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PREFACE

This Memorandum describes the RAND Support-Availability Multi-
System Operations Model called SAMSOM II. 1Its purpose is to help model
users define, set up, and simulate airecraft operations and logiastic
support problems. Although it is meant to be a complete user’s manual,
it has a companion document: G. D, Brown, Robert Moulenbelt, and

H. J. Shukiar, A Programmer's Guide to SAMSOM II, The RAND Corporatiom,

RM-5235-PR, 1967, This guide is a technical manual oriented toward
programmers concerned with understanding and implementing the model.
SAMSOM II is the latest version of a series of maintenance-

operations models begun at RAND in 1956 (see Bibliography). It is
the successor to SAMSOM I, reported in T. C. Smith, SAMSOM: Support-
Availability Multi-System Operations Model, The RAND Corporation,
RM44077-PR, June 1964,

Although readers of this manual should be able to simulate their
problems with a minimum of technical suppeort from computer programmers,
they will find it necessary to be thoroughly familiar with their computer

installation and SIMSCRIPT, or have programmer support in these areas,

Users will be provided with this manual, a Programmer's Guide; and,
upon receipt of a request accompanied by a blank tape, the necessary
program tape for fimplementing the model. A complete listing of the
program may be obtained from the program tape. .

This Memorandum should be of interest to operations and logistics
managers at all command levels. It will be most useful to staff plan-
ners, analysts, and managers responsible for monitoring weapon system
developments, estimating operations capabilities, and determining

logistics support requirements.
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SUMMARY .

This Memorandum provides information for using the RAND Support-
Availability Multi-System Operations Model, SAMSOM II. It identifies
and explains model inputs, summarizes its logic, and describes availa-
ble ocutputs.

SAMSOM IT i3 a Monte Carlo moedel programmed in SIMSCRIPT for
large-scale digital computers. It simulates weapon system operations
and logistics support requirements. The model 1s activated by aircraft
sortie requirements and alert postures and accepts inputs describing
regsource availability, work schedules, and hardware design parameters
reflecting system relfability, maintaingbility, and inspection fequire-
ments. '

The model simulates operations events (alert requirements, sortie-
generation capabilities, and readiness postures) and assoclated logistics
support requirements (manpower, asquipment, facilities, and, to a limited
axtent, parts) for one or more asircraft at one or more bases. - It also
takes inte account weather constraints, resource shortages, flying
schedules, alert commitments, sortie configuration requirements, abort
rate3, attrition and battle-damage estimates, and operations policies
governing gortie cancellation and make-up practices.

All of these resource assumptions, operations policies and con-
straints), and hardware parameters are identified and described on
eight different forms, providing for over one hundred different inputas.
Many. inputs are optional, however, and need not be specified for any
given simulation. Simple simulations may be designed that require only
a few lunputs; on the other hand, multibase, multisystem simulations
might require numerous inputs for all of the different input formats.

Although SAMSOM II logic is summarized in this manual, users
desiring additional explanations of program logic and details are urged

to refer to the Programmer's Guide, published as a separate Memorandum.

Users do not need to be computer experts or programmers to use the
model, but will find a2 knowledge of SIMSCRIPT helpful. Such knowledge
will be required Lif the user is to become completely familiar with the

program and to undergtand the complex network of routines used to
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provide the flexible capability of the model. The Programmer's Guide

and programming experience will be essential for fully explering the
impact of any program changes that might be desirable to meet special
simulation requirements,

Model outputs are recorded on tramsactioa tapes that are further
analyzed to provide several different output reports. All outputs are
optional. They may be requested to fit users' requirements. Eight out-
put reports provide both summary and detailed Information on simulation
results. Their content ranges from general gtatistics on simulated
operations capability, aircraft status condltions, andiﬁhfné}égﬁd-t;mg_
averages to specific resource utilization and delay sfqﬁistics, hourly
status changes, and detailed frequency distributions of simulated repailr
times and queue situations. Three other outputs provide simulation
evaluation and debugging information. In general, users will require
as mueh computer time for generating output;ﬁs they use to execute
simulations. In both cases, the time required will depend upon the
complexity of the simulation and the amount of output detail required
for analysis.

SAMSOM IT 13 net a simple medel, It has been designed to accommo-
date a wide range of simulation requirements. Given appropriate inputs
reflecting a set of support resources and operations concepts, it will
simulate operations capability for either wartime or peacetime condi-
tions. On the other hand, given a set of operations concepts and re-
quirements, it will simulate the rescurces required to support the
capability. Thus, it can be used to evaluate the impact of changes in
concepts, policies, and resource ﬁixes upon operational capability. In
partieular, Lt can be used to compare the sortie-generation capabilities
of different aircraft, examine alternative mixes of alreraft and support-
ing reseurces, and detexmine the operational 105593 caused by having
"n" fewer resources or the benafits resulting from “n'" more resources.

The model focuses attention on direct support requirements. It
does not directly accommodate all indirect Bupport interactions, such
as gsupply inventory considerations,Toff?&ﬁ?iﬁﬁéggishop repairs, and
AGE repairs. These and similar indirect support requirements must be

appropriately aggregated for inclusion in SAMSOM II simulations. .



-vii-

The model also may be constrained by computer memeory. Although
it will handle situations involving multiple bases and multiple air-
craft, missions, resources, systems, maintenance, Lnspections, etc.,
it was not designed for broad-scale war-gaming. Extensive use of
multiples will exceed the capability of 32K computers to accept and
execute SAMSOM IT simulations.

_The model was not conceived as a substitute for field tests, but
is useful for projecting test data parameters into other circumstances
and for examining alternative contingency plans. Although SAMSOM IT
will neither accommodate all contingency plans nmor simulate all kinds
of operation requirements, it has been uged successfully to simulate
several kinds of Air Force operations, ranging from single-squadron
fighter operations to multiroute air transport operations serving
overseas requirements, 1Its most extensive application to date has
been an examination of alternative ways to enhance the capability of
Tactical Alr Command fighter squadron and wing organizations. Given
reasonable operations concepts and appropriate data for imputs, the
model can be a useful management planning and evaluation tool for

examining aircraft capabilities and loglistic supporf requirements.
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1. INTRODUCTION

- The RAND Support-Availability Multi-System Operations Model,
called SAMSOM II, is a Monte Carlo model programmed in SIMSCRIPT to
run on large-scale digital computers.* The model simulates operations
and logistics support interactions in various kinds of aircraft organ-
izations. Although designed primarily to simulate typical Air Force
operations, it may be used to examine the operational capabilities of
Army, Navy, Marine, and other organizations or combinations of aircraft
and logistics support elements. It also simulates operations for one
OT more weaponm systems at one or more bases involving multiple resource
allocations and operational requirements.

This Memorandum describes SAMSOM II and provides details on input
requirements, model logic, and running instructions for ugsers. It also
describes model outputs and includes a sample simulation to familiarize
the user with model operational details. A companion Memorandum
provides additional computer programming information of primary inter-
est to programmers,

The model is composed of three separate programs. The first
program accepts and checks inputs, the second executes the simulation,
and the third produces output,

As illustrated in Fig., 1, the model Running Deck is composed of

a small number of cards used to initiate computer instructions and

*SAHSOM II should not be confused with SAMSOM I, which was
programmed in S@S to run on IBM 7090/7094 computers. The current
model was programmed te runm on the RAND 7044 installation; it has
also run on IBM 7090/7094 computers at the Pentagon and Wright-
Patterson Air Force Base, See T. C. Smith, SAMSOM: Support-
Availability Multi-System Operations Model, The RAND Corporation,
RM-4077-PR, June 1964, Also see H, M, Markowltz, Bernard Hausner,
and H. W. Karr, SIMSCRIPT: A Simulation Programming Language,
The RAND Corporation, RM-3310-PR, November 1962.

doke
G. D. Brown, Robert Moulenbelt, and H. J. Shukiar, A
Programmer's Guide to SAMSOM II, The RAND Corporation, RM-5235-PR,
1967. Users also may be interested in other models.
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routines which have been recorded on the SAMSOM II program tape. The
figure also identifies the different parts of the model Running Deck
and shows the proper sequencing of inputs and output request cards.
Inclusion or exclusion of selected cards in the Running Deck detex-
mines how much of the model will be activated for any given simulation.
For example, the user may want only to check out a set of inputs in
preparation for a simulation. He may do this by inserting the desired
inputs into the appropriate set of cards from the Running Deck. Adding
the execution cards to the Running Deck activates the simulation and
writeg a tramsaction tape containing simulation records and statistics.
Output, in turn, may be obtained at the same time by including the
appropriate output request cards in the deck. On the other hand, the
user does not have to obtain output at the time of simulation. He may
use the appropriate set of cards_frpm the Running Deck to call up the
output program and obtain all or selected cutputs from the simuiation
transaction tape. Additional operations details and a listing of the
model Running Deck will be found in Appendix A.

