = - 4+ = 4+ =+ =+
<
abe + + + + + 4+ - - = = - - - =
d - - 4+ -~ + o+ = 4+ = = o+ =~ 4+ 4+ =
. ad L e . . T T T I 3
= bd e T S R T
)
e abd + + + - - - - 4+ o+ o+ o+ - - - =
-~ cd T S S . T T
-.
3 acd + - - 4+ 4+ - = 4+ o+ = =+ o+ = =
- bed e T T o S
abcd + + 4+ + 4+ 4+ + + o+ o+ o+ o+ o+
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TABLE &.4

ANOVA Table for the 80 Minute Update

Source of Variation 85 df MS Fe
Grid Size (A) . 054 1 . 0S54 41.84~
Search Time (R) - 1645 1 . 14645 127,46~
Time Unit (C) 1.6465 1 1.6465 1275.74~
Detect Frob (D) . 1838 1 . 1828 142,39~
AR L0013 1 L0013 1.012
AC . 00773 1 L0072 9. 620
AD L0105 1 L0105 8.138=
BC . 0581 1 . 0581 45,025~
ED L0073 1 LO073Z S.62p
CD . 1398 1 . 1398 108,28«
ABC . 0099 1 L0099 7.677%
ARBD L0002 1 . 0002 . 193
ACD . 0068 1 . 0068 9.242¢-
EBCD . 00468 1 . 0048 5.24<
ABCD D003 1 . 0003 202
Errar Q413 32 <0013
Total 2.3387 47

« Signiticant at 1 percent

.

® Significant at 2.3 percent

= Significant at 5 percent
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. TABLE 4.5

:a: ANOVA Table for the 160 Minute Update

X Source of Variation SS df MS Fo

: Grid Size (A) L0074 1 L0874 27.3I24a-
: Search Time (E) L1376 1 L1376 2. 94~
. Time Unit (C) L 0S54 1 L0554 17.265~
! Detect Frob (D) . 3024 1 .3024 94,3837
; AB . O00OT 1 . 0000T 0065
: Aac . 0248 1 L0248 7.725=
. AD L0020 1 L0020 L6295
- EC LOT69 1 L0T69 11.50=
& BD LO00004 1 . DOOOO4E 00128
- CD L0514 1 L0514 16.0%=
ARC . 0083 1 - DO8T 2.58

" AED L0002 1 L0002 L0952
O

ACD L0158 1 L0158 4.921»

N BCD L0144 1 L0144 4,48
. ABCD L Q003 1 . GO03 L0799
; Error L1025 2 L0032
k. Total . 8395 a7
F ~ Significant at 1 percent

v B Significant at § percent
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TABLE 6.6

ANOVA Table for the 240 Minute Update

Source aof Variation d+ Fe

Grid Size (A) 07 2T i CO7ZT 26.83=
; Search Time (E) L1530 1 L 1S30 77.35=
; Time Unit () Q336 1 <0336 14,98~
y Detect Frob (D) . 2295 1 2255 113.997~
S AR D073 1 Q0732 3.4668F
ac . 0006 1 . 0006 . 3065
. AD 0029 1 - OO29 1.444
BC L0204 t L0204 10. 324
’ BD L0002 1 - 0002 .0874
‘ CD L0213 1 0213 10.75=
5 ARC . QOZS 1 D035 1.767
AERD . 0032 i . QOZ2 1.599
. ACD L0063 1 Q063 3.183"
- BCD L0054 1 Q054 2.736
é ARCD L0015 i 0013 T72
. Error L063T 32 L0012
. Total L6207 47
y
- ~ Significant at 1 percent
" v Significant at 10 percent
[
| ]

1

~
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Analysis qf Screening Runs. For each of the three

update times selected, all four main effects (effects due
only to one factor) caused significant changes in the result
(7:189). Using the magnitude of the resulting F test as an
indication of significance, the order of the four factors
from most significant to least significant is the condi-
tional detection probability, allotted search time, grid
size, and the time unit ot the stochastic process. Al though
all four factors are significant, 1f tradeofts are required,
a decision maker may be able to use the general inferences
Jjust stated to make a future decision. Evern more helpful
however, may be the inferences that can be made +from the
interaction effects.

Only 1nteraction effecte involving two factors i1nodi-

cated & significent change 1n the resulting probability

estimate. Any 1interaction eftect 1nvolving the grid size
(A) was not found to be significant On the other hand, the
time unit of the process () was tound to be significant

when combined with eitther the allotted search time (RE) ar
the conditional detection probability (D). Since B and D
individually seemed to be the most si1gniticant, the combined
sigriafircance was probably due more to just the etfects of B
and D with £ s effects relatively insignirfraant.

Results of this design do not 1ndicate which factors
are necessarily more signiticant tharn the obthers but  the
resulte can andicate wihinch factorse may need emphasis 1A

tradeoffs must be made. Frimarily, the results extracted

.....
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are two fold. First, all main effects are significant.
Second, each main effect 1is significant at all update times
in the range tested. If a decision maker has to decide
between a&a change in two factors such as aircraft altitude
(grid size) and sensors to use for the search (conditional
detection probability), results from this design can steer
the decision maker in the right direction. kKnowledge of the
significant factors and interaction effects allows an input
data set to be built for use in the "production" runs to

demonstrate the usefulness of the model.

Froduction Runs

To demonstrate the final output, an example SRT mission
is simulated. All variables are set to realistic values to
simulate an actual mission. The values remain the same for
all computer runs. Initially, 100 missions are simulated
with the aircrew receiving an intelligence update 20 minutes
prior to entering the search area. The number of hits
(divided by 100) is used as the estimate for the probability
of detection for that update time. A plot 1s started using
this result as the first data point.

Continuing, another 100 missions are flown with a 60
minute update and the procesc repeated as before. Each
subsequent run has the aircrews receiving an update IO
minutes earlier than the previous set of asircrews. After
the 16%" run representing an ei1ght hour update, a aone haur

increment 1s used between runs for the final eight runs, A

87
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total of 24 runs are made covering a range of update times
from 30 minutes to 260 minutes (16 hours). The table of
results is shown in Table 6.7 with the plot of all update
times and the respective detection probabilities shown in
Fig. 6.1, At this point a decision maker would have some
valuable 1nformation to help utilize his intelligence re-
sources. However, since this plot is only good for thig set
of 1input data, a new plot has to be generated +For each

different mission.

TABLE 6.7

Table of Example Results

Run Update (min) Detect Frob
1 0 .2
2 &0 <70
3 0 .46
4 120 o2
S 150 .S58
6 180 .47
7 210 .44
8 240 .49
? 270 .49

10 200 .47
11 A .42

12 360 . 40
13 390 .40

14 420 .47
15 450 .43
16 480 .47
17 5S40 <36
18 &EO0 <31
19 &60 32

20 720 27

21 780 .28

22 840 33

23 QOO 32

=4 P60 .36
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Developing the Confidence Bands

~

N For each run, the percentage of hits out of 100 mis-
2 sions was plotted against the update time corresponding to
A the run. However, as a further step, a confidence band was
Y :

g drawn around the estimated probabilities to better indicate
i the desired relationsh.ip.

Cal

: To obtain a confidence band around the computed curve,
'Ca

) the Ronferroni approach was used. A confidence interval for
? each estimate 1s constructed and each point plotted on the
j same graph with the estimated probabilities. By cannecting
¥ the points both above and below the original plot, a “confi-
’E dence band" will result. However, the accuracy of the band
3 and inferences that can be made depend on the confidence
' coefficient chosen and the number of confidence intervals in
X the "family" (how many estimates are involved).

N

g Each confidence i1nterval was built using a confidence
b coefficient (X)) of .01 which meang 9974 of the intervals
; computed at each update time will 1nclude the actual parame-
E ter value (actual detection probability) for that update
. time (B:707). Overall, since each run 1s 1ndependent, the
.. confidence coefficient 1s (1-o()9 where o is the confidence

coefficient for one interval and g 1s the number af esti-
mates (E:130). Therefore, the computed confidence coeffi1-
M \ - . o

" cient is:

(1-e¢)e = (-, 01)7* v .79 (20)
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) Bonferroni confidence intervals are constructed using
g the following formula(8:138):
i Yn * Bs(yn) (21)
i where: vyn i1s the estimated probability

B is the Benferroni constant (B=t{l-&/2g;jn-2))
3 ‘ g i1s the number of confidence intervals
N h is the sample si:ze

s(yn) 1s the standard deviation of the estimate
(S22, = p(1-p)/n)

vAN

The results of each calculation is shown in Table 6.8 along

with the previous results and the confidence band is plotted

on the graph with the estimated prababilities in Fig. 6.2.

D
2
-

e e,
.
[N AN

l'.‘ 2

AR
¥ &

[
.!'s.‘ .

.
0
2

Sriets

‘ Ke.r,

LN

AN

»
]
.

e
&

71

Ay v’

- BT T T P S TN NP NP
" o % " AN ‘x}:\ ﬂ” l‘l}‘l&})‘\‘-."_lﬁ.."_\l" A YOI AL LR SLN -‘\q:\ I " TP j



TABLE 4.8

Example Froblem Results With Confidence
Interval Calculations

- B=7%.405 Limits
) ) Run Update (min) Detect Frob s(9,.) E(s(yn)) Lower Upper
1 30 .92 L0027 .092 .828 1.012
2 &0 .20 O30 102 .798 1.002
g 3 0 .46 L 0S50 170 290 630
. 4 120 .52 . 050 170 L350 L6590
S 5 150 .58 . 049 . 167 413 747
& 180 .47 . 050 170 L300 L 640
7 210 .44 L 0S50 170 270 610
o 8 240 .49 . 050 L1170 LI20 0 L 660
-~ 9 270 .49 L 050 170 L3200 L6460
" 10 300 .47 L 050 170 L300 L 640
> 11 330 .42 . 049 L1647 .253  .587
1z 360 .40 . 049 167 L2330 L567
. 13 390 .40 . 049 . 167 C2E3 L 567
o 14 420 .47 . QS0 .170 L300 L640
> 15 450 42 . 050 .170 L 260 600
< 16 480 .4z . 050 . 170 260 L 600
W, 17 540 L34 .048 . 1463 .197  .S523
18 600 .31 . 046 . 157 L1553 L4867
_ 19 660 .047 . 160 L 160 480
“ 20 720 . 044 . 150 120 .4Z0
‘" 21 780 . 045 . 1S3 L1327 (433
- 22 840 I3 .047 . 160 170 490
" 23 P00 LI2 . 047 . 160 160 . 480
. 24 P60 .36 . 048 L1632 L197 . S23
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Interpreting the Flot

Before the project was undertaken, a generally accepted
thesis was that the closer the aircraft is to the target

when the update i1s received, the better the chance of find-

ing the target. Results from the example run are in line
with this thinking. However, as questioned earlier, haow
"clase" should the update be to the aircraft arrival time

to produce an acceptable detection probability.

Updates at 20 minutes and &0 minutes resulted in  much
higher detection probabilities (by more thanm .3Z0) than any
other point on the plot. As it turns out the input data
used required 6%9.46 minutes for the SRT to move half way
through one grid. Also, besides the move time, 20 minutes
of dwell time was required. Therefore, an SRT spent 159.8
minutes 1in qgrids that allowed stops. Since the aircraft
doee not know how long the SRT has been in the grid location
reported at the update time, the assumption made earlier in
Chapter 4 is that half of the total possible time has been
spent 1n the repcorted location. Based on this assumption,
79.8 minutes was used in every aircraft mission throughout
the example. Both the 30 and &0 minute updates are less
than the assumed time which means the aircraft assumes the
target cannaot move before the search begins. When a 20
minute update (or earlier) is received, one or more moves
will be assumed by the aircraft and the results show a

significant drop in the probability of detection +for that
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E particular wupdate time. Something significant happens
between the 60 and 20 minute updates.

i From this example, the conclusion reached is that the

o best detection probabilities can be achieved if the air-

cratt receives an update at a time that is less than half

the assumed dwell time of the target (where the dwell time

must 1nclude the move time through a grid, set up time, tear

M)

— down time, and actual sitting time in one spot). Actual
:E values from this example data may not be accurate, but
a significant changes in the detection probabilities indicate
A the value of a possible rule of thumb to carry over to
. future planning.

QN

y

“ Conclusion

- From the design of experimente, inferences were made
g concerning the significance of the selected factors. All
; main effects were found to be significant at all update
- times. Search time (B) and the conditional detection proba-
a bility (D) were thought to affect the overall probability of
EZ: detection slightly more because of the magnitude of the F
- test values. Interactions involving two factors seem to lend
'3 credence to this inference. When the time unit (C)Y was
4

combined with B or D, the interaction effect was also sig-
nificant for all update times. With these i1nferences 1in
mind, simulation runs were made to develop the desired plot.

