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FOREWORD

In 1982, the Yort S111 Field Unit of the U.S. Army Research Institute
(ARI) developed a method for estimating hew many launchers a Corps Support
Weapon System (CSWS) platoon leader will be able to control. To address
the issue of platoon leader span of control, the Field Unit developed a
computer-based simulation model that predicts platoon leader purformance
under various levels of task load. This report describes the develop-
ment of the simulation model, some findings gencrated by the model when
it was used to estimate the span of control for CSWS platoon leaders,
and the uses to which the model could be put by system developers. The
research was conducted as part of au effort to develop tools for the
analysis of new weapon systems.

. 0/ '

EDGAR M. JOHHNSON
Technical Director
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A DECISION AID FOR ADDRESSINC SUPERVISOR SPAN OF CONTROL PROBLEMS

S
}?2 EXECUTIVYE SUMMARY
,fJ Requirement:
!\:ﬁ In 1982, the Fort Sill Field Unit of the Army Research Institute (ARI)
AN devaloped a method for estimating how many launchers a Corps Support Weaporn
.fﬁ System (CSWS) platoon leader will be able to control. The Director of the
o CSWS Special Task Force was concerned with the tradeoff between number of
ﬂJ launchers controlled and platoon leader workload. To conseive resources,
,{: it would be desirable to have each platoon leader control many launchers.
LTy Increasing the number of launchers controlled, however, would also increase
) workload. At some point, the number of launchers would exceed what the
'ﬁﬁ platoon leader could adequately control, he would fall behind in completing
R his tasks, and the performance of the platoon would suffer. WNo direct
?j empirical data could be cobtained since the CSWS was still at the concept

‘ development phase, and an alternative source of data was required,
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Procedure:

A computer-based simulation model was developed to address the tradeoff
between number of launchers controlled and platoon leader workload. The
computer-based model consists of two components: (a) a task library and
(b) a computer program that operates upon the data contained in the library,
The task library consists of a list of tasks along with 1nformation about
each task: (a) its priority level; (b) the typical time interval between
successive requirements to perform the task during combat of low, moderate,
and high intensity; and (c) the typical time required to perform the task
given the number of launchers being controlled. The computer program
operates upon the information contained in the task library tc gemerate
predictions of platoon leader performance. The indicators of performance
generated by thc model are all concerned in one way or another with how
well the platoon leader is uble to keep up with the tasks he is required to
perform. The model was used In a simulation experiment to evaluate the
effects of platoon size and level of combat intensity on CSWS platoon
leader performance.
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Findings:

Three launchers would he a reasonable number for a CSWS platoon leader
to control; the number should not ciceed four. The results of the simula-
tion experiment also suggest that the model could be useful as a tool
during the development of CSWS and other systems.
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Utilization of Findings:

Tee e e,

The simulation model is intended ts be a tool to supplement the judgment

-

ol

f?: of system developers by providing necessary but difficult to obtain infor-
i(- mation. The simulation model makes the user of the model aware of how task
Y performance will be affected by what the platoon leader is asked to do and
Ch the conditions he is subjected to as he performs the tasks. The model

o users will need to be aware of factors that cannot be addressed by the

o simulation model, and to consider those factors in making decisions that
L affect platoon leader workload. The model presented here could be used
I to simulate the performance of a wide range of supervisors.
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A DECTISTON ATD 1FOR APDRESSING KUPERVISOR
SPAN OF CONTROL PROBLTMYS

INTROMICTTON

Background

In 1282, the ¥ort S011 Fleld it of the Avmy Rercatoch tnat ftute (ARD)
developed a wethod tor estimat fug how many Taunchsta a Conpua Sappesrt Weagen
System (CSWS) platoon leador will he able to contial,  dhe Dhyedtor of the
CoWS Spectial Task VForce was converned with the tiadeol ( botweon vumber ol
launclicrs controlled amd platoon leader workload,  To coneesrve 1eannroes,
{t would be desivable to have vacl plntoon teador control many Tawm heova
Inereaning the numbeyr of lauwnchora contiolbed, hoewevey o wonld o nlsee
fncveane workload, At mome point, the anebher wonld exssed what the pla
toon leader could adoquately contiol, he wonld Tall behind ta conplat by
hisn tankn, and the pevtovmance of the platoon wonthd sal for,