SAMSOM II inmputs are described and illustrated in Sec. LI and
Appendix B, As indicated therein, imputs identify arnd define all
variables im each simulatiqu. They define bases, aircraft types,
operations policies, sortie requirements, resources, system reliability
or break rates, repair times, inspection requirements, and ground abort
rates. They alsc include many other kinds of data and information
required to complete a simulation.

Model logic is sdmmarized and described in a series of Model Logic
Schematics or flow diagrams in Sec. III. These schematics identify
the major elements of the model and focus attention upon its primary
components., The section also describes the important interactions
and interrelationships among the different routines and simulated
events théy generate and control. The separate schematics discussed
in Sec. III are integrated into a single flow diagram or schematic
included in Appendix C.

Section IV is a complete description of SAMSOM outputs. It not
only identifies each kind of output, but also explains what it includes

and excludes and how it is derived in the simulation. Output



formats are illustrated in -Appendix D, and Appendix E includes an
abbreviated sample set of outputs derived from a demomstration simu-
lation,

SAMSOM outputs may be divided into two categories: (1) simulation
inputs, model initialization parameters, computer-memery maps, ETIOL
diagnostics and simulation statistics, and (2) simulatiom results
printed out on eleven different kinds of ocutput formats. Additiomal
outputs are also avallable, providing details primarily used for
simslation trouble-shooting and debugging.

All outputs are optional and, in some cases, the user may select
specific data or statistics from within a set of outputs. For example,
if he is interested only in the availability, utilization, and shortages
of a particular resource, he can select it from among corresponding
outputs on all resources, Similarly, he may select statistics peculiar
to one base, one aircraft type, or a single mission, and ignere com-
parable data compiled for other bases, aircraft, etc.

Section V summarizes SAMSOM II capabilities, limitations, and po-
tential applications for user consideration., It includes a brief
discuassion of some of its major uses to illustrate the general useful-
ness of such simulators, The section also reviews data requirements,
sources, and special considerations. It concludes with a discussion
of potential management applications of the model suggested by RAND

and Air Force experilence with it during the past two years.



II, INPUTS

GENERAL RULES AND PROCEDURES

SAMSOM II inputs may be written on eight different forms, illus~-
 trated in Appendix B. Input cards prepared fxom the data entered on

each form will be identified by the appropriate form number in Col. 3
on all forms. All cards of the same number should be grouped together
for proper ordering in the Rﬁnning Deck, As {llustrated in Appendix
A, each group of input cards must be preceded by a card containing
only the form number in Col. 3. Each group of inmput cards, ie turn,
should be arranged and inserted in the Running Deck in numerical order
by form number.

Cére must.bi ggken.to.identify all inputs and their assogiated
values desired in each simulation. Although inputs and values on
some forms (Form No. 7) may apply to several runs Iin a set of simmla-
tions, users are cautloned to carefully review and withdraw inputs
not used, to avoid possible errors.

Columns 73 through 80 on all forms are available for comments,
identification, card sequencing, or other information. They never
contain input data. All blank columns shaded in the sample formats
shown in Appendix B separating different kinds of inputs ou each form
should be left blank. Columns not used in flelds set aside for data
will be ignored by the program. Zeros should be written "0, as con-
trasted with the letter "0", which should be written 4. _(This practice
may vary for different computer inmstallations.)

Alphanumeric and numeric entries should be made in the different
flelds as follows:

1. All alphanumeric information such as names of bases,

missions, etc., used in a simulation must be left-
Justified. For example, the correct entry for

designating Home Base with an abbreviation would
be to write HBl in a field as follows:



ja[1] | |

All names appearing in several places on input forms
must occupy the same relative columns in the field.
For example, if a base is identified $GDEN as follows,

¢lciojefn] |

and it appears on another form as

| ¢]c]p[e]y]

the computer will not recognize it as the same base.
Using the general rule to begin all names in the left-
most column of the field will avoid such errors. All
such names may contain any combination of alphanumeric
characters,

All numeric information must end in the rightmost
¢column. For example, numbers 200 and 3 should be
written as follows:

LL [2[ofo] BERE

Numeric fields may contain either a number representing
some value, or the number of a distribution used to
determine the value. A distribution is indicated by

a minus (-) sign. I1If a distribution is desired in a
decimal field, the distribution must be written to the
left of the decimal. For example:

-{2]. -|1|6 .

Decimal points have been provided on all forms, amd
probabilities are always written in decimal form.
Elapsed times, such as sortie lengths and repair

times, are written in hours, to the nearest hundredth.
Simulation times, such as sortie-schedule timg; end-
of-runt time, etc., are always written as specific days,
hours, and minutes. Finally, the following names have
a special meaning for the model and must not be used to
identify bases, missions, aircraft types, etc,

AB@RT ALL PPSTFT
ALERT PERGD STAND END



INPUT FORM 1

Input Form 1 identifies the bases, establishes any weather con-
straints, makes initial assignment of aircraft to bases, and identifies

the simulation.

Base Description includes the name of the base and, if desired,

its latitude and longitude. At least one base must be ideutified for
each simulation. All bases used in the simulation must be listed;
they may be given locations. The locations are optiomal and must be
used in conjunction with mission, i.e., aircraft, speed on Input Foxrm
2 to determine the f£lying time between bases.

*
1. As shown below, any combination of alphanumeric characters
may be used for base names.

BASE DESCRIFTION '

GEOGRAPHICAL LOCATION*

FORM
NO, BASE MAME LATITUDE LONGITUDE
DEGREE |MIN SEC | DEGREE | MIN {SEC ~
{02 0504 107108 0 11 1 1 203 41501613 7)1 8117 | 20021 (222324
1
1Bl X NIAIRDE i31H | 119
1 A|T|N i o §1i
1 BA|t
1§39 82, 5
1A | | ;

Input Illustration 1
(Form 1)

2, Latitude and longitude entries must be in the form shown.
They have no meaning for a single-base simulatiom, but
may be useful to designate forward sites or strips, multi-
ple bases in a network, or points in the forward edge of
the battle area (FEBA).

*
All input illustrations are contrived to illustrate the parti-
cular set of inputs. Since a single, general purpose set of inputs
is almost impossible to conceive, they are not interxelated.



Weather inputs are optional. 1If none are provided, the simula-
tion will proceed as if all weather were good. Since weather may
vary at different bases, it may be identified for each base, Although
all bases may be given the same weathey, any base not specifically
identified will have good weather all the time. These inputs also
must be associated with appropriate missicns on Input Form 2.

The model is programmed so that levels of weather proceed from
good (level 1) to worse (2, 3, ..., n). Severity increases as the
numbers grow large. Associated with each level are a probability of
its occurrence and a distribution used to determine the length of
time, in hours, that the weather level will last if it occurs. It
should be noted that a distribution must be used even though it may
consist of only one point representing an average time.

A probability for a given weather level may be zers, but the
probabilities for the n levels of weather at a base must sum to 1.0.
Weather affects only sortie launches. If the weather level at a
bagse is greater (worse) than the permissible weather level for a
mission (given on Input Form 2), the mission cannot be launched.

Weather inputs include the following:

1. The base name for which the weather is to apply. If

several bases are to have the same weather, they may
be listed down the column.

2. The weather levels writtem down the column for each
base or combinationm of bases,

3. For each level, the probability of its occurring.
The probabilities for all levels at each base should
sum to 1.0.

4. For each level, the number of the distxibution used
to determine the hours the weather condition will
last, (Distributions are defined om Imnput Form 7.)



WEATHER® INTTIAL AIRCRAFT ASSIGNMENT
‘EZ H
|2 sk :
BASE NAME §§ ABILITY gg 34SE NaME |amcaarT TYee| E
=4 -
2 & g
I | Ty g mrlaes b ..
5] 5|
1] B _ A[RD 3
o &EPLAG | | i
Input Iilustration 2 Input Ellustration 3
(Form 1) (Form 1)

The model begins weather at time zero and continues or changes
to another level a2t the end of each level, Thus, a new "draw'" is made
at the end of each level to determine how long the next level will
last.