Aircratt missions were simulated at different update

times to estimate the probability of detectiorn at each
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:, selected time. From the estimate, a plot was developed from
o

)

A which further inferences could be made concerning the "hest"
» time to send an intelligence update to the attacking air-
e

§ crew. A general conclusion drawn was that the update time
~ should be planned for a time less than one half the total
: time an SRT spends in one grid. While this is a general
- result {from one set of sample data, further testing could
- prove this inference to be a valuable rule of thumb.
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VII. Recammendations for Further Study

Intraoduction

Computer simulations are only as good as the assump-
tions they are built upon and the information put into the
model. Euilding & model to simulate SRT missions has so
much uwuncertainty surrounding the target movement and air-
cratt search, that the assumptions and input data are criti-
cal in determining the value of the results. More specifi-
cally, two areas require more research to improve the

model 's accuracy.

Ailrcraft Search

To form a realistic search pattern, the grids searched
by the alrcraft must all be connected. In this model, the
search pattern that was developed borrowed some ideas from
articles written about search theory. However, the frame of
reference 1in the literature did not consider feasible air-
craft flight paths. As stated in Chapter 1, most research
addressed the problem of maximizing the probability of de-
tection for a given amount of search effort or time.
Searching in this manner may result in the highest possible
detection probability (or at least an upper bound on the
probability) but does not ensure a feasibe search path.

More research 1s required to ensure the drids generated

tor the aircraft to search form a feasible search "path".

Two  approaches came to mind while studying the problem but
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time did not allow further implementation. One approach
could involve restrictions placed on the one-step transition
matrix, I+ the transition probabilities were input such
that the highest probabilities centered on a certain "path"
of grids (such as following & road), the resulting uncondi-

tional probabilities would reflect an appropriate path (Fiaq.

~J

1. However, one must be careful in this situation so as
not to restrict the search too much so that i1t 18

unrealistic.

Vo3 0
o.0 |oo |oo— Probden lity of
P"opong o ©.0 |©. //, -
F\D's\\t - - -> "7‘ \\‘ 3 ll'
l - _f__-—-’ e Ao‘uq\
Pq.th 0.0 QA—" °-3 5RT LOcaku'o'\

Fig. 7.1. Sample Search Area Where the
Frobabilities Form a Fath

A second approach takes the current search pattern one
step tarther. After computing the search pattern that gives
the upper bound on the probability, a check should be done
on the grids to be searched to ensure a path 1s formed. If
not, new grids can be selected to make the pattern & path by
continuing down the sorted unconditional praobability list.
In this way, the new grids selected still have the highest
probability of containing the target but with the added
canstraint of having to form a path with the other cselected
grids. A check such as this could be 1ncaorporated very

ezcsily 1ntoc the present model as a FORTRAN subroutine.

<8




While the actual values for the probability of detection
estimates may change, the shape of the curve generated from
the estimates versus the update times would not degrade much

and would more realistically reflect a real aircraft mission

LY

profile.

- - Target Time in Current Location

Another area that could improve the model deals with

S

how long the target has been in the current location when an
update 1is received by the aircrew,. An assumption made in

this model is that when the target is spotted by intelli-

| TRy

gence or by whatever means, the SRT has been there half of

the total time normally spent in one location. By dividing

SMANNSS

the time in half, the error from not knowing the exact time

should be reduced. For targets with short dwell times the

)

-

error will be small., However, as dwell times get larger,
arrors also increase. Since another assumption for the model

i that only short dwell time targets are being considered,

2%

more flexibility can be built into the model by developing a

N routine to better estimate how long the target has been in

v B %
3,%.0.

the current location when the update is observed.

As an example, 792.8 minutes was half the normal time

PLPSS A

spent in one grid for the SRT's in the previous example.
Actual time already spent in the reported grid at the update
time averaged about 62 minutes as calculated from the sample
output. In fact, only one run had an average time greater

than 79.8. Therefore, the target, on the average, had not

20T
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been 1in the reported location as long as the aircrew as-~

Ay

sumed. FBecause of this, the aircrew predicted a move by the

)

s

target before the target actually moved.

On the average, the searches were taking place in grids

~ -
» -

too far away from the reported position given at the update

time. A routine that could better estimate how 1long a

on -
i

- Ve

target has been in its current location could improve the

by A

accuracy of the model. However, more intelligence updates

4

may be required to compute this estimate and it may prove to

be too much effort tor the benefit gained. On the other

g B

hand, the extra research might turn up an estimating proce-

VN

dure that could improve the accuracy of the model.

‘o WA

Conclusion

Strategic relocatable targets are very uncertain crea-
N tures. Much uncertainty swrounds their pattern of movement
: and attempts to find them. HE Strategic Air Command and
. Fentagon planners are continually working to decrease this

uncertainty and to plan strikes against SRT's with a high

D bl
R R N LS

probability of success. However, much more work is still

needed.

R

r*e’s

From this model some of the uncertainty about the

target movement has been put to rest. So many problems still

3 TN

exist because every target in every section of enemy terri-

tory poses a unique threat with a unique set of information

RS

N

required to find and destroy each SRT. To build a general

>

model to cover all contingencies based on the appropriate
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input information may not be possible. However, this model
is an attempt to help clear away some of the uncertainty 1in
attacking strategic relocatable targets with the manned

bomber.
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FORTRAN Frogram

FROGRAM MAIN
I3 I I I IETE NI K I TN N I F W N N IERN RN

Y

THIS FROGRAM WORES IN CONJUNCTION WITH THE SLAM FROGRAM
"RELOC.TARGET" TO SIMULATE STRATEGIC BOMBERS ATTACEING
STRATEGIC RELOCATABLE TARGET (SRT 'S). IT IS USED TO DO
THE OFERATIONS THAT SLAM CANNOT DO. FOR THIS TYFE OF
FROGRAM, THE FRIMARY OFERATIONS ARE MATRIX OFERATIONS
AND SORTING. ALSO, SOME SFECIAL OUTFUT INFORMATION IS
EXTRACTED AND FRINTED TO AN EXTERNAL FILE TO AID IN
FOLLOW ON ANALYSIS. ALL TIMES ARE IN MINUTES AND RATES
ARE FER MINUTE.

‘l};$(¢L
* %k % %k % %k %k %k k k X
* k %k Kk k %k x ¥ ¥k ¥k X

\-' 22 22 S S LS Z TSI ZE B XSS RS SR EE ST ERTTETE RS
*DECLARATIONS
DIMENSION NSET (10000)
CHARACTER#*7 TYFE
REAL SFEED,AVGDIS,TGTDET
INTEGER DWELL ,SETUF, TERDWN,SEARCH,VELCTY
INTEGER INTTME,MFTIME,CRWRST ,RDUNIT ,WTUNIT,MAXEOX
INTEGER RUNCTR,UFINCR
*COMMON STATEMENTS
COMMON/SCOM1 /ATRIE(100) ,DD(100) ,DDL (100) ,DTNOW, I1,MFA,
MSTOF ,NCLNR
1,NCRDR ,NFRNT , NNRUN ,NNSET ,NTAFE ,SS (100) ,SSL (10G) , TNEXT,
TNOW, XX (100)

. a
)

AR

¢

".‘,l"l "". ‘.
*

COMMON/ INFTS/TYFE,SFEED, DWELL , SETUF , TERDWN , SEARCH ,
VELCTY

1,AVGDIS, INTTME ,MFTIME ,CRWRST, TGTDET , SERRAD , LSTGRD ,
RUNCTR , UF INCR

D) ;‘)."'

4
PP

vty ‘g

COMMON/ARAYS/ONESTF (169,169) ,STATUS (03 169) ,ACFTDT (169)
1,SRTFRE(169,2) ,DETECT (169) ,ALLSTF (169,169

. 1,FOSTIN(169) , TMFMAT (169,169 , TMFLOC (1&69)

1, TMFSRT (1469) ,TESTAT (0: 169)

o COMMON/RDWRT/RDUNIT ,WTUNIT
COMMON/ARYSZE/MAXEBOX

] COMMON @SET (10000)
" EQUIVALENCE (NSET (1) ,0SET (1))
v *OFEN INFUT AND DOUTFUT FILES
”r OFEN(UNIT=20,FILE="RELOC.SEVENV ' ,STATUS="0LD ")
OFEN(UNIT=21,FILE="RELOC.RESLTV ,STATUS="NEW ")
*INITIALIZE SLAM VARIABLES
NNSET=10000

a \c
a

~ANSS
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NCRDR=5

NFRNT=6

NTAFE=7

NFLOT=2
#SET INFUT AND OUTFUT FILE UNIT NUMEERS

RDUNIT=20

WTUNIT=21
*SET SIZE OF SEARCH AREA EOX FOR THIS RUN

MAXEOX=49
#READ IN DATA

REWIND (UNIT=RDUNIT)

*ONESTF (1,J3) IS5 THE ONE STEF TRANSITION MATRIX
DO 10, I=1,MAXEOX
READ (RDUNIT,*) (ONESTF (1,J) ,J=1,MAXEOX)
10 CONT INUE
#STATUS (1) IS THE VECTOR CONTAINING THE STATUS OF EACH
*GRID (0,1,0R 2)

READ (RDUNIT, *) (TFSTAT (1), I=0,MAXEOX)
*ACFTDT(I) 1S THE VECTOR OF AIRCRAFT SENSOR DETECTION
*FACTORS FER GRID

READ (RDUNIT,*) (ACFTDT (1) ,I=1,MAXEOX)

*SET TYFE OF TARGET

TYFE="'MOVAELE "’
*SET SFEED OF TARGET

SFEED=0. 25
*SET DWELL TIME OF TARGET (¢ FOR MOEBILE TARGETS)