Bovaure CHWS wan only at the concept definttion phare of dove lopment,
a computet-haded almulat lon model wan doveloped (o addiana the tradenrt
between wnmber of Taunchern contiolled and platoon Teader wotkload,  The
model and the rensults v o wtnulat fon vaper fment wete douor fhieil {na yepont
wirftten tor the Spectal ‘inuk Force (Coke & Gaeene, 1Y), The reeenti e vare
conducted an part ot an ettort to develap toeks far the anelyvets ol tew

woeapon Byut v,
Purpone

The purpose of thin teport e 1o dencribe the wlmulat tan mode ]l and o
develop the concupt of unfug the model an o decfnton ald durloug wyel em
development,  Although the computer model will be dbuouswned T tarmn of
simulat iny CSHS platoon leader potormance, (0 shiondd be o lear That Che
model could be vred 1o aimulate performanie (o othey wopervtmney wom bt o
The vent of the report descy fhos the simulat ton model, ten capabif 1 T,
and the une to wiidebh 1€ could he put by avatom developers,

THI STMULAT1ON Mo

The computer-bhaned mode] connints of two componen s ifie Tiyvai s L
feoa tnak Tibrvany (uee Appendtix A) ;) the second tu o vompeten poegias tha o
At aoon the data comtalaed Do the Hiba - e Apaa o by "o

Task JLibrayy

Because the rgnntzational & Operatbonal Coneptn COR0) o Wl 0
the Multfple Lavnch Rocket Syntem (MERS) vete 0o b swbmdb Ly poand T v
MLRS was much twther along o fty develbooment than was oni 0 MER G wae
uned as o oseterence wyntem to develop o tank Hihoa The dembuboap and




Doctrine Command (TRADOC) System Manager's Office for MLRS provided a ¢a‘t
field manual and a draft of the MLKS system organization, tactics, and tech-
niques (SOTT) concept for OT-II1 so that we could identify the tasks to be
performed by an MLRS platoon leader.

As we developed a tagk list, the tasks seemed to fall into two cate-
porien. In one category were tasks with clearly identifiable start and
stop points, for example, performing a ground reconnaissance. In the sec ad
category were continually recurring tasks, for example, maintaining a situa-
tion map, Although one could ascertain at any given time whether & platoon
laader is engaged in waintaining & situation map, this task is never_really
completad; 1t is pevformed, off and on, so long as combat continues.

After the task list had been developed, it was verified as being com-
plete by four subject matter experts from the TRADOC System Manager's (TSM's)
Off{ico, Information about these tasks was then developed through group
discunsjons with the four subject matter experts. For all tasks, subject
matier experts rated lavel of priority on a 5-point scale, with 5 being
the highest priority. The subject matter experts also indicated for all
tankn the relationship between task performance and number of launchers
in a platoon (i.e., sadding one launcher irncreases the time required to
perform a task by S minutes).

For taske with clsar start wnd stop points, the subject matter experts
1eachad a consensus response on two additional questions. The first ques-
tion amked about the frequency with which each task would be performed
dwr fug combat of low, moderate, and high intensity. As expected, the sub-—
jlect matter experts indicated that many tasks would be performed more
fraquertly with increasing inteneity of combat. They predicted, for
example, that the platoon would average zero moves a day during combat of
low Intensity, three during combat of moderate intensity, and six during
vombat of bhigh intensity. The second question asked the subject matter
sxpertm to predict the average time required to perform the tasks. Fcr
tashs that recur continually, the subject matter experts followed a slightly
diftsrent procedure. They identified & appropriate unit of time, such as
an hout ov a day, and thea reached a cousensus on what amount of that time
the tecurTing tmsk would require during combat of low, moderate; and high
lntensly.

tomput vy Program

To emtimste how wany laurchers a platoon lecader can adequately control,
11 e not sulffcient aimply to know for each task the typical time interval
between mucennive requirements to perform the task and the typical amount
o time needead to perform it. One must also take into account random
verlation, By chauce, the time interval between successive requirements
to pertorm & particular task will sometimes be short and sometimes long;
by +hance, a platoon leader will sometimes perform a task rapidly and
womel imen alowly,
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It was to deal with the complexities created by random variation that
we developed the computer program. The program simulates two sets of
events. The first set of events simulated represents the task environment
imposed on the platoon leader. In combat, each task for which a platoon
leader is responsible will have to be performed repeatedly across time.
For example, the platoon will have to move to a new location from time to
time, and with each move the platoon leader will perform certain tasks. The
computer program simulates this environment by scheduling task requirements
at specific points in simulated time. Scheduling is based on the assumption
that the variation around the typical time interval between successive
requirements to perform each kind of task will follow the exponential
A probability distribution.?
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e The second set of events simulated represents the platoon leader's
‘J response to his task environment. In our simulation, when a requirement
2 to perform a task occurs, elther of two things can happen depending upon
: whether the platoon leader is free or busy. If the simulated platoon
A leader is free when the requirement occurs, he begins to work on the task
- immediately; that is, the simulation program uses the typical time required
' to perform the task to schedule the point in time at which the task will be
4 completed. Scheduling is based on the assumption that variation around
- the typical cime required to perform the task will follow the exponential
~ probability distribution, the same distribution used in scheduling the
time interval between tasks. Once the simulated platoon leader starts
a task, he must complete it before beginning another.