Aircraft or Weapon Assignments imputs specify all of the differ-

ent types of aircraft included in the simulation. In additiom, all
atrcraft, including attritien replacements, must be initially assigned
to some base. Later, they may be flown from base to base as the simu-~
lation directs. Input Illustration 3 from Input Form 1 shows how 29
F~1114 and 3 F-4C aircraft types might be specified on this form. The
aircraft types should agree with the types identified on other inmput
forms, such as Input Form 4, which establishes periodic and postflight
inapection policy.

Simulation Identification is entered on the first card in the

deck (row 1 on Input Form 1); this card may contain any information.

The identification will appear on 2ll printed output.

INFUT FORM 2

Input Form 2 containg three kinds of information: wmission rout-
ings and associated inputs; mission description and confilguration data;
and standing failure (ground malfunction) informatiom.

Mission Routings (origin, intermediate stops, and terminal

destination) must be specified for all aircraft. As illustrated
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belﬁw, missions may be identified in any convenient way in the mission
list field. All missions identified in & simulation must begin, stop
at, and end at a base identified in the base list field, As indicated
in Input Tllustration 4, a mission may begin and end at different
basea (MISS1), or begin at one base, include landing at specified
bases along a route, and end at the original base (MISS2) or at some
other base (MISS3).

MISEION ROUTING
FORM 5;..
NO, MISSION LIST | BASE LT FLYING TIME E; |
3] g
1402 nsioslozioalpel1oh 1121 af14)15[sah 7 1ah19l20[ 23 {221 23{24] 25024
2 ; ; : 27 ;
2BAM IIsIs| SlE 1t I .|oj0
2 SREGE
M I 5512l 18lAis|E] 1 ARG
2 Flp8|i stol | 11!
28 Figsia /] .Joiol | {4
2 Pnser . {
2X3M|1|515]3! 8laisie| s 1| .lolo
25 BlAis €2 21 . lolo
2 BAls (31 .
2Byeis|t BIAIS|E| 1! li.log
2 B4 1S £l ~l9i.lole) | 13
2 BAls E 3 . 3
2L sl Figisl ~|/!.1010
2E F}p]gf 3
25T NITIDIT ICIF@BI -2|.10/9]
2B F1#8)1 . 3
2Edcis3 Fa8li| [ Flil.lelo :
P4 l F8 . 3,
2pAcis 4 Als |Elf /.00 :
2 1BalsiEa =] .01
2} {Blaisies I

Input Illustration 4
(Form 2)

Flying Time to next base, or between bases, for a given missiom
may be'dﬁgéifiéﬁ in heurs, to the meareat hundredth (MISSl, 2 and 3),
orfﬁg;drawn from a distribution (€81). Such inputs are optional
and may be skipped if the flying speed optiou is used. The flying

time to the '"next base® must be shown even if the mission tzakes off
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and lands at the same base (CS2). Flying time to the next base
should not be given for the 1ééﬁ.s£op'ou the route.

Flying time inputs may be used to:  (1) specify the flying time
for selected missions or types of activiﬁy-(trainiﬁé sortiés last
four hours, combat missions two hours, ete.); {(2) reflect distances
and flying speeds between bases or along routes; and {3) represent
random flying times (sortie lengths) or simulate combinations of these
characteristics of a mission. For example, assume a route.(MISSS)
beginning at base 1 and ending at base 3, with an intermediate stop
at base 2. The flying time from base 1 to base 2 miy be one hour;
from base Z to base 3 it may be two hours. Alternatively, for close
support (CS1) missions the time between base 1 and base 2 may be one
hour, but the time between base 2 and base 3 may be "drawn” from a
distribution (No. 9) reflecting the range of flying times experienced
in providing close support for Army operations out of base 2. Simi-
larly, it may be assumed that close support or interdiction (INTDIC)
missions flown from a single base (mlission begins and ends at the same
base) might_be different and vary in length. To illustrate, close
support missions (CS2) might be drawn from a diastribution reflecting
the average and range of times; interdiction missions (INTDIC) would
be drawn from a second distribution.

Attrition Policy may be specified for any or all missions. It

1s optional but, if used, it brings the aireraft down (for repairs)

at the next landing place or base, unless a ''diversiou mission" has
been specified on Imput Form 4. Such diversion missions allow one

to specify the location of logistics support for combat damage repairs
when they are included in the simulation. As explained later, attri-
tion policy, denoted by any convenient number on this form, applies

to damaged and lost alrcraft and to simple air aborts (mission failures
that may or may not be associated with maintenance requirements).

- All entries should be the same as those used om Input Form 4 because
these numbers are the only way available in the model o asgoclate
selected attrition probabilities with given missions or mission legs.

Since the model checks the attrition policy just prior to the
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aircraft's landing at a base, attrition must not be specified for
the initial launch base. See MISS2, (€S1, €S2, INTDIC, and CS3 for
illustrations. Additilonal explanation and uses of this input will
be found in the discussion of Input Form 4.

Mission Description includes six elements of information:

mission names or numbers, priorities, weather constraints, air speeds,
status pools, and configurations. .Since some outputs are identified
by base and mission oanly, it is important to remember that mission

inputs associate the different aircraft types with each mission

identified in the simulation. One or more missions must be described
for each simulation., Each mission must be associated with oaly one
type of aircraft; however, different aircraft may fly the same mission
if it 1s given different names,

Mission Nawes may be in any convenient form, Although mission

routings do not have to parallel (be listed on the same rows) the
mission name list, care should be taken to make the missionﬁioute
list agree with the mission names, Both lists must con;aiﬁ_the same
names., A routing may apply to ome or more missions, but a mission
cannot have more than one routing.

Migsion Priority refers to the launch priority from the three
different status pools described later in this section. Priority
beging with O, and higher numbers indicate highex priorities. As

shown in Input Illustration 5, close support (€8) missions given
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{Form 2)
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pricrity 2 will receive launch priority (within the flying program
inputs) éver interdiction (INTDIC) missioms assigﬁéd to priority 1l.
These priorities establish maintenance (launch service) priority to
meet outstanding launch requirements from the different status pools,
In this example, cleose support missions would be uploaded before in-
terdiction missions

Priorities affect‘not ohlj thé relationship of missions, but also
the relationship of the aircraft status pools. Only scheduled alert
flighes (652) will fly aircraft from the alert pool. However,‘high‘
priority* migsions (€S3) may be used to preempt aircraft from the
alert pool whether or not scheduled alert flights are required.
Mission priorities also can be used to preempt aireraft in noncritical
maintenance associated with lower priority missions. If no priority
is selected, the model assumes that the lowest priority (@) was
intended for the given mission:(HISSl,'Z, and 3).”

Weather Constraints are identified as 'maximum launch weather.”

Weather levels established on Input Form 1 must be used. It should be
noted that levels identified on Input Form 1 should agree with those
specified in this ioput. Weather severity levels higher than those
entered on this form will prohibit-léunch duriung periods of such
weather. Maximum launch weather specifies the highest (worst) level
of weather in which the mission can be launched. If it is left

blank, the mission can be launched only when good (level 1) weather
prevails.

Mission Airspeed may be used with the base latitude and longitude

option described on Input Form 1. The speed must be specified in
nautical miles per hour, or it may be drawn from a distributiom
specifying different probabilities for different speeds in nautical
miles per hour. Airspeed can be uged if base locarions have been
given on Input Form 1 for the bases on the mission route. The alr-
speed is used to compute the flying time between bases. Since the
flying time between bases can be input directly, flying speed is

optional and may be determined by a draw from a distributiom.

*
Arbitrarily defined in the model as any priocrity of 5 or over;
lower priorities will mot preempt from the alert pool.
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Status Pool(s) to fly from should be specified for each simulation,

or the model automatically flies all missions from the flyable pool.

(Some entry is preferred.) - Three readiness status pools have been

establighed for the model as follows:

No.

1

2

Name

Flyable Pool

Ready Pool

Remarks

Aircraft in the flyable pool are immediately

ready to fly. ﬁd léﬁneh service is performed.
Unless other constraints {launch service

routines described later) are established, all
aircraft are made available for operations through
this pool. Given an appropriate launch serviee
activity (missiom configuration), aircraft will

be moved from the flyable pool to the ready pool.
Thus, uploaded aircraft will not be flown from

the flyable pool even if an error* has called for

such action in the inputs.

Aircraft must be uploaded, i.e., go through
launch service, before they are ready to be

flown from this pool, In other words, ready
aircraft not only are considered flyable, but
also have been configured for missions flown from
the ready pool. If an aircraft is uploaded for

a sortie but for some reason is not flown (bad
weather may cause the sortie td be cancelled),
the aircraft will not be uploaded again fox the
same mission. If another mission calls for it,

ek
the aircraft will be downloaded  and uploaded

again.