DWELL=60
#SET TIME REQUIRED FOR SETTING UF IN A NEW LOCATION
*AFTER A MOVE

SETUF=15
#SET TIME REQUIRED TO DISMANTLE EQUIFMENT FOR & NEW MOVE

TERDWN=15
#SET SEARCH TIME AIRCRAFT IS ALLOWED

SEARCH=21
*SET AIRSFEED OF AIRCRAFT

VELCTY=b
*SET AVERAGE DISTANCE TARGET MOVES EACH TIME IT RELOCATES

AVGDIS=17.4
*SET INTELLIGENCE CYCLE TIME

INTTME=120
*SET TIME ALLOWED FOR MISSION FLANNING

MFTIME=60
*SET TIME REQUIRED FOR CREW REST

CRWRST=480
*SET THE TARGET DETECTION FACTOR

TGTDET=1.0
*INITIALIZE THE RUN COUNTER

RUNCTR=10
*INITIALIZE THE INCREMENT OF TIME FOR CHANGING THE
*UFDATE TIME

UF INCR=60
*RUN THE SLAM FROGRAM

CALL SLAM
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TEN

f: STOF
; END
K 22222222 2R 222222222 RRTLLRELE LSS S S LRSS F LR R
36 36 It 3 33 I I 3 I I I I I I A I I I W R I I W
v SUBROUTINE INTLC
':!. 2SS 22 2L 222 RE LTSI LILLLIEERELE SRS R 2SR L SR TR P L L FE E R F 2
N *SUBROUTINE INTLC IS CALLED AUTOMATICALLY BEFORE EACH RUN TO
" I *INITIALIZE AFFROFRIATE VARIABLES TO SFECIFIED VALUES
» tE 22 XSRS E SRS SRS RS LS ELILLLETIL SRS S ZEL LSRR S LT SR L
*DECLARATIONS
2y CHARACTER*7 TYFE
G REAL SERRAD,TGTDET,SFEED,AVGDIS
> INTEGER INTTME,MFTIME,CRWRST,DWELL
¥ INTEGER SETUF,TERDWN,VELCTY ,SEARCH
' INTEGER MAXEBOX,RDUNIT,WTUNIT,LSTGRD
INTEGER RUNCTR,UFINCK
- *COMMON STATEMENTS
" COMMON/SCOM1 /ATRIE(100) ,DD(100) ,DDL (100) ,DTNOW, II ,MFA,
., MSTOF , NCLNR
- 1 ,NCRDR ,NFRNT ,NNRUN ,NNSET ,NTAFE ,SS (100} ,SSL (100) , TNEXT,
‘ TNOW, XX (100)
- *
o COMMON/ INFTS/TYFE ,SFEED ,DWELL , SETUF , TERDWN,SEARCH,
e VELCTY
N 1,AVGDIS, INTTME ,MFTIME ,CRWRST,, TGTDET , SERRAD ,LSTGRD,
-, RUNCTR,UF INCK
*
- COMMON/ARAYS/ONESTF (169,169) ,STATUS(0: 169) ,ACFTDT (169)
3 1,SRTFRB(169,2) ,DETECT (169) ,ALLSTF (169 ,169)
~ 1,FOSTIN(169) ,TMFMAT (169,169) , TMFLOC (169)
- 1, TMFSRT (169) , TFSTAT (0:169)
\:_ »*
v COMMON/RDWRT /RDUNIT ,WTUNIT
*
o COMMON/ARYSZE/MAXEOX
- +SET THE SEARCH RADIUS OF THE AIRCRAFT
> SERRAD=8.7
e *ESTABLISH MINIMUM FUEL FOR THE AIRCRAFT TO STOF SEARCH
. XX(7)=50,0
. #SET FLIGHT TIME FROM TAKEOFF TO EEGIN SEARCH ‘
o XX (3)=T60.0
. *SET FUEL LOAD FOR THE AIRCRAFT (IN 1000 LES)
3 XX (6)=400.0
Y, *SET MAXIMUM NUMBER OF AIRCRAFT TOD FLY FER RUN
' XX(14)=10G.0
o *SET TIME BETWEEN FUEL DECREMENTS
-~ XX (36)=30.0
;I *SET AMOUNT OF FUEL TO DECREASE EACH DECREMENT (IN 1000 LES)
s XX(37)=0.0
5 *COMFUTE SYSTEM CYCLE TIME
XX (Z1)=INTTME+MFTIME+CRWRST+XX (3)
P *COMFUTE GRID SIZE
. XX (39) =GERRAD*2.0
*,
Y
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*COMPUTE TIME IT TAKES AIRCRAFT TO SEARCH ONE GRID
XX (5)=XX(29) /VELCTY
*SAVE VALUE OF FUEL LOAD
XX (40)=XX(&) .
*COMFUTE NUMBER OF GRIDS AIRCRAFT CAN SEARCH IN '
*ALLOTTED TIME
II=SEARCH/ XX (5)
XX(?)=I1

LIRS

*COMFUTE THE CONDITIONAL DETECTION FROEBAEBILITY (FROEBABILITY d
*QAIRCRAFT SENSES THE TARGET GIVEN THEY ARE EOTH IN THE SAME
*GRID) N
DO 10, I=1,MAXBOX .
DETECT(I)=TGTDET*ACFTDT (I) K
10 CONT INUE i
*COMFUTE GROUND TIME OF AIRCRAFT (TIME BEFORE TAKEOFF)
XX (1)=XX(31)=XX(3) <
*COMFUTE NUMBER OF GRIDS ON EACH SIDE OF SEARCH AREA BOX :
‘ I1=MAXBOX**#0.5 :
XX (25)=11 5
*SET TIME OF ARRIVAL IN FIRST GRID TO ZERO .
XX (49)=0.0 &
*COMFUTE TOTAL DWELL TIME (TOTAL TIME IN ONE GRID) FOR
*THE TARGET N
XX (21)=DWELL+SETUF+TERDWN N
* INCREMENT RUN COUNTER -4
RUNCTR=RUNCTR+1 ;
XX (47)=RUNCTR =
*COMFUTE THE INTELLIGENCE UFDATE TIME FOR NEXT RUN -
{ XX (2) =RUNCTR*UF INCR
*FOR MOVABLE TARGETS s,
IF(TYFE.EQ@. '"MOVABLE ') THEN y
* COMFUTE TIME TO MAKE ONE MOVE TO A NEW LOCATION
XX (38)=AVGDIS/SFEED :
* COMRUTE TIME TD MAEE ONE HALF MOVE TO A 3
i * NEW LOCATION f
XX (20)=XX(38) /2.0 3
* COMFUTE TIME UNIT OF STOCHASTIC FROCESS R
XX (41)=XX(21)+XX (38)
ENDIF
*FOR MOEILE TARGETS (CONSTANTLY IN MOTION) p
IF(TYFE.EQ. '"MOBILE ') THEN .
* COMFUTE TIME TO MAKE ONE MOVE TO A NEW LOCATION A
XX (38)=XX (39) /SFEED ’
] * COMFUTE TIME TO MAKE ONE HALF MOVE TO A
! * NEW LOCATION 2
XX (20)=XX(3Z8) /2.0 "
* COMFUTE TIME UNIT OF STOCHASTIC FROCESS
XX (41)=XX(38) _
ENDIF .

*SAVE INITIAL STATUS OF ALL GRIDS
DO 20, I1=0,MAXBOX
STATUS (1) =TFSTAT (1)
20 CONT INUE

[ RPN
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RETURN
END
t 22 222X TILSTLLILIEIESIILLRSLTISZITILISITLTSTITIL TSR L L X 2% 3
(2222222 TTILIILZIILLIELTTESLLZILISISSIEES SRS LSS SRR TR LR E L L L L E
SUBROUTINE EVENT (1)
22222 22 RS2 RS2 XSS EL LIPS LSS SLI SRS TS S L L L L2 LS
#*SUBROUTINE EVENT IS CALLED BY EVENT NODES IN THE SLAM
*FROGRAM TO DO MATRIX OFERATIONS AND OUTFUT ROUTINES THAT
*SLAM CANNQT DO
96 3 R IE I I I I I I I F I I I W I I I I I I I I IR
*DECLARAT IONS
DIMENSION GDSRCH(169,2)
REAL TEMF,TIME,FRETE
INTEGER NOMOVE ,SRTCTR,RUNCTR,UF INCR ,GRIDUF
INTEGER ACFCRT,RDUNIT,WTUNIT,MAXBOX,LSTGRD
*COMMON STATEMENTS
COMMON/SCOM1 /ATRIE(100) ,DD(100) ,DDL (100) ,DTNOW, II,MFA,
MSTOF , NCLNR
1 ,NCRDR ,NFRNT ,NNRUN,NNSET ,NTAFE ,SS (100) ,SSL (100) , TNEXT,
TNOW , XX (100)

COMMON/ INFTS/TYPE , SFEED,, DWELL , SETUF , TERDWN , SEARCH ,
VELCTY

1,AVGDIS, INTTME ,MFTIME ,CRWRST, TGTDET , SERRAD ,LSTGRD,
RUNCTR , UF INC

COMMON/ARAYS/ONESTF (169,169) ,STATUS (0: 169) ,ACFTDT (169)
1,SRTFRE(169,2) ,DETECT (169) ,ALLSTF (169,149}
1,FOSTIN(169) , TMFMAT (169,169) , TMFLOC (169)
1, TMFSRT (169) , TESTAT (0 169)
»*
COMMON/RDWRT /RDUNIT ,WTUNIT
»*
COMMON/ARYSZE /MAXEOX
*BRANCH TO THE CORRECT EVENT
GO TO (1,2,3,4,5,6,7,8,5,10,11,12,13),1
A 222 LS S LS R P R R E R T R R P S S AL T LTI TS PR E LR R LR L RS
*EVENT 1 COMFUTES THE TARGET LOCATION DISTRIBUTION FREDICTED
*FOR THE AIRCRAFT ARRIVAL TIME IF THE UFDATE IS FRIOR TO
*AIRCRAFT TAKEOFF TIME. THE DISTRIBUTION IS SORTED FROM
¥HIGH TO LOW FROBABILITIES SO THE AIRCRAFT SEARCHES THE
*HIGHEST FROBARILITY AREAS FIRST
tEEEEE S S LA RS SRS S SRS L E ST LTSS LSSSS ST TS LS ET LTSS LR R L R TR L

* COMFUTE THE TIME IT TAKES THE TARGET TO MOVE QUT OF
* THE FIRST GRID
1 TEMF=(XX(21) /2.0)Y+XX (20)
IF(TEMF.LE. XX (2)) THEN

* TGT MOVES OUT OF FIRST GRID BEFORE THE AIRCRAFT
* ARRIVES

II=(XX(2)-TEMF) /XX (41)
* COMFUTE NUMBER OF MOVES THE TGT WILL MAKE BEFORE
* ACFT ARRIVES

XX42)=11

107




-
N .

.

A

L
Pl

oy

>

)

LA

-
3

f2

PR A )

TR -

LA
(et

N

SR

- '.. {n"" It ." “. M

\“',V.
I ]

A

L

.A "‘ ,A "’ '\' “

*
.
-

L4

» 0.2

S 3

CALL NXTMVE

CALL NSTEF

CALL NEWFQOS

CALL LOCATN

CALL SORT
ELSE

* ACFT ARRIVES BE-ORE TGT COMPLETES FIRST MOVE

NOMOVE=1

CALL NEWFQS

DO 90, I=i,MAXBOX
TMFLOC (1) =FOSTIN (1)

0 CONTINUE

CALL SORT
#* SET THE TIME OF THE TGT'S NEXT MOVE FREDICTED
* BY THE ACFT

XXAZ2)=(XX(38)/2.0)+TNOW

ENDIF
*SET VALUES FOR OUTFUT STATEMENTS
I=XX(11)+1

FRETE=XX(2)-XX (3Z)

TIME=TNOW-XX (49)

GRIDUF=XX(15)

WRITE(WTUNIT,100) I FRETK ,GRIDUF,TIME
100 FORMAT (/' ', 'FOR MISSION NO ",I3, " AN UFDATE WAS

RECEIVED ' ,FQ.3.°
1 MINUTES BEFORE TAKEOFF /' °, THE TARGET WAS DETECTED
IN GRID NO

1,I1Z," AND HAD BEEN THERE ' ,F9.3,  MINUTES /)

RETURN
T e S e e e R Ry R s e e R R S R RS S R R
*EVENT 2 COMFUTES THE TARGET LOCATION DISTRIBUTION FREDICTED
*FOR THE AIRCRAFT ARRIVAL TIME IF THE UFDATE 15 AFTER THE
*ACFT TAKEQOFF TIME. THE DISTRIBUTION IS SORTED FROM HIGH TO
#L0OW FROBAERILITIES S0 THE ACFT SEARCHES THE HIGHEST
*FROBABILITY AREAS FIRST
s E TR R S R e T e R R R e R R R R S R R R S R
*COMFUTE THE TIME IT TAKES THE TGT TO MOVE OUT OF THE FIRST
*GRID

= TEMF=(XX(21)/2,0)+XX (20)
IF(TEMF.LE. XX (2)) THEN

* TGT MOVES OUT OF THE FIRST GRID EEFURE THE
* AIRCRAFT ARRIVES

II=(XXA(ZY-TEMF) /XX (41)
* COMFUTE NUMBER OF MOVES THE TG6T WILL MAKE BEFORE
* ACFT ARRIVES

XX (42)=11

CALL NXTMVE

CALL NSTEF

CALL NEWFOS
CALL LOCATN
CALL SORT
ELSE
* AIRCRAFT ARRIVES BEFORE THE TGT MOVES OUT OF
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* FIRST GRID
NOMOVE=1
CALL NEWFOS
DO 95, I=1,MAXBOX
TMFLOC (1) =FOSTIN(I)

95 CONTINUE

CALL SORT
* COMFUTE TIME OF NEXT MOVE FREDICTED BRY THE
* AIRCRAFT

XXA(22)=(XX (38) /2.0)+TNOW

ENDIF
*SET VALUES FOR THE OUTFUT STATEMENT
I=XX(11)+1

TIME=TNOW-XX (49)
GRIDUP=XX(15)
WRITE (WTUNIT,110) 1,GRIDUF,TIME
110 FORMAT (/" ', '"FOR MISSION NO ',I3, AT THE UFDATE
TIME THE TARGET W
1AS IN'/° ", 'GRID NO ',I%,° AND HAD BEEN THERE FOR -,
Fo.Z, MINUTES
1°7)
RETURN
22T TR R R S Ry Ry Yy I R Y 2
*EVENT Z RETURNS TO THE SLAM FROGRAM WITH THE NEXT GRID FOR
*THE AIRCRAFT TD SEARCH AND ALSO RETURNS THE FROBARILITY OF
*TARGET DETECTION GIVEN THE TARGET IS IN THAT GRID
FHHHHHH IR HHHR R REERR AN H R EIR IR KT IR IR RN RRRR
*UFDATE THE SORTED VECTOR FOSITION COUNTER
= SRTCTR=SRTCTR+1
*UFDATE THE NUMBER OF GRIDS SEARCHED
XX(10)=XX(10)+1.0
IF(SRTFRB(SRTCTR, 1) .6GT.0.0) THEN
* SEARCH THE NEXT GRID ON THE LIST
XX(1Z)=DETECT (SRTPRB(SRTCTR,2))
XX(8)=5RTFRE(SRTCTR,2)