~ If the platoon leader is busy when the requirement to perform a task
) occurs, the task is filed in the platoon leader's queue according to

L priority. Whenever the platoon leader completes a task, he checks his
queue, If tasks are waiting, he begins to work on the task with the
highest priority (and if two tasks have equal priority, on the one that
has been in the queue longer); that is, the simulation program schedules
the point in time at which the task will be completed. If the platoon
leader finds no task in the queue, he remains idle until the next
requirement to perform a task occurs.3,4
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Capabilities of the Simulation Model
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In Table 1 are listed three variables that the computer program can
accept as input and four variables that i: can produce as output. Each
input variable is manipulated via the task library. Platoon leader task
libraries for one, tv>, three, four, and five launcher platocns arvre
shown in Appendix A. The library data entries are explained in the
introductory material preceding the task libraries.
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The variables output by the computer program are statistical indi-
cators of platoon leader performance. They can be calculated for any
period of time simulated--for an hour, a day, or a week. The statistics
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TABLE 1

Input and Output Variables of the Simulation Model

Input Variables

Output Variables

Time required tc complete
individual tasks (would be
used primarily to evaluate
the effects of number of
launchers controlled but
could also be used to eval-
uate, for example, the effect
of giving the platoon leader
a tool that would allow him
to perform some individual
tasks more rapidly).

Time between requirements to
perform tasks (would be uzed
primarily to evaluate the

effects of combat intensity).

Tasks included in the library
(would be used to evaluate
the effects of the platoon
leader delegating some tasks
to others).

1.
2.
3.
4 »
4
SR
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Average number of tasks in
the queue waiting to be
performed - by level of task
priority if desired.

Average length of time tasks
spend in the queue waiting to
be performed - by level of task
priority if desired.

Average time required to
complete all tasks waiting

in the queue - that is, the
time it would take the platoon
leader to catch up with his
work if he were to receilve

no new tasks.

Average percentage of

time platoon leader is idle

or at least is free to perform
tasks other than the mandatory
ones included in the task
library.

-
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will, of course, vary from one run of the simulation program to the next,
just as they would vary from one slice of time to the next for a real
platoon leader. Estimates of the variance in the statistics are calculated
by performing multiple simulation runs.

USE OF THE SIMULATION MODEL BY A SYSTEM DEVELOPER

e The computer model was used in a simulation experiment to evaluate the
- effects on platoon leader performance of two input variables: (a) number
N of missile launchers controlled and (b) level of combat intensity. The
simulation experiment provides a context for discussing the use of the

were developed for one, two, three, four, and five launcher platoons (see
p - Appendix A). Performance with each platoon size was assessed under two
L levels of combat intensity: moderate and high. The entries shown in the
task libraries reflect the expectation that many individual tasks will
B take longer to perform as the number of launchers increases. The entries
-i also reflect the expectation that many activities will be performed more
b

Q simulation model as a decision aid and is briefly described here.
o CSWS Simulation Experiment
,} To manipulate number of launchers controlled, separate task libraries

frequently with increasing combat intensity, regardless of number of
launchers controlled.

« For each combination of number of launchers by level of combat inten-
. sity, thirty 12-hour periods were simulated. The relatively large sample
N was needed because of the probabalistic nature of the model; for any one
|‘g combination of platoon size and combat intensity, considerable variation

2 in platoon leader performance occurred from one 12-hour period to the next.5

Some results from the simulation experiment are shown in Table 2 and
in Figures 1 and 2, Table 2 displays the mean number of tasks in the
o platoon leader's queue from hour 1 through hour 12 of asimulated time for
each combination of platoon size and level of combat intensity, Difficulty
R in keeping up with tasks is indicated by the increase over time in the
number of tasks in the queue; greater difficulty is indicated by more
rapid increases.

PRI TR

Figure 1 shows graphically the results for each of the platoon sizes
during combat of moderate intensity, With platoons of one or two launchers,
the size of the .latoon leader’s queue grows gradually over the 12-hour
period, reaching an average size of about three tasks in hour 12. With
platoons of three or four launchers, the queue grows slightly more rapidly,
reaching an average size of about six and one-half tasks in hour 12. With
a platoon of five launchers, the queue grows still more rapidly, reaching
an average size of nearly 12 tasks in hour 12,
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Figure 2 shows the results for the different platoon sizes during combat
of high intensity. Note that the scale for number of tasks in Figure 2 is
different from Figure 1. 1In combat of high intensity, the task queue grows
fairly rapidly across the 12-hour pericd even for a platoon with only ome
launcher, reaching an average size of 9.81 tasks in hour 12. With platoons
of four or five launchers, however, the queue grows much more rapidly,

I reaching an average size of about 20 tasks in hour 12. Performance with
o platoons of two or three launchers is at an intermediate level.6

Use of the Simulation Model

LR R - T
-
T s al A

A system developer looking at the results shown in Table 2 and in
Figures 1 and 2 might form the hypothesis that a CSWS platoon leader will
generally have a heavy workload. Even when controlling only one or two
launchers in combat of moderate intensity, the simulated platoon leader
had some difficulty keeping up with his work. A system developer might
also form the hypothesis that level of combat intensity will more power-
fully influence platoon leader workload than will the number of launchers.