*
This will be indicated by an error message, Number 105, Such
an error deoes net stop the simulation.

If inputs have not specified download rescurce requirements,
the model will not reflect download time even though it "runs" the
aircraft through the downleoad routine.
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3  Alert Pool This pool i3 activated by the alert schedule
(Input Form 5) and is used when ground alert
ts a part of the simulation. The alert pool
-contains: aircraft that have been properly ser-
viced or uploaded for alert missions. If an
aircraft is launched from the alert ﬁool, it

.will be replaced immediately by another ajr-
craft, if available, from another pool unless
overridden by priorities (5 or greater) estab-
lished in the preceding priority inputs,
Whichever pool-mission combination gets higher
pricrity, aircraft in lower priorities will be
downloaded and uploaded to meet outstanding

higher mission requirements.

Aireraft Type-Mission combinations must be specified, OQnly the

specified aircraft type can be flown on a given mission. The aircraft
type given must also appear on Input Form l. As indicated in Input
Illustration 5, if a single mission (CS) is to be performed by more
than one aircraft type (F-5A and F-4C), it must be given different
mission names (CS1 and CS4). The same aircraft type (C-130) may be
given different aircraft speeds for different missions (MISS1 and
MISS2). Missions also may be given different flying times. For ex-
ample, the entry for MISS3 shows no airspeed; therefore it will last
as long as specified in the flying time inputs.

Although the number of theoretical combinations of aircraft,
speeds, missions, and priorities is very large, practical identifica-
tion of these inputs should result in a manageable set. In any event,
careful and proper identification and specification of aircraft-speed,
mission-priority combinations is required to avoid simulation errors
and confusion in interpreting outputs.

Standing Failures are optiomal imputs and vefer to ground

malfunctions a#nd unscheduled maintenance requirements which, in
actual operations, do not seem to be directly associated with sorties.
It is assumed that they are gemerated at random by standing stresses

and are more likely to be associated with standing or readiness
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status than with flying stresses., It is likewise assumed that stand-
ing failures may be discovered at any time through casual observation
or during walkarounds, preflights, or other inspections. They also
may be used to simulate minor tech-order compliance actions, special
inspections, and random quality-control checks. As already indicated,
their use in a simulation is'optiqnai, depending upon the user's as-
sumptions and/or the availability of data. They occur only on an air-
craft in the flyable, ready, and alert pools, never when it is in a
maintenance status. )

Standing failures may differ at wvarious bases according to weather,
policy or other reasons; therefore, cach base at which the routine is
to be activated must be identified and assoicated with its own stand-
ing failure inputs. The base name must agree with a base listed on
Input Form 1.

Aircraft Types also may exhibit different levels or kinds of

standing failures or requirements, Tﬁey must be identifled separately
and agree with the aircraft type listed om Input Form 1.

Failure Check-Periods represent the times that failures are

"checked™ and may be discovered in the simulation. The model "checks"
at specified intervals, such as every four hours, every hour, every

24 hours, etc. Input Illustration 6 shows checks on the F-111 every

STANDING FAILURE®

FAILURE

BASE NAME | ARCRAFT TYPE
CHECK PERIOC | PROBABILITY
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Input Illustration 6 :
(Form 2) ?
four hours and on the C-130 every six hours. Continucus monitoring
is not possible to simulate on a computer, but it can be approximated

by frequent monitoring over discrete time intervals. However, if the
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aircraft are mounitored too frequently, computer run-time can be
axpected to increase. If a random check pattern is preferred, a

random draw from a distribution ("-7" in the i{llustration) may be used.
The checks begin at time zero and continue to the end of the simulatiocn.

Fallure Probabilities are written in terms of the probability that

a single aircraft will fail at each specified check period. Thus,
the computer checks all aircraft currently at a base one at a time
(no failure, or failure) that are in alert, ready, or flyable status.

In other words, aircraft in the air or in any maintenance status,

including queues, awaiting parts, etec., are not subject to ground
malfunctions or standing failures. All maintenance status conditions
are excluded on the theory that available data inputs reflect such .
standing failures without distinction along with other maintenance
activities. That is, they are likely toc be coded, along with items
broken during maintenance, as "discovered during other maintenance

activities.” A failed aircraft goes immediately into the appropriate

maintenance specified for standing failures (STAND)} on. Input Form 6.

~ INPUT FORM 3

Input Form 3 contains two kinds of inputs: resource availability
and shift alignments, and sortie make-up policy. The first identifies
types and quantities of resources; the second prescribes the operations
cancellation or sortie make-up policy for each mission. Since the
, construction of the resource shifts closely resembles that of make-up
policy periods, a brief explanaﬁion may clarify the process for
defining their durations and combinations.

A week is defined és a pattern of days that 1s repeated over and
over, Although there are seven days in a week, for simulation purposes
there need not be, If seven days are not accounted for, the computer
will print a warning message to that effeet,

Each week is composed of dayS, and a day is defined as a cowmbina-
tion of resource shifts or make-up policies. Several days in the week
may include similar combim tions, in which case the user should define

how many times any specific day will be repeated. For example, if the
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five weekdays are to bhe identical, the user may define the day once
and have it repeated five times and then define the remaining two
days of the seven-day week.

Each day is composed of resource shifts or sortie make-up/cancel
periods. There may be any number of shifts or periods in a day. For
simulation purposes, the durations of all shifts or periods in a day
need not sum to twenty-four. The program prints a warning message if
twenty-four hours have not been defined and fepeats the given shift
pattern.

Base names defined on Input Form 1l will be used to specify where
the resources are located. Resources cannot be moved among bases.
However, the following inputs provide a very flexible means of speci-
fying when any given quantity of resources will be available. Shift
arrangements may be changed at any point in time by appropriate inputs,
and may be different at each base included in the simulation.

The resouxce list identifies all regources by name and type ot

number. Only PT (personnel), ET (equipment), or PA (parts) aze
acceptable resource names. The resource type or number may be any
combination of alphanumerie characters.* Uulike persomnel and equip-
‘ment, parts (PA) resources are used up when demanded, The present
model does not include a replacement routine to simulate inventory
policy or stock replenishmeant parameters; therefore, PA resources
are of limited gimulation value, i.e., for accounting for units of
cousumables such as fuel, ordnance, ete.

Each base-resource combination mast be identified with a workweek
which, in turn, must be composed of one or more working days. The
user may indicate when the workweek becomes effective (Cola. 16-22;

or these columns may be left blank, indicating that the week will
begin at the start of the run).

Each workweek day wust be defined by a number and show the
number of times it is to be repeated. The number of the first day
should be one, and the total number of days accounted for in a week
should, but need not be, seven, As shown in Input Illustration 7,

e ——————

*

Time delays (TD), identified on a subsequent form (6) and re-
flected in outputs, are not considered or treated as resources on
Input Form 3.
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the weekdays might be defined as one (1) and repeated five times in
succession, and the weekend could be defined as another day (2)
repeated twice (HBl, PTl). Other workweeks are defined for other
bases and resources in the sample, Note that they also must be

defined for equipment (ET6).
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The beginning of a workweek is a2 key input on Form 3. Any

workweek may be associated with any number of bases and resources,
but whenever a new workweek 1s defined (a new workweek day No. 1
occura}, the bases and associated resources must be relisted. In
other words, whenaver a new workweek is defined, all previoualy
listed bases and resources and aggregations thereof for previous
workweeks are loat and must be repeated if they apply to the new
Tesource.

Shifr definitions include three kinds of informatiom, all of

which muat agree with their corresponding workueek/reaqurcefbase

combinations:

Shifts will be numbered from one to n. Each working day must
be composed of one or more shifts.

Shift duration will be specified by the user in terms of hours
and hundredths, and the sum of these shifts will usually, but
need not, be 24 hours.
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Resource quantities will be specified or be determined by a
distribution designed to represent variations in availability
from shift to shift, Several examples are provided in the
illustration. At HB1, PT1 works a 24-hour shift for 5 days a
week, and a 24-hour shift on the weekend. During the week, 15
personnel of this type are available around the clock; over the
weekend the number available is reduced to 5. In this case,

we might interpret the actual shifting arrangement several ways:
as 2 twelve-hour shifts, 3 eight-hour shifts, or as some other
combination of shifts, each of which would provide the same
number of regources available for work,

Shift arrangements at HB2 are different. PTl works a 5-day
week, and two more separate days complete the week., There are three
shifts for dey 1 (5-day week), each 8 hours in duration. The number
of PT1 personnel available over the three shifts is 20 for Shift 1,
10 for Shift 2, and 3 for Shift 3. The arrangement for equipment
ET6 at HBZ shows 6 pieces available during the week and 4 over the
weekend. Perhaps the two missing units were in maintenance.