ELSE
* NEXT GRID HAS A FROBAERILITY=0 OF TARGET FRESENCE
* GO BACEKE TO THE FIRST ONE ON THE LIST
SRTCTR=1

XX (12)=DETECT (SRTFRE(SRTCTR,2))
XX(8)=SRTFRE(SRTCTR,2
ENDIF
TIME=TNOW
I=XX (1)
*5AVE GRID BEING SEARCHED TO BE FRINTED OUT LARTER
GDSRCH(I, 1) =XX(8)
GDSRCH(I ,2)=TIME
RETURN
NI NI I I I I NI I W I NN I XK
*EVENT 4 RECOMFUTES THE UNCONDITIONAL LOCATION DISTRIBUTION
*WHEN THE TARGET IS ASSUMED TO HAVE MOVED DURING THE SEARCH
ERBERERREERREEREREREERERRAEE R R LR R XS XXX RR LA REERCRARR R L RR
*UFDATE THE NEXT FHEDRDICTED MOVE TIME
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N 4 XX (22)=XX (22) +XX (41)
. IF (NOMOVE.EQ. 1) THEN
* COMFUTE AFFROFRIATE N-STEF TRANSITION MATRIX
* FOR ONE MORE MOVE
i XX (42)=0.0
e CALL NSTEF
S NOMOVE=0
a ELSE
» XX(42)=1.0
; CALL NSTEF
2 ENDIF
2 CALL LOCATN
s CALL SORT
> * WRITE (WTUNIT,120)
= *120  FORMAT(//° ', 'THE TARGET MOVED DURING THE SEARCH'/
*, 'THE NEW TAR

*

1GET LOCATION DISTRIBUTION IS: '//° °“,12X, GRID
5 NUMEBER ', 10X, "PROE O

- * IF TARGET FRESENCE /)

- * DO 20, I=1,MAXBOX

~ * IF (SRTFRE(I,1).GT.0Q) THEN

o * WRITE (WTUNIT,130)SRTFRE(I,Z) ,SRTFRE(I,1)

< %130 FORMAT (12X,FS.1,23X,F5.3)

.. * ENDIF

e *20 CONT INUE

2, *RESET NEXT FOSITION IN SORTED VECTOR TO SEARCH THE TOF OF
#THE LIST

" SRTCTR=0

- RETURN

:-_- I Z 222 ST TS LE LSS ETEEELE LSS T ELLE S SIS L LD ER ST LS EETE S5 S

- *EVENT § RESETS AFFROFRIATE VARIAEBLES TQ GET READY FOR

™ *ANOTHER MISSION
222X XSS 222 S NS XL R LRSS SRS R SRR LR S AR R L R L R0 R b

o *RESET FOSITION ON SORTED VECTOR TO TOF OF LIST

e g SRTCTR=0

o *RESET NUMEBER OF GRIDS SEARCHED FOR THE CURRENT MISSION

b= XX (10)=0,0

*»RESET FUEL LOARD ON THE AIRCRAFT

XX (6)=XX(40)
. *FRESET N-STEF TRANSITION MATRIX TO THE ONE-STEF TRANSITION
- #MATRIX

¢

" DO 40, I=1,MAXEOX

N DO IO, J=1,MAXBOX

" ALLSTF (1,J)=0NESTF (1,J)
O CONT INUE

0 40 CONT INUE

*RESET STATUS OF ALL GRIDS TG THE CORIGINAL VALUES
by So, I=0,MAXBOX
STARATUS(I)=TFSTAT (1)
50 CONTINUE
#+RESET FIRST MOVE COUNTER TO INDICATE FIRS1T MOVE
XX(19)=0.0
#SET STATUS OF INIYIAL GRID TO o

‘ A AR
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XX(24)=3.0
*RESET TARGET DESTRUCTION MARKER TO "DO NOT DESTROY"
XX (26)=0.0
*RESET TARGET'S LAST FOSITION AS GIRD O
LSTGRD=0
*COMPUTE ROW OF CENTER GRID FOR INITIAL FOSITION OF TARGET
II=(XX(25)/2.0)+1.0
XX(17)=11
*SET INITIAL COLUMN FOSITION EQUAL TO THE INITIAL ROW FOR
*TARGET
XX (18)=XX (17)
*COMFUTE CENTER GRID NUMEER FOR TARGET INITIAL FOSITION
I1=(MAXBOX/2)+1.0
XX (15)=11
*SET INITIAL FOSITION VECTOR TO THE INITIAL GRID LOCATION
DO 60, I=1,MAXEOX
IF(I.EQ.XX(15)) THEN
FOSTIN(I)=1.0
ELSE
FOSTIN(I)=0.0
ENDIF
&0 CONT INUE
II=XX(11)+1
*FRINT MESSAGE FOR MISSION NUMEBER THAT IS STARTING
WRITE (NFRNT, 140)

140 FORMAT (* ", 72( %) /)
IF(XX(10).EQ.OQ) WRITE(NPRNT,150)1I1

150 FORMAT ¢© ', "AIRCRAFT NUMBER “,I%,  SEARCHING NOQW: /)
RETURN

KHEHUREFHEREFEETREREREEEEEELEEAEEEAE R ERRAELEREE LR AR AR ERRRR
*EVENT 6 RETURNS THE STATUS OF THE GRID WHICH THE TARGET IS
*TRYING TO MOVE INTO NEXT
KUKKUEKEEEEHEERTEH LR EEEEEREREAEERERERE R AR AR REEEEER RN
& II=XX(16)

XX (24)=5TATUS(ID)

RETURN
T R I T I T s S TR R L TSN
*EVENT 7 CHANGES THE STATUS OF THE NEW TARGET LOCATION TO 1
*AND THE STATUS OF THE OLD GRID BACKE TO 2
HRAERFEREERE AR RHEERRERE R TR R R XX EEE AR RA LR R X ER RN ER
7 II=XX(15)

STATUS(II)=1.0

STATUS(LSTGRD)Y=2.0

LSTGRD=11

RETURN
HEAEEKEEKEK A AT AT EHEERAEAREEE LB LA EREAE R AR LE R R R
*EVENT 8 FRINTS A MESSAGE WITH INFORMATION ABOUT THE NEW RUN
ERKEHREEEHEHEREREEEEEREEEL AR EEEF R AR AR AR R E R AR LR XA K EF XA N2
8 IT=XX(2)

WRITE(WTUNIT,160)
160 FORMAT (", 720" %') /)
*FRINT MESSAGE SHOWING THE NEW UFDATE TIME FOR THE CURRENT
*RUN

R B 20 G N R T B I B B T T R




. L o' S ARt A

WRITE(WTUNIT,170)11
170 FORMAT (/° ', 'UFDATE RECEIVED ",I14,  MINUTES BREFORE
SEARCH EBEGINS
1: /)
I11=XX(47)
WRITE (NFRNT, 180)
180 FORMAT (" ", 72¢( " %*°)/)
*FRINT MESSAGE SHOWING THE NEW RUN NUMERER
WRITE (NFRNT,1920)11
190 FORMAT (' *, 'FOR RUN NUMBER ",I13Z,"': /)
RETURN
P e P e P X E SRR LSS SIS LS SIS PSS LIS LS LS L R L R R 2 & R % L X X
*EVENT 92 FRINTS DUT MESSAGES T0O TRACE THE MOVEMENT OF THE
*TARGET AS WELL AS THE TIME OF THE MOVE
B R T R R 2L 2SR E R TS RIS 2SS 22 S S 20
G II=XX (24
TIME=TNOW
XX (49)=TNOW
IF(II.EQ.0O) THEN

I=XX(1&)

WRITE (NFRNT,Z00) I, TIME
200 FORMAT (© *, THE TARGET TRIED TO MQVE TO GBRID ',

1=, AT TIME -,
1 F11.3)
ELSEIF (11.EQ.1) THEN

I=XX(15)

WRITE (NFRNT,210) 1, TIME
210 FORMAT (© °, 'THE TARGET STARTED MOVING THROUGH

GRID ‘,I3," AT T
1IME " ,F11.3)
ELSEIF(II.ECG.Z) THEN

I=XX(15)
WRITE (NFRNT ,220) I, TIME
220 FORMAT (' ', 'THE TARGET ENTERED GRID NUMBER ~,I3,

AT TIME " ,F1
11.2, TO SET UF "
ELSEIF(ITI.EQ.Z) THEN
I1=XX(15)
WHITE (NFENT ,220) 1 ,TIME
220 FORMAT (' ', 'THE TARGET STARTED IN GRID NUMBER ',
12, AT TIME
1,F11.73)
ENDIF
FETLRN
I R R R R E S S R S R R R Y R R R R S PSSR AR SRS S SRR R R R L L R
#EVENT 10 FRINTS DUT A MESSAGE TO INDICATE WHY THE FREVIQUS
*MISSION ENDED
I R R R R R R E R R R R R R RS TS SIS SIS A S S AR LSS S R LR 2 X
10 II=XxX(44&)
I=XXx(11)+1
GO TO (501,202,503,504) ,11
501 WRITE(WTUNIT,240)1
240 FOURMAT (/7 ~,"MISSION NO ',I7,  ENDED DUE 70 NO SEARCH
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TIME ALLOWED

1°/7)
RETURN
S502 WRITE (WTUNIT,250) 1
250 FORMAT (/* ~, "MISSION NO °,IZ,  ENDED DUE TO ALLOTTED
SEARCH TIME E
1XFIRED " /)
RETURN
S03 WRITE(WTUNIT,260) 1
260, FORMAT (/" * 4 'MISSION NO ,I3%,° ENDED DUE TO AIRCRAFT
BELOW MINIMUM
1 FUEL /)
RETURN
304 WRITE (WTUNIT,270) 1
270 FORMAT (/" °, ‘'MISSION NO °,I3,° ENDED DUE TO TARGET
DETECTION /)
RETURN

EREAKEREEREREE KRR LT EREEREEER R AL R R ERE R LR ERARNRRH
*EVENT 11 FRINTS OUT THE SORTED UNCONDITIONAL LOCATION
*DISTRIBUTIDN COMFUTED FROM THE UFDATED INFORMATION THAT THE
*AIRCRAFT WILL USE TO SEARCH FOR THE TARGET INITIALLY

R R S SR R E T R I R T R I R R R YT
11 IJk=1

*11 WRITE (WTUNIT,=80)
*280  FORMAT(/‘' ’, INITIALLY, THE TARGET LOCATION
DISTRIBUTION ASSUMED E

* 1Y’/ ', THE AIRCRAFT IS (FROM HIGH TO LOW
FROBABILITIES): "//° ', 10

* 1X, 'GRID NUMEBER',10X, FROB OF TARGET FRESENCE ')

* DG 70, I=1,MAXEOX

* IF (SRTFRE(I,1).GT.Q) THEN

* WRITE (WTUNIT,290) SRTFRE(I1,2) ,SRTFRB(I,1)

%290 FORMAT (14X,FS.1,23X,F5.3)

* ENDIF

%70 CONT INUE

RETURN

SRR X R R AR RS e ST e T e eI I Y Y Y
*EVENT 12 FRINTS OUT THE LIST OF GRIDS SEARCHED B THE
*AIRCRAFT ON HIS MISSION IN THE ORDER THEY WERE SEARCHED AND
*ALSO FRINTS OUT THE TIME THE SEARCH IN EACH GRID STARTED
3960 I NI NI NI W KT KNI I IETE I IR N XK

12 WRITE (WTUNIT,300)
I00  FDRMAT (' ', 'THE AIRCRAFT SEARCHED THE FOLLOWING GRIDS
IN THE LISTE
1D ORDER: "//° ', ACFT NO’,10X, GRID SEARCHED ,11X,°
TIME SEARCH EEG
LtAN )
I1I1=GDSRCH (1,1)
I=XX(11)