L Ay oy T TR
- . - . . . o A

i Given that the platoon leader's workload appears to be heavy, particu-
) larly during high intensity combat, a system developer might want to see
what would happen 1if some of the platoon leader's tasks were delegated to
others. This could be done simply by removing the delegated tasks from

¥ the task library and running the simulation program with the revised

r| library. The system developer wmight also think that the platoon leader

o could perform som: individual tasks more rapidly if he were given some new
. tools with which to perform those tasks. To see how this would affect

_ platoon leader performance, the task library entries for the time required
0 to complete the individusl tasks would be changed.

[ wnvala a0
A

N

r} A point that we want to emphasize is that the simulation model is

x intended not to replace the judgment of the system developer, but only to
supplewent that judgwent by providing information that, without the model,
. could be generated only with great difficulty (see Keen, 1980). 1In this
veln, our simulation model does not prescribe a definitive number of
launchers that a platoon leader should control. Instead, it makes the

C user of the model aware of how task performance will be affected by what
'j the platoon leader is asked to do and the conditions he is subjected to

i, as he performs the tasks. The system developer will be aware of factors
ﬁ% that cannot be addressed by the simulation model, and he or she will need
i to consider these factors also in making decisions that affect platoon

- leader workload.

3 In the case of estimating span of control for CSWS platoon leaders,
we concluded from our simulation results that three launchers would be
a reasonable number for a platoon leader to control and that the number
of launchers controlled should not exceed four. The CSWUS Task Force
Director indicated that our data and conclusions were consistent with
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a set of data from another source and of a different nature. The Director
found it encouraging that the independent data sets seemed to suggest
similar conclusions abcut platoon leader span of control.

SUMMARY

This report describes a computer model that simulates platoon leader
performance under different levels of task load. The computer model is
intended riot to make decisions, but rather to serve as an aid to system
developers. The system developer plays two roles in using the model.

The first role is to develop task data for the supervisor position to be
simulated. The second role is to interpret and use the statistical out-
put of the simulation program within the overall context of what is knowm
about the system being developed. Information about the simulation model
is available through the Fort Leavenworth Field Unit of the Army Research
Institute.
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T number of tasks in the queue and considering this number in conjunction with L
a;ﬁ the typical times required to perform the activities in the task library, omne !
‘- can get a reasonably good idea of how well the platoon leader is keeping up -
I with his work and of how far behind he is in terms of time. For example, ;
S the median activity time in the task library for a five-launcher platoon F
o is 20 minutes. Thus, if a platoon leader has 10 tasks in his queue, he has ;
: probably fallen behind in his work by more tham a trivial amount. As was W
‘é indicated in Table 1, however, the model can generate precise measures of the e
cﬁ average amount of time individual tasks spend waiting in the queue and the i
A average amount of time that it would take the platoon leader to complete all k
S the tasks waiting in his queue. A system developer might well want to look
{; at these dependent measures. And he or shé might want to break all the !
'Q measures out by level of task priority--to see, for example, the average
A number of high priority tasks waiting in the queue across a period of time, !
T, The system developer would be free to choose the output variables at which to r
e look and the level of detail on those output variables. v
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APPENDIX A

Development of the Task Libraries

Twenty-three tasks were identified as being the responsibility of
a platoon leader in a battery of the Multiple Launch Rocket System
(MLRS). Each of these tasks was assigned a code number. Relow is a
list with the code number for each task and a brief description of the
task.

LIST OF TASKS

CODE DESCRIPTION

1 Performs a map reconnalssance

2 Receives displacement order by radio

3 Performs a ground reconnaissance of route and potential platoon
area

4 Orders displacement and designates order of march

5 Organizes new platoon area

6 Coordinates establishment of platoon area survey point

7 Designates status of self-propelled launcher loaders

8 Supervises occupation of new position

9 Verifies location and accuracy of platoon area survey point

10 Insures that command post is in order and communication is
established

11 Conducts coordination meetings

12 Maintains situation maps, overlays, and charts

13 Performs a ground reconnaissance c¢f route and potential

platoon area (Although this appears to be the same task as
task 3, task 13 was included in the simulation analyses
because the platoon leader will occasionally find a potential
platoon area unsuitable for use. Task 13 was used to represent
this occasional situation in the simulation analyses.)