Finally, it should be understood that personnel (PT) rescurces
may be specified either in terms of individuals (from a manning
document) or as teams or erews. In both cases, the user must
correctly relate them to demands on Input Form 6; i.e., teams should
be used (normally one at a time) or one or more individuals sheuld
be used to make up a team (average number of some number speeified
by a distribution). As discussed later, the number of pecple forming
a crew or team may be determined by a distribution of team sizes,

Sortie make-up policy must be identified for each missiem

included in the simulation, or the model assumes that sorties will
be saved and made up indefinitely. Since these policies usually

are cycled on a daily basis, the sortie make-up policy is very simi-
lar in compesition to the workweek and resource-shift policy. The
only difference is that a shift for a resource indicates a duration
of time that some quantity of a resource ig available. The period

for a make-up policy indicates the duration that a certain policy
will be in effect.
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The migsion list is self-explanatory and should agree with

mission informatifon provided on Input Forms number 1 and 2.

Policy becomes effective at a time specified in terms of the

day, hour, and minute desired for the given simulation,

If the

effective time is left blank, the policy will begin at the start of

the run.

However, the user is cautioned that mission make-up policy

should’ be defined starting’from time'zero::because undefined mixes

cause model logic problems.

The flying week is composed of flyilng days that are repeated

some number of times during the week.

nmmmbered 1.

will be similar to workweek arrangements.

The first day is always
Any number of repetitious may be specified but usually

The policy code identifies the policy for each given period. A

sortie make-up policy may have two actions, one when it goes into

effect and another during the time it 1is effective. The possiblé

make-up policies are as follows:

Policy
Number Name
1 Make-up
2 Save
3 Make-up
: and

‘Save

Action When It Goes
Into Effect

Model attempts to
makeup any sorties
previously saved.

I1f they cannot be
made up, they will

be cancelled.

Any sorties previously
saved will continue to
be saved.

Model attempts te make

" up aoy sorties

previcusly saved,

" If they cannot be

made up, they will

be saved,

Action While It Is
Effective

All sorties that cannot be
launched oa schedule will

be cancelled.

Any sorties not made will be
saved, Make-up will not be
attempted, '

Any sorties not made,

-ineluding those_pqgviously_

saved, will be saved. When
an aircraft becomes avail-
able, make-up will be
attempted. If the make-
ups are nat successful,

sorties will be saved.
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Policy Action Wher It Goes Action While It Isg

Number Name Into Effect . Effective
4 Cancel = All sorties previously All sorties not made when
saved are cancelled. scheduled are cancelled.
5 Cancel All sorties previously All sorties not made when
S;::n saved are cancelled. scheduled are saved. Make-

up will uot be attempted.

6 Save All sorties previcusly All scrties not made when
022221 saved will continue to scheduled will be_cancelled

be saved. but those bfought forward
from a previous period will

continue to be saved.,

Illustrative examples of sortie make-up policies are given in
the following Input Illustration 8. The policy for RIL becomes
effective when the simulation begins and is contimuous. All sorties
scheduled on Input Form 5 will be made, made up, or saved until the
simulation ends. The policy for RTZ begins on Day 30, Hour 0, and
Minute 0, and is & sequence of different policies, Day 1, which is
repeated five times in guceession, 13 divided into four periods.

The first period lasts 12 hours. At 1200 hours, the next policy (4)
goes Into effect and lasts 6 hours. At 1800 hours, policy number 2

goes iato effect and lasts 4 hours., Policy number 3 is in effect

the last two hours of the day, and the sequence begins again. After
five sequences (days), Day 2 is in effect for two days. This day is
divided into two l2-hour periods during which policies 3 and 4, respec-
tively, are in effect, When these two days are over, the 5-day sequence
will be repeated. Policy number 3 will be effective around the cleock
for missions named RT6, RT7, and RTS.

Many other combinations are possible. The primary precaution is
that all policies and periods should be constructed so that they
agree with the sortie schedules and requirements established on
Input Form 5. The two forms should be cross-checked for consistency
because is is possible to set up a schedule that the make-up policy

will change after a few hours of gimulated operations. Im additiom,
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Input Illustration 8
{Form 3)

one should be careful to identify a continuocus set of policies and
avoid automatic model'assignmenté;of make-up policy No. 3, which

might not be desirable for the.givén gimalation.

INPUT FORM 4

Input: Form 4 includes two kinds of inputs: (a) attricion and
air abort constraints and policy, and (b) aircraft inspection policies
and ground abort rates.

Attrition and air abort constraints and assoclated policies are

optional inputs. They allow the user to simulate combat conditicns.
They also allow some flexibility in the scheduling of missions by
allowing ﬁissians‘po be rescheduled if they fail, permitting aircraft
to be diverted when damaged.

The pelicy number ties the attrition policy to missions or mission
legs identified on Input Form 2. The attrition policy is checked
immediately prior to the arxriwval at a base. Thus, the policy defined

for a stop on a route would encompass all exposures, evasive actions,

etc., from the last to the present stop. This allows cousiderable
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flexibility. For example (see Input Illustration 9), if a dummy base
is defined as a target, it becomes an intermediate stop on a route,
Therefore, policies may be different before aircraft reach the target
(Policy 1) and after they pass over the target (Policy 2).* In addi-
tion, the user might wish to replace (Code 3)* all lost aircraft,
whether they were lost before or after reaching the target, but wish
to reschedule {Code 1) only those missions that fail prior to reach-
ing the target, Finally, it should be noted that the policy number

should agree with a policy number listed in the routing on Input

Form 2.
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EFFECTIVE FROBAEILITIES POLICY POLICY
rosd | A lroucy 3 4
o N0 o Jon [ e | | e [ e B e
1102102104105 06107 iof 1112} 30ah shel1 7] el vstzol21 [zzzal 2a k25t (27 28] 29430031 | 32033 34135 36l 37 g 3940041 [ 420 &3
n tx e e _ ; Rk
4 ! dololi| |.lololol 1. |ololaizREelPlLIAC 1IDIVIEIRIT
4 Jolols] 1.0l 1. oloi 3IREPYL A0

Input Illustration 9
(Form 4)

Policy becomes effective on some specified simulatiom day, hour,

and minute, If these columns are left blank, the policy becomes
effective at the beginning of the rum. This feature allows the user
to redefine attrition and air'abort_policies at any point in time.
In terms of SIMSCRIPT, this i3 an exogenous évent and must be speci-
fied for all policies and changes.

Attrition and air abort probabilities are similar kinds of

inputs and are intervelated in their impact upon the given mission.

Occurrence of either kind of event on a given sortie causes the

*
Replacement and reschedule codes are explained in subsequent
paragraphs. :
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sortie, but not necessarily the mission, to fail.* Regardless of the
probabilities used, only éne of the following kinds of events can
happen to a slingle aireraft on a single mission., Their sum cannot

be greater than 1,0, and 4{f it is 1.0, there will be no successful
missions.

The probability of combat damage (referring to a single aircraft)
is used to simulate combat damage and the resulting aircraft down-
time and repair requirements. Separate maintenance can be performed
on combat-damaged aircraft, as specified on Input Form 6. .Such an
aircraft camnot be lost, but it may result in mission failure.

The probability of aircraft being lost is used to simulate

combat attrition losses, 1.,e.,, to identify aircraft that are totally
destroyed and therefore lost to the available force. Lost alreraft
disappear from the simulation and may or may not be replaced, as
provided in subsequent inputs. A lost aircraft may cause mission
failure but will not result in demands for damage repalrs.

Air abort probabilities are used to simulate air aborts due to
operational causes (weather, pilot error navigation error, etc.).
Iniike combat damage; théy are not connected with subsequent special
maintenance requiremeats; however, sorties that air abort are gsimilar
to any other sortie in their generation of regular maintenance require-~
ments. As explained later, éﬁ air abort may be used to represeat
single-mission failures and target misses.

Combat-damaged and lost aircraft may be replaced by aircraft

from another base or source, including dummy bases that have no other

purpose but to serve as "replacement" pools.

Replacement policy may be specified by one of the following four

codes:
Lode Policy Meaning
1 Do not replace
2 Replace combat damage only
3 Replace lost aircraft oaly
4 Replace both lost and combat-

damaged aircraft.