WRITE (WTUNIT,Z10)1,11,GDSRCH(1,2)
310 FORMAT (' *,2X,I3,17X,13,20X,F11.3)
E=XX (10)
DO 80, J=2,K
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N 11=GDSRCH(J, 1)
s WRITE (WTUNIT,320) 11 ,GDSRCH(J,2)
320 FORMAT (* *,22X,13,20X,F11.3)
80 CONT INUE
WRITE (WTUNIT,330)
330  FORMAT(' " ,72( %°)/)
. RETURN
\ IZTZIETETIL LTI EILLIESSLIISS LIS ISLSLIIEISE SIS L L L 2L 2 2 2 2 L 3
s *EVENT 13 FRINTS A MESSAGE INDICATING THE AIRCRAFT FOUND THE
. *CORRECT GRID BUT THE SENSORS DID NOT SEE THE TARGET
xJ 2T LIS LIS LTSS LSS AL IS LSS LSS STLII TS S ES I E RS L S L L 2L L L X
L * *
I 13 II=XX(15)
s WRITE (WTUNIT,Z40) 11
» 340  FORMAT(/°' *, 'THE AIRCRAFT SEARCHED THE GRID THAT
; CONTAINED /" " ,°T
. 1HE TARGET BUT STILL MISSED'/° ',  (IN GRID NUMBER -,
- I3,/
> RETURN
N Y22 TTETI SIS LIILISRS LI LSS LLIISSISST ST IS SIS SIS LS 2 L8 2 X 3
\ END
¢ I ISR LT SIS LSL LIS E ST LTSS SIS SIS SIS S S LS E S 22 2 8 3
<% ETXTRITETLILLLITEIET SIS S I SIS SIS IS SIS SIS S 2 2 X L 8 2 2 L 3
M SUEROUTINE NSTEF
t I TR E TS TR SIS IET SIS EL RIS I SIS SRS S S S A S S L SR 2 2 & % 3
e *SUBROUTINE NSTEF COMFUTES THE AFFROFRIATE N-STEF TRANSITION
o *MATRIX CORRESFONDING TO THE NUMBER OF MOVES THE TARGET CAN
o *MAKE FROM THE TIME OF THE LAST UFDATE UNTIL THE TIME THE
. *SEARCH BEGINS
3 9 WA I I I I I I I IR I I IE I IE I I I I I I I I I I I I I I I I I I I K 9 *
... *DECLARATIONS
X REAL TEMF
. INTEGER NERMVE ,MAXEBOX
*COMMON STATEMENTS
- COMMON/SCOML/ATRIB(100) ,DD(100) ,DDL (100) ,DTNOW, 11 ,MFA,
A MSTOF , NCLNR
, 1 ,NCRDR ,NFRNT , NNRUN ,NNSET ,NTAFE ,SS (100) ,55L (100) , TNEXT,
v TNOW, XX (100)
5: »*
COMMON/ARAYS/ONESTF (169,1469) ,STATUS (0: 169) ,ACFTDT (169)
3 1,SRTFRB(169,2) ,DETECT(169) ,ALLSTF (169, 146%)
- 1,FOSTIN(169) , TMFMAT (169,169) , TMFLOC (169)
i 1, TMFSRT (169) , TFSTAT (02 169)
L *
N COMMON/ARYSZE /MAXEBOX
*NUMBER OF MOVES THE TARGET MAKES AFTER INITIAL MOVE
e 11=XX(42)
e DO &0, NBRMVE=1,I1
- * MULTIFLY THE N-STEF TRANSITION MATRIX BY THE
! * ONE-STEF
. Do 30, 1=1,MAXBOX
DO 20, J=1,MAXBOX
: TEMF=0.0
W DO 10, K=1,MAXBOX
'
2
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TEMF=TEMF+ (ONESTFP (1 ,E)*ALLSTF (K ,J))

: 10 CONT INUE
N TMFMAT (1,J) =TEMF
20 CONT INUE
30 CONT INUE
’ DO SO, I=1,MAXBOX

DO 40, J=1,MAXBOX
ALLSTF (I ,J)=TMFMAT (I ,d)

- 40 CONT INUE
S0 CONT INUE
b, 50 CONT INUE
! RETURN
) END
: I I 3 I I 3 A6 W I WKW I I I W WA I I I I I I K I I I I KK I I I I I I I I I K%

= B I I TN W I NN I I IE I I I I IR NN
SUBROUTINE NEWFOS

N 33963 I I I TN I TN I I IR XN RN

*SUBROUTINE NEWFOS RESETS THE INITIAL TARGET FOSITION VECTOR

. *TO THE NEW FOSITION ESTABLISHED FROM THE UFDATED

- *INTELL IGENCE INFORMATION

f A2 2L 2L ELT SIS LTSS ELLLTLITILELILISILISLELILEIS ST LS L L X3
. *DECLARATIONS

. INTEGER MAXEOX

S *COMMDON STATEMENTS

. COMMON/SCOM1 /ATRIE (100) ,DD(100) ,DDL (100) ,DTNOW, II,MFA,
. MSTOF , NCLNR
2 1 ,NCRDR ,NFRNT , NNRUN ,NNSET ,NTAFE ,SS (100) ,S6L (100) , TNEXT,
. TNOW , XX (100)
: »*

- COMMON/ARAYS/ONESTF (169,169) ,STATUS (02 169) ,ACFTDT (16%)
; 1,SRTFRE(169,2) ,DETECT (169) ,ALLSTF (169,169)

. 1,FOSTIN(169) , TMFMAT (16%,146%) , TMFLOC (169)

A 1, TMFSRT (169) , TFSTAT (02 169)

*

: COMMON/ARYSZE /MAXBOX

: *SET THE VECTOR FOSITION TO 1 FOR THE CURRENT TGT LOCATION

¢ *AND O FOR OTHERS

- DO 10, I=1,MAXEOX

‘ IF(I.EQ.XX(15)) THEN

, FOSTIN(I)=1.0

7 ELSE

T, FOSTIN(I)=0.0

‘ ENDIF

) 10 CONT INUE

: RETURN

END

o IR X2 R RS2SR RS R SRR LLLETIILIII LTSI SR L L LS
: [ Z2 2T 2L LSS R LS RS XS SRS ILLT IS LTSRS R B LR
" SUBROUTINE LOCATN

ﬁ (222 2L L RS R L E LSRR LT LIS LLISELIILILLL IS LIS L L L L
- *SUBROUTINE LOCATN COMFUTES THE NEW UNCONDITIONAL LOCATION
X #DISTRIBUTION OF THE TARGET
: (222 LSS LR LIRS RT R EE LR E ST LTS L E TS E LS LT LRSI E S R R

R
g

SR AL -‘5“'-"\ YRS



W #DECLARATIONS

I REAL TEMF

o INTEGER MAXBOX

: #COMMON STATEMENTS

k: COMMON/ARAYS/ONESTF (169,169) ,STATUS (0: 169) ,ACFTDT (169)
” 1,SRTPRE(169,2) ,DETECT (169) ,ALLSTF (169,169)

o 1,FOSTIN(169) ,TMFMAT (169,169) , TMFLOC (169)

. 1, TMFSRT (169) , TFSTAT (03 169)

i‘ *

‘. COMMON/ARYSZE/MAXBOX

*MULTIFLY THE UFDATED FOSITION VECTOR BY THE AFFROFRIATE
*N-STEF TRANSITION MATRIX
DO 20, I=1,MAXBOX
TEMP=0,0
DO 10 J=1,MAXBOX
TEMF=TEMF+ (FOSTIN(J) *ALLSTF (J, 1))

¥ 10 CONT INUE
Rt TMFLOC (1) =TEMF
o 20 CONT INUE
pi RETURN
~ END
3 J 3 3 I 3 I I I I I I I I I I I I K I I I I I I I I I K I K I I I I I K I IR
:x 36 33 6 3 3 I I I JE KK I I K6 W I W I H I F I I I NN I I K W
i SUBROUTINE SORT
RF 3636 3 3 36 36 I 3 J A A I W I W W W He W I W I I I I I K F I I I KKK KN
= #SUBROUTINE SORT SORTS THE UNCONDITIONAL LOCATION

#*DISTRIBUTION FROM HIGH TO LOW FROBARILITIES OF TARGET
*FRESENCE IN EACH GRID

:‘ t2 2SS LSS RSE LR A SIS LTS SR TSI ELLIISSLIELIT T ST LT EE L LS L 3
§ #*DECLARATIONS
- INTEGER MAXEOX,RDUNIT,WTUNIT
’g #*COMMON STATEMENTS
) COMMON/ARAYS/ONESTF (169,169) ,STATUS (01 169) {ACFTDT (169)
o 1,SRTFRE(169,2) ,DETECT (169) ,ALLSTF (169,1469)
- 1,FOSTIN(169) , TMFMAT (169,169) , TMFLOC (169)
- 1, TMFSRT(169) ,TFSTAT(0:169)
e %*
> COMMON/RDWRT /RDUNIT ,WTUNIT
*
o COMMON/ARYSZE /MAXEOX
. *
- DO 10, I=1,MAXBOX
o TMFSRT (1) =TMFLOC (1)
o 10 CONT INUE
DO Zo, I=1,MAXBOX
* INITIALLY FUT THE FIRST GRID INFORMATION AT THE
¥ * TOF OF THE LIST
Y SRTFRE(I,1)=TMFSRT (1)
: SRTFRE(I,2)=1.0
S DO 20, J=2,MAXEOX
* IF THE FROBAERILITY OF THE TARGET BEING IN THE
o * NEXT GRID ON THE LIST IS GREATER THAN THE
S * FROBABILITY ALREADY ON THE LIST, SWITCH THEM
w3
S
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IF (SRTFRE(I,1) .LT. TMFSRT(J)) THEN
SRTFRB(I,1)=TMFSRT (J)
SRTFRE(I,2)=J

ENDIF
20 CONTINUE
* MARE THE SFOTS ALREADY FUT ON THE SORTED LIST
TMFSRT(SRTFRB(1 ,2))=-1.0
0 CONTINUE
RETURN
END

IZZ XS E2ELETLLLIS L LSS SIS SR LSS L ST LI A L SIS LIRS SRS L2 X

E LT TSI ELITI LSS SSSTIS LS SE IS SIS S S S LSS S LSS S S LS R L XS
SUEROUTINE NXTMVE

I T T XTSI E IS LSS IISSSSZS SRS SIS ESI SIS IS & L X 4

*SUBROUTINE NXTMVE COMPUTES THE TIME THE AIRCRAFT ASSUMES

*THE TARGET WILL MOVE AGAIN

IS T T 2SS T EET SIS ST S SLTESLIELLEISSS SIS LS SRS SR L L LR LR L
COMMON/SCOM1 /ATRIB(100) ,DD(100) ,DDL (100) ,DTNOW, I1,MFA,

MSTOF , NCLNR

1 ,NCRDF , NFRNT , NNRUN ,NNSET ,NTAFE ,5S (100) ,SSL (100) , TNEXT,

TNOW, XX (100)
*
FSTMVE=XX (20) + (XX (21) /Z.O)
II=XX(42)
XX (22) =FSTMVE+ ( (XX (21)+XX (38)) % (I1+1))+TNOW
RETURN
END

I T X e E L 2 AT LR LR LTSS LSS RS ELEILIL S LSS S AL LIS SIS SIS LS ETE S L 8 X3
I e R P T S T R e e P S R R R R R R R L P S LSS S SRS LS LS LSS SIS SIS S L L X
SUEROUTINE OTFUT
I e P E T S E S SIS ILS ISR LSS S S SRS S LSS LSS I LSS LS L L X 2 3
*SUBROUTINE OTFUT FRINTS OUT ANY INFORMATION DESIRED OTHER
*THAN THE STANDARD SLAM QUTFUT
I E T2 L LS T P ST LT LTSI IS LTRSS ESS LSS LS SEE S EESLLELLI S EE L L S L 3
COMMON . SCOM1 /ATRIE (100) ,DD (100) ,DDL (100) ,DTNOW, 11 ,MFA,
MSTAOF , NCLNR
1,NCKDR ,NFRNT , NNRUN ,NNSET ,NTAFE ,SS (100) ,SSL (100) , TNEXT,
TNOW, XX (100)

RETURN

END
R R S RS R SRS SR RS A SR ST R R T
S 2 R R S S SR E R RS SIS R SRS ST S S 2T
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D2 ax e a3
5w

SLAM Frogram

GEN,OLYNICKE ,RELOCATABLE TARGETS, 12/13/85,3,N,N;
LIMITS,0,0,5;

b ;***********************************************************
' ;***********************************************************
:* THIS FROGRAM COMFUTES THE FROEBARILITY OF DETECTING
:* A STRATEGIC RELOCATABLE TARGET (SRT) BY A STRATEGIC
;% EBOMBER. INFUT VARIABLES AND THEIR DESCRIFTIONS ARE
:*# IN THE FORTRAN "FROGRAM MAIN". AFTER SOME VARIABLES
:%* ARE INFUT AND OTHER VARIAEBLE VALUES ARE INITIALIZED
i* WITH THE INFUT VALUES, THE COMBINATION NETWORK-