14 Designates change in status of self-propelled launcher
loaders when that status changes while the platoon is located
within a particular platoon area
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A LIST OF TASKS (Continued)
E s :
; CODE DESCRIPTION
15 Supervises lmprovement of positions (On most occasions the

platoon leader will perform this task simultaneously with the
performance of other tasks involved in moving to & new
position. For only about 25 percent of the moves will this
be performed as a separate task.)

g} 16 Controls vehicle traffic into and cut of the platoon urea
oY
@?:' 17 Insures that situation reports are prepared and ment te
e battery
fﬂ 18 Performs a hasty survey and calls it in (This task will
:Eﬁ- occasionally be pexformed when the platoon moves to a now
K platoon area.)
- .,\-:
%a 19 Insures availability of NBC equipwent
Lo 20 Engages in NBC alert and, when appropriate, issues all cluar
Y
}E 21 Actively directs ammunition wupport
Ru'f] 22 Actively directs maintenance support
fg 23 Monitors wedical support
“»
;
“f%? Tagks 1 through ll are tasks that are ordiuarily perforued when thu
kD platoon has to move to & new platoon area. These tasks were grouped
to;.ether in one activity for purposes of the simulation analyses. Lach
time movement to a new position was scheduled in o simulation run, each
't“ of the 11 tasks had to be perforwed. The rewmninder ol the tuuks, tasks
S 12 through 23, were scheduled independently of one another and ot the
by 4 y
»?; movement tasks in the simulation runs.
-.ﬁi Below are the task libraries that were used to siwulate the per-
b, formance of a platoon leader controlling different nuwbers of launchers.
f}&} A separate task library was used for each platoon wize.
-
- At least two lines are used to describe each activity rvepreseuted
P in the task library. Each activity performed by a platoun luadur was
] gilven 3 short descriptive name. This name appears as the alphabetic

4

entry on the first line for each activity., PFour numeric entries tollow
the name on the first lime. The first numeric entry indicates the
typical time span in minutes bLetween requiremants Lo perform the activicy
during combat of low intensity, the secoad nuuweric eutry indicstes the
time span during combat of modevate intensity, and the third wumeric
entry indicates the time span during combat of high {ntensity. 7The
fourth numeric entry on the first line indlecaces the priovity of the
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activity, laiger numbsyn tndloat tng higher prio bty CAVY hnug's the
subject mattur expeitin from the TRM'a afflie yated the prloyity nul ohe
tamks f1om one to [ive, the valuse af prierdty fn the smab Jikiary g oo
higl an wine, A greater apread in the rangs of priovity valuss was
needod fov vhe tempuler progiam to apetals prapssly )

The Tine uy linva below the flrat tine Ty an activity are vasd t»
tdicate the typlcal timos vogquired tn perforem the taak oy 100be aeen. !
ated with the activity, The fleat sutry un these Vinse g the ruds
number for the parttoular tank,  1he ascond sntey to the typlial tlae i
minuten vegulied to perform the tanb  tily une activiey, "MWE, hae
Wi {pte tanhe annct lnted with {1, Whiensver & mmve (o s-hodyled o»
vevur I s atwulat ton yan, saih ul the Individual tasdhe aesu: larvs ! with
thim mtivity han to he performed
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TARK LIBRARY YOR ONE LAUNCHER PLATOON {Continued)

IR ri 1440 1440 720 3
ie |
LL TN R LY I} 2880 880 9
" w
Saspm T 2880 1440 3
1t L]
ek A Y V4an 1440 1440 5
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st XY 1hAD 1440 5
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TASK LIBRARY FOR TWO LAUNCHER PLATGON (Continued)

SHASTY 2880 1440 380 7
18 17 '

SNBLPL 1440 1440 720 3
19 l

SNALRT 2880 2880 2880 9
20 30

SAMMO 2880 1440 720 3
21 6

SMAINT 1440 1440 1440 5
22 40

SMED 1440 1440 1440 5
23 20

TASK LIBRARY FOR THREE LAUNCHER PLATOON

MOVE 1440 48C 240 7

HOWoOIou»&~W

[SP—

OCCUPY 70 60 50 5
12 12

SRECON 2880 1440 1440 7
13 45

SDESIG 1440 480 240 7
14 1

SSUPER 2880 1440 720 3
15 30

STRAFF 60 60 60 3
16 2

SSITRP 1440 1440 1440 6
17 15

SHASTY 2880 1440 380 7
18 17
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TASK LIBRARY FOR THREE LAUNCHER PLATOON (Continued)