Given multiple sorties (sortie elements)} in a mission, a single
sortie may fail but the mission fails only if all sorties in it fail,
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Replacement aireraft, if any, must be flown in over a designated

replacement mission or route. Although a mission must be identified

on Form 4, it will pot be scheduled on Input Form 5. The routing of
these missions on Input Form 2 specifies the base to get the aircraft
from, their flying time, and their destination. Thus, replacement
flying time may be.fixed or be a variable drawn from a distribution.
Speclal inspection or maintenance can be performed on the aircraft
when they arrive by specifying the maintenance for the mission on
Input Form 6.

Mission failure policy also involves other'alternatives that

may be included in the simulation. A code has been provided to
indicate whether or not a falled mission may be rescheduled, If
failed missions are to be rescheduled, place a "1'" in this columm.
Note that if an aircraft receives combat damage, is lost, or suffers
air abort, it constitutes a "mission failure' for the given airecraft.
In addition, if wmore than one a2ircraft wust be used to perform the
mission,* all the afrcraft on the mission must fail their objective
for the mission to be rescheduled. To specify that more than one
alreraft must be used on a wmission, the minimm number of aircraft
on a mission on Input Form 5 is made greater than 1,

I1f a sortie is to be diverted in the event of mission failure
or if combat-damaged aircraft or air aborts are to be diverted to

some alternative base for repairs, a "diversion mission' must be

identified.** This option permits one to establish a locaticn of
logistics support for combat-damaged aircraft and provide for landing
at 2lternate basea. Ian effect, such diversion missions interrupt
other mission-routiag sequences. In such arrangements the diversion
mission must begin at the base where divérsion occurs, and the next

base would be the alternate or the repair base.

tfhis reference to "mission" should not be confused with single-
sortie missions invelving varying numbers of aircraft used one at a
time. A mission also may include multiple sorties or sortie elements
involving more than one airecraft,

doike o , '
The identification "DIVERT'" shown in Illustration 9 is not
mandatory; any convenient identification may be used. :
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Inspection and ground abort poliey involves three inputs. Each
aireraft type must be{;identified with the policy desired for the
simulation, Periocdic and postflight inspections are genefaﬁed for
each ailrcraft as a function of flying time since its last inspection.
All aircraft in a simulation are initialized to spread their entry
into inspection evenly, i.e., they are assigned times-to-next-
inspection so that some aircraft will be just ready for the next
inspection when the simulation begins, but one or more will begin
inspection as soon as the aircraft return from their first.sorties.

Periodic Iingpection intervals are stated in terms of flying

time (hours) between inspections, as showa in Input Illustration 10,

INSPECTION AND GROUND ABORT POLICY™

INSPEC TIONS
AINCRAFT TYPE GROLUND
POST ABORT RATE
PERICDEC FLIGHT

4 471481491 501511521 53] 54555 ] 56 5 7] 500551 0 81 |62]63)

fdo 50 .ObJ
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Input Illustration 10
(Form 4)

Postflight inspection intervals are provided in a similar
manner.

In general, periodic inspection intervals will be some multiple
of pestflight intervals, as shown in the illustration. The model
will not put the same aircraft in both inspection categories at
once; the periodic will be done and the postflight will be cancelled.
Separate maintenance will be specified on Input Form 6 for both
pexiodic and postflight inspections. Sorties triggering inspections
when they land also may generate unscheduled maintenance requirements,
if provided for in the inspection (PER@D or P@STFT) inputs. If
ingspections are not desired in a simulation, the interval entry should

be left blank. This bypasses the routine. A large number (999)
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provides approximately the same results except that the initialization
routine puts one or more aircraft in the relevant inspection after the
first soxtie. Even if such inspections last zero time, the simulator-
causes the aircraft to miss the other maintenance the user might want

them to receive. Such cancellation occurs because inspections (PER@D

or PPSTFT} are identified in the "mission” field and cancel other mis-
sion maintenance requirements.

Aircraft may be inspected at a designated base other thaun where
they are initially located or where they land when the inspection comes
due. If this is desirable, appropriate inputs must be provided on
Ianput Forms & (NRTS policy) and 8 (designated base and flying time).

Ground aborts are the source of another kind of unscheduled main-

tenance, except that they are generated by attempts to fly. Hence,
every simulated flying schedule designed to achieve a given level of
flying should be scaled upward to account for the ground abort rate
used in the simulation. If ground abort is desired, the probability
of a single aircraft failing during takeoff should be given. Separate
maintenance can be specified on Iaput Form 6 to repair aircraft that
have suffered ground abort. Note that a ground abort rate is associated
with an aircraft type without regard to mission configuration or base
location. However, ground aborts generate make-up sorties according
to the sortie make-up and cancel policy in effect for the given period
and mission at the time the ground abort occurs. (See Input Form 3

for discussion of make-up policies.)

INPUT FORM 5

Input Form 5 includes all inputs controlling (1) sortie require-
ments and schedules, and (2) alert schedules.
Sortie schedules and requirements inputs identify missions,

*
launch times, cycling options, configuratioms or launch service

*
Launch service includeg arming actions, uploads, downloads, pod
and pylon installation and preflight activities.
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lead times, sortie launch probabilities, and flight-element or
sortie~group size.

Missions must be the same as those defined on Input Forms 2, 3,
and 6,

Launch time means the day, hour, and minute during the simula-
tion the specific mission-sortie package (ome or more sorties) will
be launched, if possible, or the time some repetitive cycle of opera-
tions or flying schedule will begin.

Sortie cycling inputs are optional, but they often provide an
easy way to prepare a repetitive sequence of sortie requirements
ranging from one every minute* to a large mumber once each day or
some other peford of time. Such cycles of "schedules” or requirements
may be discontinued at any time and begun again later. Many, but not
all, sortie-generation requirements may be set up using these input
alternatives.

- If the sogﬁié; are to Be é&éled, the uéér ﬁro#id;s.é cyecle |
interval to control launches. This time is specified in hours and
huandredths or may be determined by a draw from a‘aiéfributioh if
random intervals are desired. o

Discontinue cvcle inputs are used to adapt sortie requirements

or schedules to the simulation. Unless discontinued, the cycle
will repeat until the sisulation ends.

Launch service lead time is an optional input that may be used

ta pro?idefa lead time for making resource assignments to upload
weapous, complete preflights, etc. Typically, lead times are used
to generate personnel and equipment requirements early in the
morning or prior to selected missions. They alsc may be used to
differenti;té.between a situation in which warning may be assumed

and one for which launch service requirements cannot be anticipated.

*
Users should not schedule repetitive sequences to occur less
than one minute apart. Otherwise the program may eunter a loop.
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As scheduled* sortiqs are generated by the program, resources
begin te upload at launch time minus lead time for launeh service.
Care must be taken to avoid negative lead times when a simulation
begins. For example, if a sortie scheduled at Hour 1 of Day Zero
is preceded by a two-heur lead time, én error results. Lead times
may not be used with missions flown from the flyable status pool.
It is used with missions flown from the ready and alert poels. It
also sheuld be noted that aircraft uploaded for a given mission that
is cancelled for some reason will not.be uploaded twice if they are
required fo; the same kind of mission at a later time, @n the
otherzigggg priority mission requirements may cause seme alreraft
te be upleaded, downloaded, and re-uploaded, whether or not such

action is realistic.

@Gombinations of sortie 1aqneh prebabilities provide a capability
to generate requirements to launch a random number of sorties at
differéqt_tim&s.“niiié.ééature, together with the capabillity to use
-a-&iétfibution to determine when to repeat seme random number of
sorties, and the sortie caneellation and make-up policies, allows
sortigf@@ﬁ&?ﬁﬁgbﬁ:requiremeuts** to be completely random but controlled.
to‘fit seme desired pattern, Feor example, a combination of these
inputs may be used to generate requirements for a random nuuwber of
sorties every heur during daylight hours, or a specifie sortie
requirement at a random time each day along with a specific number

at fixed times,

Sortie~element size or flight-element inputs permit the user to

specify any number of sorties (and only the specified number) at a
time; or some minimum and maximum number (which, im turn, may be

drawn from a distribution) within seme range of numbers specified

*

Make-up sorties generated by previous ground aborts or schedule
deficits are not imcluded in the- lead-time routine; therefore, it may
not be useful for some kinds of schedules which generate many of

these kinds of events.
e
Sortie-generation requirements do not necessarily produce sorties.