;* DISCRETE SIMULATION STARTS. A TARGET MOVES ACCORDING

3+ TO THE DEFINED STOCHASTIC FROCESS WHILE SIMULTANEQUSLY

H AN AIRCRAFT MISSION IS SIMULATED FROM THE TIME AN SRT

i* LEAVES ITS MAIN OFERATING BASE (MOB) UNTIL THE AIRCRAFT* "
: EITHER FINDS THE TARGET OR REACHES HIS TIME OR FUEL * )

H RESTRICTION. DURING EACH MISSION, THE AIRCRAFT WILL *

;* RECEIVE AN INTELLIGENCE UFDATE ON THE TARGET'S LOCATION=® -

v r e e v~

: 7l

* ok ok k ok k k %k %

i* A SERIES OF MISSIONS ARE FLOWN FOR EACH OF A SET OF * -
i*  UFDATE TIMES WITH A SUBSEQUENT COMFARISON OF THE FROEB-— * .
s* ABILITY OF DETECTING THE TARGET GIVEN A FARTICULAR * B

+* UFDATE TIME. FROM THIS COMFARISON, BASED ON OTHER

s*  INFUT VALUES, A CHOICE CAN BE MADE FOR AN INTELL IGENCE

i* UFDATE TIME THAT CAN ENSURE A HIGH FROEBRABILITY OF
;* DETECTION BY THE ATTACKING AIRCREW.
RIS I ST s T R L Ry Ty I R R

HE RS A SR SRR ALt s ssstas st st sl s Rttt 2 sl

* ok ok X

:***** THE NETWORE MODEL (22222222 TSI IIZIEIRS S SRR SR 2 3 -
NETWORE.; o
g***** DEFINITION OF VARIAERLES [ZEZTETETTLSR SRR LR 2 39 i
- -*
H XX (1) TIME FROM WHEN TARGET LEAVES MOE (TIME ) UNTIL ;
: AIRCRAFT T/0
H XX (2) TIME REMARINING UNTIL BEGIN SEARCH AFTER UFDATE 5
: RECEIVED I
; XX (2) TIME FROM TAEEQFF (T/0) UNTIL BEGIN SEARCH ‘
: XX (4) TIME FROM INTELL INFQ REC(TIME ¢©) UNTIL RECEIVE .
: UFDATE ¥
3 XX (5) TIME IT TAKES AIRCRAFT TO SEARCH ONE GRID
: XX (&) FUEL LOAD ON THE AIRCRAFT AT T/0 TIME ,ﬁ
' H XXA(7) MINIMUM FUEL WHEN AIRCRAFT MUST STOF SEARCH Q
: XX (8} GRID NUMBER AIRCRAFT IS5 SEARCHING §
H XX (9) NUMBER OF GRIDS THE AIRCRAFT CAN SEARCH IN :
H ALLOTTED TIME :
$ XX (1O THE NUMBER OF GRIDS SEARCHED S0 FAR BY THE .
: CURRENT AIRCRAFT -
: XX(1i1) NUMEBER OF AIRCRAFT FLOWN WITH CURRENT UFDATE

119 e




5 : TIME
X ;XX (12) NUMBER OF AIRCRAFT THAT MISS THE TARGET FOR ONE
v : UFDATE TIME
;XX (13) FROBABILITY OF AIRCRAFT DETECTING THE TARGET IN
. : THE GRID BEING SEARCHED GIVEN THE TARGET IS
A : THERE
o, L]
2 ; XX(14) MAXIMUM NUMEER OF AIRCRAFT TO FLY FER UFDATE
A ; TIME
N § XX (15) GRID NUMEER OF TARGET LOCATION
T XX {(1&) GRID NUMBER TO MOVE THE TARGET TO NEXT WHILE
b2 : THE STATUS OF THE GRID IS BEING CHECKED FOR AN
- : ACCEFTABLE MOVE
- T XX (17) ROW NUMBER OF THE TARGET LOCATION
< : XX(18) COLUMN NUMEER OF THE TARGET LOCATION
b T XX (19) MARKER: O-FIRST MOVE OF TARGET 1-SECOND OR
~ : LATER MOVE
- P XX (20) TIME IT TAKES TARGET TO MOVE HALF WAY ACROSS
2 : ONE GRID
o : XX(21) TOTAL TIME TARGET STAYS IN ONE LOCATION
, i XX (22 TIME FREDICTED BY AIRCRAFT FOR THE TARGET'S
v : NEXT MOVE
P XX (23 RANDOM NUMBER FOR DIRECTION OF TARGET'S NEXT
o : MOVE
- P XX (24) STATUS OF GRID CHOSEN FOR NEXT LOCATION
25 : 0 - STAY OUT
- : 1 - PASS THROUGH ONLY
'~ : 2 - RELOCATE
P OXX(25) NUMEER OF GRIDS IN ONE ROW/COLUMN OF REGION
- P XX (Z26) MAREER: O-CONTINUE MISSION 1-END MISSION
g i XX (27) RANDOM NUMBER USED IN TARGET IDENTIFICATION
“ P XX (28) NUMBER OF AIRCRAFT THAT DETECT THE TARGET FER
» : UFDATE TIME
: P XX (29) FROBARILITY OF DETECTION FER UFDATE TIME
~ 3 XX (IO DIFFERENCE BETWEEN THE SYSTEM CYCLE TIME AND
“ ; LATEST UFDATE
> i XX (31) SYSTEM CYCLE TIME (TIME FROM INTELLIGENCE
j: : INFORMATION COLLECTED UNTIL WEAFON OVER TARGET)
Ao i XX (3D) TIME INCREMENT USED BETWEEN UFDATE TIMES BEING
: CHECKED
. T OXXA(I3) MARKERK: O-NEXT RUN NOT LAST RUN
:i : 1-NEXT RUN IS LAST RUN
< 3 XX (35) TIME BETWEEN ACTUAL END OF MISSION AND LATEST
n : END FOSSIELE
) i XX (36) TIME BETWEEN DECREASES IN FUEL ON EOARD THE
— : AIRCRAFT
3 i XX (Z7) AMOUNT OF FUEL TO DECREASE THE AIRCRAFT FUEL
N : EACH INCREMENT
\§ P XX (38) TIME FOR SRT TO MOVE ONE GRID
S XX (I GRID SIZE IN MILES
<3 i XX (40) SAVES INITIAL FUEL LOAD BETWEEN RUNS
T XX (41) TIME UNIT OF STOCHASTIC FROCESS
T XX (42) NUMBER OF MOVES SRT MAKES AFTER FIRST MOVE
: BEFORE AIRCRAFT ARRIVES TO BEGIN SEARCH
N
-\
;L" 120
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3 XX (446) MARKER FOR REASON FOR MISSION TERMINATION
3 XX(47) YEEFS TRACE QF THE RUN NUMBER
3 XX (48) TIME BEFORE TAKEOFF THAT AN UFDATE MAY BE
H RECEIVED
s XX (49) SIMULATION TIME TARGET MOVES INTO A NEW GRID
§ NN CREATE AIRCRAFT AND FLY IT TO THE SEARCH AREA %
CREATES CREATE AIRCRAFT
ACT;
DOAGN ASSIGN,XX(11)=0,
XX(12)=0,
XX (a2B)=0, 1; RESET ACFT COUNTERS
FOR NEW RUN
ACT;

ACFT

‘aw

S EHER

EE T

UFDAT

EVENT ,8,1;

ACT;
EVENT,S,2;

ACT, , ,MOVE;
ACT;

ASSIGN, XX (4)=XX(31)-XX{(2), 13j
ACT, , XX (4) .GT.XX (1) ,UFDAT;

ACT , XX (453

COMFUTATIONS FOR UFDATE FRIOR TO
EVENT,1,1;

ACT;
EVENT, 11,13

ACT;
ASSIGN, XX (48)=XX(2)-XX(3), 23%

ACT,XX (48) , ,FULDN;

ACT , XX (48) ;

GOON, 13

ACT, XX (3) , ,SERCH}

COMFUTATIONS FOR UFDATE AFTER T/0
GOON, 23

ACT ;XX (1), ,FLILDN;

ACT , XX (4) ;
EVENT, 2,13

RESET OTHER VAR-
IABLES FOR NEW RUN

UFDATE VARIAEBLES
FOR A NEW

AIRCRAFT MISSION
CREATE TARGET
CONTINUE WITH
AIRCRAFT

COMFUTE TIME UNTIL
INTEL UFDATE

UFDATE COMES AFTER
TAKEOFF

UFDATE COMES BEFORE
T/0, DELAY

UNTIL UFDATE TIME
T/70 %% 3% 3 36 53 9 9 3 % % %% %
COMFUTE NEW TARGET
LOCATION
DISTRIBUTION

FRINT T6T LOCATION
DISTRIBUTION

COMFUTE T/0 TIME
START DECREASING FUEL
DELAY UNTIL T/0

TIME

FLY TO SEARCH AREA
2L 22 ST LT ER T

START FUEL
DECREASING AFTER
T/0

FLY TO UFDATE FOINT
COMFUTE TGT LOCA-
TION DISTRIBRUTION
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)

ACT;
EVENT,11,1;

ACT, XX (2) , , SERCH;
PEARN BEGIN SEARCH FOR TARGET
SERCH EVENT,3,1;:
ACT, ,XX (%) .EQ.0,E1MSG;
ACT , XX (5) , XX (15) .EQ. XX (8) ,CEFND;
ACT , XX (5) ;
GOON, 13
ACT, , XX (10) .GE. XX (9) ,E2MSG;
ACT, ,XX (&) .LE.XX (7) ,EIMSG;

ACT, , TNOW.GE. XX (22) ,MVAGN;

ACT, , , SERCH;

FRINT TGT LOCATION
DISTRIBUTION
FLY TO SEARCH AREA

(222 2L 2L 2L LS LT LS

FUT ACFT IN FIRST
GRID TO SEARCH
STOF, NO SEARCH
TIME ALLOWED

ACFT AND TGT IN
SAME GRID, CHECE
FOR DETECTION

STOF, SEARCHED ALL
GRIDS ALLOWED
STOF, ACFT AT
MINIMUM FUEL

TGT MOVED DURING
SEARCH

RECOMFUTE LOCATION
DISTRIBUTION

NO DETECTION,
SEARCH NZXT GRID

se¥xxst ACFT IN CORRECT GRID, CHECE IF DETECT TGT #Xxx*xx%¥x*

CEFND ASSIGN, XX (Z27)=UNFRM (0. ,1.,4), 13

ACT, . XX (27).LE. XX (13) ,E4MSG;

2T

ACT;

EVENT, 13,13
ACT, , XX (10) .GE. XX (9) ,EZMSG;
ACT, , XX (&) .LE. XX (7) ,EIMSG;

ACT, , TNOW.GE. XX (22) ,MVAGN};

ACT, , , SERCH;

CHOOSE RANDOM
NUMBER

RANDOM NUMBER LESS
THAN DETECTION
FROBABILITY, ACFT
FOUND TGT

SENSORS DID NOT SEE
TGT, CONTINUE
FRINT MESSAGE OF
DETECT FAILURE
STOF, SEARCHED ALL
GRIDS ALLOWED
STOF, ACFT aT
MINIMUM FUEL

TGT MOVED DURING
SEARCH

RECOMFUTE LOCATION
DISTRIEUTION

NO DETECTION,
SEARCH NEXT GRID

ixxxx RECOMFUTE TARGET LOCATION DISTRIBUTION  %%% %% %%% %% %%

MVAGN EVENT , 4,13
ACT, , , SERCH;

CONTINUE SEARCH
WITH NEW
DISTRIBUTION

g**** START TARGET MOVEMENT XK E XXX XXX EXREX XXX XX XXX E XX XXX

MOVE EVENT, 7,13
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FSMVE

;**
;**
TOFRW

TELME

NOGO

ULTCR

URTCR

MIDIF

ACT, XX (19) .EQ.O, ,FSMVE;
ACT:

GOON, 23
ACT,, ,DLAGN;

ACT ,STOFA(1);

ASSIGN XX (19)=1., 1: RESET FIRST MOVE
MARKER
ACT, , XX (26) .EQ. L ,WTTGT; STAGF, TARGET
DETECTED
ACT;
CHECE TARGET 'S CURRENT FOSITION BEFORE CHOUOSING NEW *x*
DIRECTION;: DIRECTIONS ARE ORIENTED AS UF=NORTH, * %%
DOWN=S0OUTH, LEFT=WEST, AND RIGHT=EAST:; FOR THE SEARLCH *
AREA BOX, THE LEFT EDGE=WEST SIDE, THE RIGHT EDGE= *xx
EAST SIDE, THE TOF ROW=NORTH SIDE, AND THE BOTTOM x% %
ROW=SDUTH SIDE * %%
GOON, 13

ACT, , XX (24).ERQ.O, OR.
XX(24) .EQ.3,TELME]

ACT, , ,NOGO;
EVENT, 9,13

ACT;

GOON, 13
ACT, XX (17).GT.1,BTMRW;
ACT, XX (18).6T. 1 ,URTCR;

ACT,.,ULTCR;
ASSIGN, XX (23) =UNFRM (0. , T.