SNECPL 1440 1440 720 3
19 1
SNALRT 2880 2880 2880 9
20 30
SAMMO 2880 960 480 3
21 6
SMAINT 1440 1440 1440 5
22 60
SMED 1440 1440 1440 3
23 20

TASK LIBRARY FOR FOUR LAUNCHER PLATOON

MOVE 1440 480 240 7
1 8
2 1
3 50
4 3
5 57
6 1
7 1
: 8 50
I 9 2
10 3
2 11 10
4 OCCUPY 70 60 50 5
= 12 16
1 SRECON 2880 1440 1440 7
';% 13 50
4,
t J SDESIG 1440 480 240 7
X 14 1
y SSUPER 2880 1440 720 3
15 30
STRAFF 60 60 60 3
16 2
SSITRP 1440 1440 1440 6
17 15
SHASTY 2880 1440 380 7
18 17
A~6
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d TASK LIBRARY FOR FOUR LAUNCHER PLATOON (Continued)
-T2

O3
T SNBCPL 1440 1440 720 3
i 19 1

J‘% SNALRT 2880 2880 2880 9
- % SAMMO 2880 720 360 3
J 21 6
’ r:'."

a SMAINT 1440 1440 1440 5
e 22 80

'\:':i
-l SMED 1440 1440 1440 5

J 23 20

::;;E

% TASK LIBRARY FOR FIVE LAUNCHER PLATOON
AN

<A MOVE 1440 480 240 7
. 1.9 1 9
B 2 1
Ay 3 55

R 4 3

e, 5 63

3 6 1

ﬂ 7 1

3+ 8 55

g 9 2
R 10 3

f~.‘,f 11 10

L OCCUPY 70 60 50 5
2 12 20

)

o SRECON 2880 1440 1440 7
":-.: 13 55

=

ﬂ SDESIG 1440 480 240 7
AN 14 1

.

s
L L SSUPER 2880 1449 720 3
3 15 30

b

- STRAFF 6 60 60 3
o 16 2
e SSITRP 1440 1440 1440 6
B 17 15

o SHASTY 2880 1440 380 7
L 18 17
»
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TASK LIBRARY FOR FIVE LAUNCHER PLATOON (Continued)

SNBCPL 1440 1440 720 3
19 1

SNALRT ~ 2880 2880 2880 9 ' b
20 30 3

. A T4 - . - ’ ’
Rerriinry

SAMMO 2880 576 288 3
21

y
T
o

2 SMAINT 1440 1440 1440 5
iy 22 100 T

SMED 1440 1440 1440 5
23 20
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APPENDIX B

COMPUTER PROGRAM FOR SIMULATION MODEL

@ @ % UNCLASSIFIED © & ® © & & & # # & & % # & o @ 4 &

LINE

ot
DOVOET NI F WP~

s
N -

St gd ot ot ot e
OX ~ >N

, P N
-0

n
n

23
24
25
26
27
28
29
30
31
32
33
34
35

37
38

CACI SIMSCRIPT YIIe5 1100 SERIES RELEASE 7.0 " 0b/le/82

PREAMBLE

NORMALLY MODE IS REAL AND DIMENSION IS O

PERMANENT ENTITIES

SENERATE LIST RWUTINES :
EVERY FUNCTIDN HAS A NAMEs A USEDMEANy A MEANGONEs A MEAN,TWO,
A MEANGZTHREEs A USEDSDs A SDsONEw AN SDeaTWO» AND AN SD.THREE
A PRIORITY AND UWNS A STRUCTURE