Under some circumstances, the requirements may exceed the capability
of the simulated organization to launch the required sorties.
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by the distribution that can be launched at the scheduled time. Thus,

the user may effect a policy of "mever launch less than two aircraft

on this kind of missjon, but launch any number available above two
that may be pcssible at the time to satisfy the requirement."

- " Care mﬁst.benféken.thaﬁ thé”ﬁiﬁiﬁﬁm nuﬁbef bf aircraft fo-fly.in
a sortie is not greater than the maximum number called for. The sortie-
element will not be launched unless the minimum number of aircraft can
get into the air. A minimum of 1 jis assumed if no minimum is specified,
When a minimum number of aircraft greater than 1 is specified, the air-
craft are flown in Yformation,” and even if the flying time for the
mission is random, all of the aircraft in the sortie-element will take
off and land together om all stops on the mission. A minimum greater
than 1 also affects the mission failure routines, as explained in the
discussion of Input Form 4.

h ' The méxigum number of.aifcféfﬁméb_fi§-ﬁﬁst be given. 1f desired,
maximums can be obtained by a draw from a distribution, If a distri-
bution is specified, care must be.taken to insure that all values in
the distribution are equal to or greater than the minimum size. When
a minimum and a maximum are used, the_édftié-ﬁill not be'lgugched,un-
less the minimum number of aircraft is available. If the minimum is |
available, as many aircraft as possible up to the maximum will be
launched.

Combinations of random and fixed sortie-generation requirements
are illustrated by the following entries on Imput Illustration 1ll.
Corresponding distributions and reference to sortie cancellation and
make-up policies are included. The distributions are used as examples
for Input Form 7.

The entries for close suppeort missioms (CS1) show a schedule
of requirements being generated each hour from 0703 through 1800,*
beginning at Day 0 and ending at Day 10. The sortie Iaunch_

probability is 0.5 that some number of sorties will be required

¥*
In this case, we generated the requirement at 3 minutes after
the hour. It could have been generated at any time or at different
points in time between the hours.
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Input Illustratiom 11
{Form 5)

for each of the hours 7 through 10. Froﬁ hours.ll through 14 it is
1.000 {no entry required). From hours 15 through 18, the probability
changes from 0.700 down te 0.400 that some number of sorties will be
required at each launch time. The number of sorties required will

be determined by draws from distributiona* numbered 1 and 2, which
follow:

*

Sortie-element minimum is not required when using the distribu-
tion routine signified by a minus sign, because the model translates
nc entry to mean 1.,
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Distribution No. 1 Distribution No. 2
Sortie~Element Sortie-Element
Probability Maximum Probability Maximum
.300 2 .100 3
.300 3 .500 4
.200 4 .200 6
. 100 5 .100 8
.005 6 .100 9
.005 7

Although not shown here, the corresponding sortie cancellation,
make-up and save policy (Input Form 3) for CS1 might be policy number
4 (cancel all sorties not made on time) for 24 hours a day beginning
at Day 0. Obviously, the policy could be different for different
days or time periods.

The entries for CSl also provide for a random number of sorties
from 2 to 7 (Distribution Number 1) during the first and last parts
of cthe day, and from 3 to 9 (Distribution Number 2) during the middle
part of the day. In addition, the random number of sorties generated
for the different hours might or might not actually be required as
dictated by chsnce and the sortie-launch probabilities entered for
the different hours. ‘

Reconnalssance missions (RECON1), on the other hand, would be
generated at different times during the 12-day period. The specific
time for each day would be generated from Distribution Number 3*

~according to the probabilities for each cycle interval, as shown below.

Distribution Number 3

Cyele Interval

Probability {hours)
.50 9
.55 12
.70 14
1.00 16

%*

Cuamlative probabilities have been used in this distribution to
illustrate the alternatives. See discusaion on Input Ferm 7 for
additional information on distributions.
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The first launch would be at 0000 hours on Day 1, but thereafter the
interval between recounaissance missions will be randomly determined
by the values in the distribution. Of course, other periods and
times could have been specified and the probabilities might have been
equal for all times used, or different for the different cases. As
indicated, the time of mission requirement is random, but the regquire-
ments are specified. During this period, the simulation will launch
1, 2, or 3 aircraft at the time required.* Again, corresponding
make-up poiicy might cause the requirements to be cancelled if not
made on time, or be made up later within some period of time such as
30 minutes, 3 hours, or longer.

Interdiction missions (INT) provide additional examples and
include inputs that would generate both variable and specific require-
ments at varlable and specific times during the simulation. On
Days 5, 7, and 9, after the first launch a2t the different houra for
each day the requirement would be for a varying number of sorties
at varying times. On Day 5 at 1500 hours and repeasting every 4 hours
thereafter until Day 153, the requirement would be for five sorties,
Such a "schedule" could be used to simulate air alert, around-the-
clock bombing, fly-overs, etc. On Day 7, at 1800 hours and every
two hours thereafter until Day 30, there would be another requirement
for four more sorties. Thus, the simulation would attempt to launch
five sorties every hour, and four more every other hour on the even
hour;. Finally, beginning on Day 9 and repeating every 24 hours
(each day) thereaftexr until Day 45, it would attempt to launch two
aircraft at 1900 hours each day.

To complete the discussion of Input Illustration 11, it will be
noted that the launch service lead times vary for the same mission
during different times of the day and for the different missions.

The entries have no particular meaning, other than to illustrate that

*
In all cases, the number actually launched will be determined

by the capability of the unit in the simulated operations; it might
be all, some, or uone.
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the lead times may differ for different missions and for different
time periods.

Alert schedule inputs activate the alert pool routine and prior-
itieg, and they may be used to generate operations requirements alone
cr in combination with other sortie-generation requirements. For
example, on-call close support sorties might be met by random launches
from an alert pool,?with other requirements being flown from the ready
or flyable pools. ' ”

As indicated in Input Illustratiom 12, alert schedules are asso-
ciated with given bases and aircraft types. Thus, every base and air-
craft type combination wust be identified for which alert is desired.

Each alert schedule begins on the prescribed simulation day, hour,
and minute. Any given schedule (C-130) ends (Day 10) when a new sched-

ule supersedes it, ox continues until the end of the simulation. Air-

craft may be put on or taken off alert at any time.

Quantity on alert is self-explanatory. The quantlty specified

will be kept on alert so far as possible with the given force size
and logistics support capability. The entry also may be zero (Bi,

. F-4C) and thus discontinue any alert schedule set up during a previous

period of time.

BASE MAME SCHEDULE BEGINS [ AIRCRAFT TYPE E%
DAY | HR | Man gg
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Because alert schedules are given priority in the model, it is
important to understand the interactions among alert schedules, main-
tenance events, and mission priorities.. Aircraft can be removed from
the alert pool by the schedule of alert, by an aircraft suffering a
standing failuvre, by a mission being flown from the alert pool, or by
4 mission requirement with a priecrity equal to or greatex than 5. A
schedule change in alert is self-explanatory. Launched alert sorties
or alrcraft experiencing standing failures cause another aircraft, if
available, to be placed on alert to £fill the woifd. Thus, the moedel
‘attempts to maintain the alert schedule. Although it never preempts
aircraft from other serties, the routine will attempt to keep the
required number in the alert pool until the requirement is removed or
lowered or a higher-priority mission requirement (Priority 3) is gener-
ated that preempts alert aircraft from the pool, Depending upon
simulation purposes, these alert pool conditions and constraints may

or may not be a desirable model capability.

INPUT FORM 6

Input Form & contains maintenance parameters and requirements,
resource requirements, and an entry to end the simulation. In some
cases, the form is simple and easy to complete; in others it contains
a complex set of inputs and must be prepared with considerable care.
Simple simulations, involving only maintenance turnaround requirements,
require a simple set of maintenance inputs. However, complex simula-
tions usually require many crucial inputs, which should be carefully
completed and cross-checked to avoid errxors.

Maintenance parameters are identified with bases (both takeoff

*
and landing), and (through the mission assoclatiom) aircraft types.
They also are identified with aircraft systems. Systems, in turxn,

may be identified in terms of the work done by the different shops or

*
This 1s why the model is programmed to require unique mission/
aircraft-type combinations identified on Input Form 2.
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work centers, or as conventional Air Force systems* identified in
AFM 66-1 data.

Base names will agree with those previously identified in the
simulation. Each base at which maintenance is performed must be
associated with its related maintenance data combinaticns.** Launch
service requirements will be at takeoff base, other maintenance will
be where aircraft land or as directed by the NRTS inputs (Not Repar-
able This Statiom).