ACT, XX (23).LT.1,EMOVE;
ACT, , XX (ZZ).LT.2,5EMVE;
ACT,, ,SMOVE:

GOON, 13
ACT, XX (18).LT.XX(Z5) ,MIDTF;

ACT:

ASSIGN, XX (Z3) =UNFRM (O, , 5. ,4) ,
ACT, , XX (27).LT.1,WMOVE;
ACT 4 XX (Z3) .LT.Z, SWMVE;
ACT,, ,SMOVE;

ASSIGN, XX (23) =UNFRM (0. ,S. ,4) ,

13

I

LOCATION TO ONE FOR
NEXT MQOVE

TGT'S FIRST MOVE,
DO NOT DWELL

SECOND OR LATER
MOVE, DWELL

BEFORE MOVE AGAIN

STAY IN CURRENT
GRID FOR
ASSIGNED DWELL TIME

STATUS OF CURRENT
GRID IS © DR =
STATUS OF CURRENT
GRID IS 1 OR Z
FRINT MESEAGE FOR
TGT MOVEMENT

T6T NOT IN TOF ROW
IN TOF ROW, BUT NOT
ON LEFT EDGE

TGT IN UFFER LEFT
CORNER

CHOOSE RANDOM
NUMBER FOR MOVE
MOVE EAST

MOVE SCOUTH EARST
MOVE SOUTH

IN TOF ROW, NOT
ON RIGHT EDGE

IN UFFER RIGHT
CORNER

CHOOSE RANDOM
NUMBER FOR MOVE
MOVE WEST

MOVE SQUTH WEST
MOVE SDUTH

IN MIDDLE OF TOF

- . e ~' " -.‘~ \‘~ \' -." . -7
o RO St C
Ao N e S Lo Ya e



ACT, , XX (23
ACT, ,XX(23) . LT.2,SEMVE;
ACT, ,XX(23) .LT.3,SMOVE;
ACT, XX (27) .LT. 4, SWMVE;
ACT, , , WMOVE ;

GUON, 13
ACT, XX (17) . LT. XX (25) ,LFEGE;

.LT.1,EMOVE;

ETMRW

ACT, ,XX(18).GT.1,LRTCR;
ACT,, ,LLTCR;

LLTCR ASSIGN,XX (23) =UNFRM (0. ,3.,4),
ACT, , XX (23).LT.1,NMOVE;
ACT, XX (Z3) . LT.2 ,NEMVE;
ACT, , ,EMOVE;

GOON, 13
ACT, XX (18) .LT.XX (Z5) ;MDETM;

LRTCR

ACT:
ASSIGN, XX (ZZ)y=UNFRM (0. , 3. ,4),

ACT, , XX (23).LT.1,NMOVE;
ACT, (XX (23).LT.2,NWMVE;
ACT, , , WMOVE ;

MDETM ASSIBGN, XX (23)=UNFRM (0. ,S. ,4) ,

1l

ACT, XX (23).LT.1,WMOVE:
ACT y XX (23) . LT. 2, NWMVE ;
ACT, , XX (23).LT.3,NMOVE:
ACT, , XX (23).LT.4,NEMVE;
ACT, , ,EMOVE;

LFEGE GDON, 13
ACT, , XX (18).6T.1,RTEGE};

ACT,, ,MIDLF;
MIDLF ASSIGN,XX (23) =UNFRM(0. ,S.,4) ,

ACT, , XX (23).LT.1,NMOVE;
ACT, , XX (Z3).LT.Z,NEMVE;
ACT, XX (23) .LT.3,EMOVE;
ACT, ,XX(23).LT.4,5EMVE:
acT, , , SMOVE;

RTEGE GOON,1j;

ACT , XX (18) .LT.XX(25) ,MIDEX;

124
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ROW

CHOOSz RANDOM
NUMECER FOR MOVE
MOVE EAST

MOVE SCUTH EAST
MOVE SOUTH

MOVE S0OUTH WEST
MOVE WEST

TGT NOT IN EBOTTOM
ROW

IN BOTTOM ROW,
ON LEFT EDGE

IN LOWER LEFT
CORNER

CHOOSE RANDOM
NUMEBER FOR MOVE
MOVE NORTH

MOVE NORTH EAST
MOVE EAST

NOT

IN BOTTOM ROW,
ON RIGHT EDGE
IN LOWER RIGHT
CORNER

CHOOSE RANDOM
NUMEER FOR MOVE
MOVE NORTH

MOVE NORTH WEST
MOVE WEST

IN MIDDLE OF EBOTTOM
ROW

CHOOSE RANDGM
NUMBER FOR MOVE
MOVE WEST

MOVE NORTH WEST
MOVE NORTH

MOVE NORTH EAST
MOVE EAST

NOT

TGT NOT ON LEFT
EDGE

TGT IN MIDDLE OF
LEFT EDGE

CHOOSE RANDOM
NUMEBER FOR MOVE
MOVE NORTH
MOVE NORTH
MOVE EAST
MOVE SOUTH
MOVE SOUTH

EAST

EAST

NOT ON RIGHT EDGE
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& ACT, , ,MIDRT; TGT IN MIDDLE OF
N RIGHT EDGE
C MIDRT ASSIGN, XX (23)=UNFRM(0O.,S.,4), 13 CHOOSE RANDOM
. NUMEER
o ACT, ,XX(23).LT.1,NMOVE: MOVE NORTH
. ACT, XX (22) . LT.2,NWMVE; MOVE NORT!! WEST
.- ACT, , XX (23) ., LT.T,WMOVE; MOVE WEST
G5 ACT , , XX (23) .LT.4,SWMVE; MOVE SOUTH WEST
=3 ACT,,,SMOVE; MOVE SOUTH
N MIDEX ASSIGN,XX (23)=UNFRM(O. &, ,4), 1, TGT IN MIDDLE OF
o SEARCH AREA,
0 : CHOOSE RANDOM
- NUMEER
.. ACT, , XX (23) . LT.1,NWMVE; MOVE NORTH WEST
= ACT, ,XX(22).LT.Z,NMOVE; MOVE NORTH
ACT, XX (23) .LT.Z,NEMVE; MOVE NORTH EAST
N ACT, , XX (23) .LT.4,EMOVE: MOVE EAST
. ACT, XX (23).LT.5,SEMVE; MOVE SOUTH EAST
o ACT, XX (22).LT.6,SMOVE ; MOVE SOUTH
- ACT, XX (23) .LT.7,SWMVE; MOVE SOUTH WEST
- ACT, , ,WMOVE; MOVE WEST
5 RERE MOVE TARGET I I I R Y R E IR L IR LR E R R
e NWMVE ASSIGN, XX (16)=XX(15)-XX(25)~1, 1; COMFUTE NEW GRID
" NUMBER
. ACT:
i EVENT 6,13 GET STATUS OF NEW
= GRID
- ACT, , XX (24) .EG. O, TOFRW; STATUS=0, DO NOT
e MOVE
e ACT; MOVE TO NEW GRID
- GOON, 23
" ACT, , ,HFMVE; MOVE TARGET 0OUT OF
OLD GRID
ne ACT,STOFA (S) 3 TO THE EDGE OF
. THE NEW GRID
” GOON, 13
- ACT, XX (Z6) LEG. 1 ,WTTGT; STOF, TARGET
. DETECTED
- ACT:
~ ASSIGN, XX (15)=XX(16),
e XX(17)=XX(17)-1,
SO XX (18)=XX(18)~1, 13 CHANGE 16T LOCATION
X TO NEW GRID
o ACT;
EVENT, 9,13 FRINT MESSAGE AROUT
> TGT MOVE
‘.:, - ACT
. GOON, 23
'2 ACT, , HFMVE; MOVE TARGET TO THE
- CENTER OF
ACT ,STOFA(S) 3 THE NEW GRID ‘
2 GOON, 13
N ACT, s XX (26) EQ. 1, WTTGT; STOF, TARGET
> »
3]
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ACT;
GOON, 13
ACT, , XX (24) .EQ. 1, TOFRW;

AcCT, , ,MOVE;

NMOVE ASSIGN,XX(16)=XX(13)-XX(25), 1s

ACT;
. EVENT,b,1;

ACT, ,XX (24) .EQ. 0O, TOFRW;

ACT;
GOON, 2;
ACT, , HFMVE;

ACT ,STOFA(S) 3

GOON, 13
ACT, , XX (Z6) .ER. 1 ,WTTGT;

ACT;
ASSIGN, XX (15) =XX (16) ,
XX (17)=XX{(17)-1, 13

ACT;
EVENT, 9,13

ACT
GOON, Z;
ACT, , sHFMVE;

ACT ,STOFA(S) ;
GOON, 13
ACT, , XX (26) .EQ.1,WTTGT;

. ACT 3
- GOON, 13
: ACT, XX (24) .EQ.1,TOFRW;

L% 0 du I )
» L |
:’\". o 0fs,
1

! |

[ e 4

ACT, , ,MOVE;

NEMVE ASSIGN, XX (16)=XX{15)-XX(25)+1,

A

.y

ACT;
EVENT 6,13
ACT, , XX (24) .EG&. O, TOFRW;

é

N ACT;

W 126

13

DETECTED

STATUS=1, MOVE
AGAIN BEFORE DWELL
STATUS=2, DWELL
BEFORE MOVE AGAIN

HE R A RS RS sEE s s s s LSS LTSS EL L L

COMFUTE NEW GRID
NUMEBER

GET STATUS OF NEW
GRID
STATUS=0, DO NOT
MOVE

MOVE TARGET QUT OF
OoLD GRID
TO THE EDGE OF THE
NEW GRID

STOF, TARGET
DETECTED

CHANGE TGT LOCATION
TO NEW GRID

FRINT MESSAGE AROUT
TGT MOVE

MOVE TARGET TO THE
CENTER
OF THE NEW GRID

STOF, TARGET
DETECTED

STATUS=1, MOVE
AGAIN BEFORE DWELL
STATUS=0, DWELL
BEFORE MOVE AGAIN

HE R R RS S L et RSt et L s A s e s X XS L SRR L0

COMFUTE NEW GRID
NUMBER

GET STATUS OF GRID

STATUS=0, DG NOT
MOVE
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GOON, 23
ACT, , ,HFMVE;

ACT ,STOPA(S)

GOON, 1
ACT, , XX (26) .EQ.1,WTTGT;

ACT;
ASSIGN, XX (15)=XX (16) ,
XX (17)=XX(17)-1,
XX(18)=XX(18)+1, 1;

ACT:
EVENT ,9,1;

ACT:
GOGN , 23
ACT, , \HFMVE;

ACT,STOFA(S) ;
GOON, 13
ACT, , XX (26) .EG.1,WTTGT;

ACT:
GOON, 13
ACT, XX (24) .ERQ.1,TOFRW;

ACT, , ,MOVE;

ACT;
EVENT 6,13

ACT, , XX (24) .EQ.0, TOFRW;
ACT;

GOON, 23
ACT,, ,HFMVE;
ACT,STOFA(S) ;

GOON, 13
ACT, XX (26) .EQ.1,WTTGT;

ACT;
ASSIGN, XX (15)=XX(16),
XX(18)=XX(18)+t, 13

ACT;
EVENT , 9,13

R A N R

MOVE TARGET OUT OF
OLD GRID
TO THE EDGE OF THE
NEW GRID

STOF, TARGET
DETECTED

CHANGE TG6T LOCATION
TO NEW GRID

FRINT MESSAGE AEROUT
TGT MOVE

MOVE TARGET TO THE
CENTER
OF THE NEW GRID

STOF, TARGET
DETECTED

STATUS=1, MOVE
AGAIN BEFORE DWELL
STATUS=2, DWELL
BEFORE MOVE AGAIN

3 36 30 I I AT Fe I I TN TN I I I T I I NN
EMOVE ASSIGN,XX(16)=XX(15)+1, 1;