DEFINE NavE AS AN ALPHA VARIABLE

DEFIME PRIDRITY AS AN INTEGER VARTABLE

EVERY RFESNURCE HAS A STATUS aND OwWNS A QUFEUE

DEFINE STATHS AS AN INVEGER VARIABLE

TEYPORARY ENTITIES

EVERY ACTIVITY HAS AN ARRIVALTIME AND A JOR,PRIORITYs MAY BELUNG

TO A QJEUE AND OWnNS A ROUTING

DEFINE JOBGPRIDRITY AS AN INTEGER VARYABLE

DEFINE QJUEUJE AS A SET RANKED BY HIGH JUR.PRIORITY

EVERY TAS< HAS A CODEe A PROCESS.MEAN: A PROCESS.SD AND BELONGS TV

4 STRUCTURE AND A ROUTING

JEFINE CODE aS A INTEGER VARIABLE

EVENT NOTICFS INCLUDE HOJRLY SREPORT

AND CLEAN.OUT

EVERY STARTLACTIVITY HAS AN ACTIVITY.TYPE

DEFINE ACTIVITYLTYPE AS AN INTEGER VARLABLE

EVERY END,OF.TASK HAS A JOB

QEFINE D3 AS AN INTEGER VARIABLE

EATERNAL EVENTS ARE CHANGE ¢ INGSITUATION AND ENDeIF o« SIMULATION

PRIORITY ORDER IS ENDGOFTASKy STARTLACTIVITYs HOURLY JREPORT

CLEAN,DUT

CHANGE e INSITUATIUNS AND ENDOF e SIMULATION

SEFORE DESTROYING ACTIVITY CaLL STAY.TIME

DEFINE STAY AS A REALe DUMMY VARIABLE

TALLY AV5.STAY AS THE MEANy SD.STAY AS THE STDW.DEVs

SUM,STAY &S THE t¢UMs AND NIM,STAY AS THE NUMBER OF STAY

ACCUMULATE HSUM AS THE SUMys HNUM AS THE NUMBER.,

AVU,QUEUE AS THE MEANs MAX.QUEUE AS THE MAXIMUMy

AND FREQ (0 JO0 30 BY 1) AS THE HISTOGRAM OF NL.QUEUE

ACCUMULATE AVG,STATUS AS THE MEAN OF STATUS

END -
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;x’e ® % o UNCLASSIFLIED ® # % & & & # # # & # % # & # ¢ o »
_ fﬁ% @ % % UNCLASSIFIED ® # % % 4 @ # # # # & % & % # % & o
ﬂ&ﬁa LINE CACI SIMSCRIPT IT+5 1100 SERIES RELEASE 7.0 06/16/82
3 1 wAIN
"3 2 PRINT 1 LINE AS FOLLOWS
Y THE PLATOON LEADER IS CONTROLLING FIVE LAUNCHERS
N & PERFORM INITIALIZATION
P S RELEASE INITIALTZATION
Ly 6 FOR EACH FUNCTIONs DO
v 7 CAUSE A STARTLACTIVITY IN EXPONENTiALGF (USED.MEANY3) MINUTES
<. R LE! ACTIVITY,TYPE = FUNCTION
53 o Loo |
A 10 CAUSE AN HOURLY.REPORT IN 1 HOUR

CAUSE A CLEANLIAUT IN 12 HOURS
START SIMULATION

13 SKIP 2 LINES

14 STOR

15 END
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- @ % & UNCLASSTFIED & # @ # & & # o o % & & % & % o & #

RN # & % UNCLASSIFIED & @& & # & & o & & & & & # # & & v o

CACI STMSCRIPT II+5 1100 SERIES RELEASE 7.0 v6/16/82

- B
-
—
£
m

3 1 ROUTINE FOR INITIALIZATION
Rhe 2 READ NJRESOURCE

RS 3 CREATE EVERY RESOURCE
T 4 FOR FVERY RFSUJRCE»s DO

#“? S LET STATUS = G

{53 6 LOOP

o 7 LIST ATTRIBUTES OF EACH RESOURCE
e R READ NJFUNCTION

U 9 CREATE EVERY FJNCTION

10 FOXR EACH FUNCTIONe 0O

it READ NAME(FUNCTION) ¢ MEANGONE(FUNCTION) »y MEAN TWD{FUNCTIOM) »
12 MEANJTVHREE (FUNCTION) e SDONE(FUNCTION) ¢ SDeTWO(FUNCTION) »
13 SDTHREE(FUNCTION) ¢ PRIORITY(FUNCTYION)

14 LET USENLAEAN = MEANGTWO

19 LET USENSD = S0TWD

16 UNTIL vODE 1S aLPHAs DO THIS

17 CREATE & TAaSK

1R READ CODE(TASK) AND PROCESS«MEAN{TASK)

19 FILE THE TASK IN STRUCTURE

2n LOoLR

21  LOuP

22 LIST aTT<1IRJUTES OF EACH FUNCTION

23 SKIP 7 LINES

24 RelTURY

25  END
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CACI SIMSCRIPT IIe5 1100 SERIES RELEASE 740 . ve/less2

EVENT STARTLACTIVITY(FUNCTION) SAVING THE EVENT NOTICE
DEFINE PIECF AS AN INTEGER VARIABLE

CREATF AN ACTIVITY

LET ARRIVALLTIME = TIME.V &
FOR EACH PIFCE OF STRUCTUREs DO

CREATE A TaSK

LET CODE = CODE(PIECE)

LET PROCESS.MEAN = PROCESS MEANI(PIECE)

LET PROCESS.SD = PROCESS.SD(PIECE)

FILE TASKX IN RIOUTING

LOUP

LET JUY,PRIORITY = PRIORITY

NOw ATTEND.TOLACTIVITY

SCHENULE THE STARTLACTIVITY(FUNCTION} IN

EXPONENTI AL JF (JSEDMEANS3) MINUTES

RETURN END




|~

A0

0

At
:.3 # & ¢ UNCLASSIFIED # @ € & % & # & % & & & & & & @ # ¢
,.\'"b
‘4 % % o UNCLASSIFIED # # @ # @ o o # # & & & & ¢ % ¢ & ¢
Rca LINE CACI SIMSCRIPT II.5 1100 SERIES RELEASE 7.0 - 06/16/82
By 1 ROUTINE VO ATTENDeTO.ACTIVITY

" 2 LET RESOJRCE =1

. 3 IF STATUS = 0

"-\_.: 4 PERFORY ALLNCATION

\1:: 6 OTHERWISE FILE ACTIVITY IN QUEUE

o 7 <RETURN

y A END
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LINE CACI SIMSCRIPT I1e5 1100 SERIES RELEASE 7.0 0h/16/82

ROUTINE FOR ALLOCATION

LET STATUS(RESJOURCE) = 1

REMOVE THE FIKST TASK FROM THIS ROUTING
SCHENULE AN ENJD.OF.7ASK GIVEN ACTIVITY In
EXPONENTIALSF (PROCESS . MEANeZ2) MINUTES
DESTROY THE TASK

RETURN END
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151
Q;} 1  UPUN ENDLOF,TASK GIVEN JOR
e 2 LET STATUS(RESOURCE) = ¢
W
b 3 DEFINE JOB AS AN INTEGER VARIABLE
N 4 LET ACTIVITY = JOB
gd 5 IF ROUTING IS EMPTY
X 6 DESTROY THIS ACTIVITY
IS T G0 TO OPTION
;it R OTHERWISE
ag 9  AUD 1 TO JORLPIJIORITY(ACTIVITY)

10 FILE ACTIVITY IN QUEUE

YOPTTON® IF QUEUE(RESNOUJRCE) IS NOT EMPTY
REMOVE THE FIRST ACTIVITY FROM QUFUE
PERFORM ALLOCATION

14 ALWAYS

RETURN

16 ENUD
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AR LINE CACI SIMSCRIPT 1149 1100 S¥RIED RELEASL Tou YA YA T
A ROUTINE FOR STAY.TIMF GIVEN ACTIVITY
R DEF.INE ACTYIVITYY ay ¢y INVEGLH vad] AHLE
ﬂ LET STAY = YIME,V = ARRIVALLVIML(ACTIVITY)
R RETURN END
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LINE CAC]I SIMSCRIPT Ile5 1100 SERIES RELEASE 7.0 06/16/82
1 EVENT FOR HOURLYREPURY SAVING THE EVENT NOTICE
2 SKIP 2 LINES
3 PRINT 1 LINE WITH HOURGFI{TIME,V) AS FOLLOWS
HOURLY REPOURT FOR HOUR wiw
5 SKIP 2 0JUTPUT LINES
6 BRINT 2 LINFS WITH AVG.STAYs SDeSTAYe SUM,STAY AND NUMLSTAY &5 FOLLOWS
JoB STay STATISTICS ARE AVGLSTAY = o #dddas SOSTAY = uit tit#ide
SUM,.STAY = #u, #edani NUM.STAY = #&# tdcons
¥  SKIP 2 LINES
10 SEOIN REPORT
11 S£vIN AFADING
12 PRINT 2 LINES AS FOLLOWS
RESUURCE QUEUEING REPORT
RESQURCE AVG 4 QUEUE MAX s QUEUE HNUM
1% ENU
16 FOR E£ACH IESOURCEs PRINT 1 LINE WITH RESOURCEe AVG.QUEUF,
17 MAK,QUENESs HNUM AS FOLLOWS
2 wn wa T 2 “n e
19 EnNw
20 RESET TNTALS OF STAY
21 FUR FaCH RESOUICEs DO
22 RESET TUTALS OF NeQUEUE
23 LoopP
24  LE1 RESOURCF = 1
25 RESCHEDULE THIS HOURLYLREPORT IN 1 HOQUR
26 RETURN END
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LINE CACI SI®SCRIPT II1.5 1100 SERIES RELEASE 7.0 _ 06/16/82
1 EVENT CLEANL.QUT SAVING THE EVENT NOTICE
2 FOR EACH ACTIVITY 1N QUEUEs DO
% 3 FOR EACH TaSK IN ROUTINGs DO
: 4 REMOVE THE FIRST TASK FROM ROUTING
N § DESTROY THE TASK
;g 6 LOOP
N 7 REMOVE THE ACTIVITY FROM THE QUEUE
;}# R DESTROY THE ACTIVITY
G 9 LOOP
j 10 RESET TOTALS OF STAY
2 11 RESET TOTALS OF N.QUEUE
et 12 SKIP 2 LINES
BN 13 PRINT 1 LINE AS FOLLOWS
L A CLEAN QUT HAS OCCURRED
L 15 RESCHEDU.E THIS CLEAN.OUT IN 12 HOURS
. 16 RETURN END
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