EOMFPUTE NEW GRID
NUMBER

GET STATUS OF NEW
GRID
STATUS=0, DO NOT
MOVE

MOVE TARGET OUT QF
OoLD GRID
TO THE EDGE OF THE
NEW GRID

STOF, TARGET
DETECTED

CHANGE TGT LOCATION
TO NEW GRID

FRINT MESSAGE AROUT

........
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T6T MOVE

b
o ACT;
'- GOON, 23
, ACT, , sHFMVE; MOVE TARGET TO THE
0 CENTER
¥ ACT,STOFA(5) ; OF THE NEW GRID
! GOON, 13
‘ . ACT, XX (26) .EQ.1,WTTGT; STOF, TARGET
e DETECTED
v ACT:
3 GOON, 1
- ACT, , XX (24) .EQ.1,TOFRW; STATUS=1, MOVE
3 AGAIN BEFORE DWELL
s ACT, , ,MOVE; STATUS=2, DWELL
= BEFORE MOVE AGAIN
w H tE2 222 S22 EL S ELT LI LIS LSS ETLSILIILSLIILLS SIS LSS LS LY ¥ 3
o SEMVE ASSIGN, XX (186)=XX(15)+XX(25)+1, 13 COMFUTE NEW GRID
0 NUMBER
o ACT;
o EVENT,6,13 GET STATUS OF NEW
. GRID
. ACT, ,XX(24) .EQ.O, TOFRW; STATUS=0, DO NOT
% MOVE
2 ACT:
X GOON, 23
% ACT, , ,HFMVE; MOVE TARGET QOUT OF
OLD GRID
_ ACT,STOFA(S) 3 TO THE EDGE OF THE
- NEW GRID
‘A GOON, 13
X ACT, , XX (26) .EQ.1,WTTGT; STOF, TARGET
o DETECTED
| ACT;
- ASSIGN, XX (15)=XX(1&),
- XX(17)=XX(17)+1,
- XX(18)=XX(18)+1, 1; CHANGE TGT LOCATION
e TO NEW GRID
2 ACT;
EVENT, 9,13 FRINT MESSAGE AEBOUT
. TGT MOVE
W ACT;
f.: GOON, 23
, ACT, , yHFMVE}; MOVE TARGET TO THE
N CENTER
- ACT,STOFA(S) 3 OF THE NEW GRID
5, GOON, 13
N ACT, XX (Z26) .EQ. 1 ,WTTGT; STOF, TARGET
2 DETECTED
» ACT;
Y GOON, 13
‘ ACT, , XX (24) .EG. 1, TOFRW; STATUS=1, MOVE
B\ AGAIN EBEFORE DWELL
) ACT,, ,MOVE; STATUS=2, DWELL
" 128
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"
< BEFORE MOVE AGAIN
~~ H tE 222 222 222X LTS LTSI S RIS ASLZELILTIIIZ ST TR LSS SRS 2R
k) SMOVE ASSIGN,XX (16)=XX(15)+XX(25), 13 COMFUTE NEW GRID
: NUMBER
;l ACT;
; EVENT,6,13 GET STATUS OF NEW
el GRID
e ACT, ,XX (24) .EQ.0O, TOFRW; STATUS=0, DO NOT
. MOVE
’ ACT;
y GOON, 23
S ACT, , ,HFMVE}; MOVE TARGET OUT OF
b OLD GRID
- ACT,STOFA(S) § TO THE EDGE OF THE
NEW GRID
GOON, 13
Y ACT, , XX (26) .EQ.1 ,WTTGT} STOF, TARGET
e DETECTED
- ACT;
S ASSIGN, XX (15)=XX(16) ,
: XX(17)=XX(17)+1, 13 CHANGE TGT LOCATION
TO NEW GRID
ACT;
L EVENT,9,13 FRINT MESSAGE ABOUT
X TGT MOVE
- ACT;
GOON, 23
. ACT, , ,HFMVE}; MOVE TARGET TO THE
- CENTER
< ACT ,STOFA(S) 3 OF THE NEW GRID
= GOON, 13
- ACT, , XX (Z&6) .ER. 1 ,WTTGT; STOF, TARGET
v DETECTED
. ACT;
- GOON, 13
K. ACT, ,XX(Z4) .EQ.1,TOFRW; STATUS=1, MOVE
- AGAIN BEFORE DWELL
o ACT,, ,MOVE; STATUS=2, DWELL
BEFORE MOVE AGAIN
a H (23 2RI E ST SIS SIS LSS IS L E LIS IS ZE LY L L L LR
e SWMVE ASSIGN,XX (16)=XX(15)+XX(25)-1, 1: COMFUTE NEW GRID
- NUMEER
X ACT;
N EVENT, 6,13 GET STATUS OF NEW
' GRID
, ACT, ,XX(24) .EQ. O, TOFRW; STATUS=0, DO NOT
N MOVE
~ ACT;
) GOON, 23
) ACT, , ,HFMVE; MOVE TARGET OQUT OF
: OLD GRID
s ACT,STOFA(S) 3 TO THE EDGE OF THE
N NEW GRID
>
>
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v GOON, 13
o ACT, ,XX(26).EQ.1,WTTGT; STOF, TARGET
A DETECTED
. ACT;
o ASSIGN, XX (15)=XX(1&) ,
N XX(17)=XX(17)+1,
,§ XX (1B8)=XX(18)~1, 1} CHANGE TGT LOCATION
¢ TO NEW GRID
oA ACT:
] EVENT, 9,13 FRINT MESSAGE AROUT
hp: TGT MOVE
) ] ACT;
o GOON, 23
b ACT, , ,HFMVE; MOVE TARGET TO THE
CENTER
ACT,STOFA(S) ; OF THE NEW GRID
- GOON, 13
ACT, , XX (26) .EQ.1,WTTGT} STOF, TARGET
- DETECTED
W ACT;
™ GOON, 13
, ACT, , XX (24) .EQ. 1, TOFRW; STATUS=1, MOVE
S AGAIN BEFORE DWELL
:; ACT,, ,MOVE; STATUS=2, DWELL
o EEFORE MOVE AGAIN
\:; : L2 &2 S22 SRS 2L SR L L LIS LTI ISILIESIEELI LSS LR L
- WMOVE ASSIGN,XX(16)=XX(15)-1, 13 COMFUTE NEW GRID
NUMEBER
0 ACT;
oY EVENT 6,13 GET STATUS OF NEW
i GRID
L~ ACT, , XX (24) .EQ. 0O, TOFRW; STATUS=0, DO NOT
. MOVE
? ACT;
] GOON, 23
> ACT, , sHFMVE; MOVE TARGET OUT OF
3 OLD GRID
ACT ,STOFA(S) 3 TO THE EDGE OF THE
e NEW GRID
- GOON, 13
= ACT, ,XX(26) .EQ.1,WTTGT; STOF, TARGET
S DETECTED
)’ ACT;
o, ASSIGN, XX (15)=XX (16) ,
XX (18)=XX(18)-1, 1; CHANGE TGT LOCATION
o TO NEW GRID
o ACT;
~e EVENT,9,13 FRINT MESSAGE ABOUT
o TGT MOVE
¢ ACT;
GOON, 23
~ ACT, , sHFMVE; MOVE TARGET TO THE
w CENTER
-
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ACT,STOFA(S) ;
GOON, 13
ACT, , XX (26) .EQ. 1,WTTGT;

ACT;
GOON, 13
ACT, ,XX(24) .EQ. 1, TOFRW;

ACT, , ,MOVE;

DELAY FOR DWELL TIME
GOON, 1
ACT, XX (21) 3

GOON, 13
ACT, , XX (26) .ER. 1 ,WTTGT;

ACT;
ASSIGN,STOFA=1,
ACT;
TERM;
FUEL DECREASE
GOON, 13
ACT XX (36) ;

13

ASSIGN, XX (&) =XX (&) =XX(37),
ACT, , XX (26) .EQ. 1 ,WTTGT;

ACT, , ,FULDN;
MOVE THE TARGET ONE HALF
GOON, 13

ACT , XX (20) 3

GOON, 13
ACT, XX (26) .EQ. 1 ,WTTGT;

ACT;
ASSIGN,STOFA=S, 13
ACT;
TERM;

MISSION COMFLETION MESSAGE

ASSIGN, XX (46)=1.,
ACT:
EVENT, 10,13

1;

ACT, , ENFLT;
ASSIGN, XX (46)=2.,

ACT;
EVENT,10,1;

1z

W 36 3 I W I 3 W WA W I I I IR K WA WA KR

36 36 9 36 3 B A I I I I I W I I I I K I I I W KK IR

R R T L
SR LSRR B ARG S

OF THE NEW GRID i,

STOF, TARGET
DETECTED

STATUS=1, MOVE
AGAIN BEFORE DWELL
STATUS=2, DWELL
BEFORE MOVE AGAIN

DELAY FOR DWELL
TIME

STOF, TARGET
DETECTED

.,

)
a v
ok B

RELEASE TGT ENTITY

FLY ONE MORE
MISSION SEGMENT

1; DECREASE FUEL USED
LAST SEGMENT
STOF, TARGET
DETECTED
OF A GRID 3 39 96 96 U 96 I 96 3 I 9 4 9 B

DELAY FOR ONE HALF
OF A MOVE

STOF, TARGET
DETECTED

RELEARSE TARGET
ENTITY

222 222X 2SS 2 S L S LR R LS

FRINT MESSAGE
ABOUT NO SEARCH
TIME ALLOWED

FRINT MESSAGE
ABOUT ALL SEARCH
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E4MSG

P ERNR
ENFLT

R L1y
WYTGT

sn ay

ACT, , ,ENFLT}
ASSIGN, XX (4K6)=3., 13
ACT;
EVENT,10,15

ACT, , ENFLT;
ASSIGN, XX (46)=4., 1;
ACT;
EVENT,10,1;

ACT,,, IDENT;

END FLIGHT,NO DETECTION

ASSIGN, XX (11)=XX(11)+1,
XX(12)=XX(12)+1,
XX (26) =1,
STOFA=1,
STOFA=S, 1;

ACT:
COLCT XX (12) ,NUMBER MISSES;
ACT, , ,WTTGT;

END FLIGHT, FOUND TARGET

ASSIGN, XX (11)=XX(11)+1,
XX (28)=XX(28) +1,
XX(26)=1,
STOFA=1,
STOFA=S, 1;

ACT;
COLCT, XX (Z8) ,NUMBER HITS;
ACT, , ,WTTGT;

AIRCRAFT WAITS FOR ALL OTHER STRAY ENTITIES

ACCUM,4,4,,1;

ACT;
ASSIGN, XX (29)=XX(28) /XX (11),

ACT;
EVENT,12,1;

ACT;

—
o
S

3 3 3 3 W A I I IE I I K I I I I I ¥

TIME USED

FRINT MESSAGE
ABOUT ACFT BELOW
MINIMUM FUEL

FRINT MESSAGE
ABOUT TGT DETECTED

COUNT AIRCRAFT
MISSES AND

MARE TARGET FOR
DESTRUCTION

3 A I X IR KK KX KKK

COUNT AIRCRAFT
HITS AND

MARE. TARGET FOR
DESTRUCTION

5 9 93K X
WAIT FOR ALL
ENTITIES(AIRCRAFT,
TARGET ,FUEL, AND
DWELL /MOVE)

i COMPUTE FRACTION OF
TGT 'S FOUND

FRINT THE GRIDS THE
AIRCRAFT SEARCHED
AND THE TIME THE
SEARCH BEGAN

1

LT R - -

|
SPRY Sy AP ..-_.-' e ‘,-_;,-.“.- .- ‘:.'\’1'.;.‘.“.'_'.-.;.'_";:;.- ”



A gk [ AR St 'a At 2 A Rl e b’ T Y 5 N T I I N I Y TR LI 4 P

COLCT, XX (29) ,Fr DETECTION;
! ACT,,XX(11).EQ.XX(14) ,DONE; RUN COMFLETE, FLEW
M MAX NUMBER
: OF MISSIONS ALLOWED
ACT,, ,ACFT; FLY NEXT MISSION
: E P2 ELEL TSI LETEILLLISLIS SIS E LRSS LS ESS AL SIS SIS S S 2 2 X X 3
DONE TERM, 13 END RUN
, e ENDNETWORK ;
- H I X T2 L ST R LTSS IR LSS SIS SLASIIL LIS ESE S L S 2 2 2 X 8 4
SEEDS, 0 (1) /Y, 0(2) /Y, 0(3) /Y, QC8) /Y ,0(S) /Y, 006) /Y, 0(7)/Y,
0(8) /Y,0(9) /Y3
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