All misgions associated with a given set of maintenance require-
ments and inputs for a given aircraft type must be ldentified. In
addition, aircraft may receive meintenance unassociated with some
mission, 48 follows:

ALERT -- Upload before going on alert

ABPRT -- Ground abort

PERAD -- Pericdic inspection

PPSTFT -- Postflight inspection

STAND -~ Standing failures
In other words, the aircraft may receive maintenance after a ground
abort, as part of periodic or postflight inspections, or as repairs
to correct a standing failure. Each of these kinds of maintenance
must be listed in the mission field if maintenance 1s being described
for it. Inspections should also be cross-checked against NRTS entries
on later input forms.

All maintenance types should be specifically identified (separately)

with each mission. It should be noted that if ldentical maintenance is
to be donme at several bases, the bases may be listed down the columms.
If identical maintenance iz to be done at all bages, the user may write
"ALLY in the Bage Name field (Cols, 5-7). Similarly, if identical
maintenance is to be done for several mizsions, the missions may be
ligted down the columns, or if identical maintenance is to be done on

all missions, "ALL'" may be entered in the Mission field (Cola. 11-13).

*
Two-digit work unit codes and appropriate aggregations of the
support-general codes,

ook
Maintenance input examples are illustrated later {(p. 46), after
discussion of maintenance interrelatiouships and input logic.
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The different types of maimtenamee aetivity are identified amd
described below:

Code Maintenance Type
DC Debriefing, communications lags, ete.
TS Trouble-shooting
M Unscheduled maintenance
FC Functional checks
IS ' Inspections
FS Fuye l-servicing
LS Launch service (Upload)
DL Dowmload
CDTIS Combat damage trouble-shooting
ChuM : Combat damage unscheduled maintenance
CDFs Combat damape fucl*sérvicing

Filgure 2 illustrates optieomal "flows" of maintenance activity.
Normally, maintenance would be performed in the steps outlined, from
debriefing through fuel-servicing, A4a indicated, some flows begin with
a specified activity, such as a standing failure or a sortie schedule,
The associated maintenance may begin at a later step, such as unsched-
utled maintenance for inspectiens, but not before. Any step may be
eliminated from the flow by not providing for it in the inputs. For
example, the dashed line shows an alternative for inspection (IS) which
would exclude all other maintenance activities.

Each of the maintenance activiéies nmf asgociated with missions
(AB@RT, STAND, etc.) alsc may be subdivided inte the differemt types
of maintenance. Thus, ground aborts typically would be associated
with unscheduled maintenance (UM) and furectional checks (FC). They
might or might net generate additiomal refueling or servicing requirxe-
menta., As shown by the branching in the figure, periodic (PER¢D)
and hourly pestflight (PGSTFT) inspectiens, in turn, might be handled
as packages under inspections (IS) or be subdlvided into the various
types of maintenance activity, beginning with troublesheeting (IS).

The actual sets and combinationa of maintenance used depend upon data

availability and simulation requirements.
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Fig. 2 -- Typical ma2intenance~activity flows



With certain limitations, selected maintenance activities may be
substituted for others or be used to represent different events in a
simulation. For example, debriefing activities at an intermediate
stop (enroute base) may actually represent offload and onload activity
for a cargo aircraft. Associated with different persomnel types {which
could not work together), offload could be kept separate from onload
activities. Such activity could be simulated in other ways. For exam-
ple, offload could be debriefing maintenance (DC) and onload could be
fuel service (F8). At base of origin, but not at intermediate stops,*
launch service (LS) might represent cargo loading activities.,

The NRTS policy is used to identify maintenance types (UM, TS,
etc.) that must be corrected or fixed at another base. An entry in
this column causes the aircraft to be flown to another base and all
maintenance of this type is done at the other base. NRTS policies are
further defined on Imput Form 8.

Systems inputs include systems identifications, failure probabil-
ities, and the probability of the failure, if any, being critical.

The systems list may include different parts of the aircraft
(radar, power plant, airframe, etc.) or refer to the aircraft as a
whole, Systems also may be used (related to shops) to identify the
different parts of the aircraft from the point of view of the work
centers or shops. If systems are not wanted, "ALLY is used to iadicate
that the maintenance will be done on the aircraft as a whole. As
explained in the discussion on Input Form 8, systems may conflict
and prevent concurrent maintenance.

Failure probabilities are used to cause failures and demands

for the corresponding resources to perform the necessary maintenance.
As previously discussed, they may either refer to specific systems or
cover the whole aircraft. If no failure probability is euterxed, a
probability of 1,000 {s assumed.

Criticality probability. If desired, all or selected maintenance

activities and/oxr system failures, but not tasks and resource require-
ments within systems, may be given a probability of being critical,
The model attempts to do critical jobs first. Aircraft cannot be

preempted from maintenance for priority missions if an outstanding

*Launch Service (LS) activity may be used only at bases of
mission origin.
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failure is critical, i.e., if critical maintenance is being done or
is awaiting resources.

I1f, within a maintenance type, only noncritical maimtenance
remains to be done, the aircraft may be preempted. In such cases,
all maintenance not yet begun will not be "remembered' and done later.
Therafore, noncritical maintenance should be included as part of

unscheduled maintenance (UM), which also should be the last maintenance

type. If the aircraft is not at the home base (origin of its mission),
additional noncritical maintenance will not be started after all
critical maintenance has been finished; rather, it will be held to

be dome concurrently with the next critical maintenance to be done.

If the resources required for noncritical maintenance are not avail-
able at a base other than the aircraft’s home base, it will not be
"grounded" for such maintenance. However, unavailability of resources
to do nomcritical maintenance at the home base sets up a resource
“D/NA" condition (resource is demanded but not available) there which
will continue until the resource is available or the aircraft is
preempted. No entry means that all applicable jobs for the system
are noncritical. The probability may be any desirable proportion'

to fit assumptious or facts.

Maintenance requirements describe the various tasks that must

be performed for a given set of maintenance parameters. Each task or
maintenance requirement, in turn, is composed of resource requirements.
Each maintenance requirement must be associated with one or more
resource requirements. Unless prevented by sequencing, conflicting
maintenance, and maximum-personmel cnnstraints* discussed later, all
resources associated with a given maintenance requirement or task

work together, Unless interrupted by shift changes, the resources

will work on the task until it has been completed. Maintenance
requirements are processed in the order in which they are listed.

Unless prevented by constraints, all maintenance requirements for

Maximm number of people that can work at one time, conflicting
systems, and task-sequencing rules.
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a given system will be started as soon as possible by processing
them “simnltaneeusly."*

Duration of a maintenanee requirement or task refers to the
elapsed time to repair, inspect, trouble-shoot, etc. -~ that is,
to how long it takes to complete the job, do the task, or fix the
failure. Each duration entry must be associated with at least one
Tesource. It establizhes how long the resource(s) will be required.
If it is intended for the entry to apply to more than one resource,
the first reseurce listed must have a duration specified, If the
duratien is omitted for any subsequent resource, it will be used as
long as the prime (first) resource is required. Of course, differ-
ent. resources may work different times and any given duration may be
obtained from a distributioen.

Probability of a maintemsnce requirement or task is associated
with its corresponding duration and may differ from the system failure
to which: it is related.

The sequence code may be used (&) to require that some tasks be

completed before others, or (b) to begin work om some tasks only
when work has begun on another task. A "1" punched in the sequence
code column indicates that the following tasks on that system and/or
maintenance type of activity cannot begin umtil the current one is

- completed. A '2" indicates that the following task may not begin
until the current one has started to work. No punch or a zero simply
means that the next maintenance will be dome simmltaneously.. No task
will begin until all of the resources (PT, ET, PA) it requires are
available and any time delays (TD) have been accounted for.

Reaource requirements refer to the different kinds of resources

that may be associated with given maintenance requirements or tasks.

*It should be noted that nothing is actually done simultaneously
cn & computer, Jobs can be done one at a time without advancing the
"clock"; however, the effect is the same as if they were done simul-
taneously. Since the computer does them one at a time and in the
order listed in imputs, the first one listed will have first call
upon any available resources needed.
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Resources consist of persomnel (PT), equipment (ET), parts (PA),
and time delays (ID). The following rules apply to the assignment of

resources to a task.

1. If used, TDs are always worked off before any other
resource cam start to work.

2. PAs and ETs are given similar treatment in the model
except that PAs are not returned to stock for reuse
as would be a piece of equipment.

3. 1If there is a possibility of PTs being used for some
task, but because of the random draw nome are needed,
~all ET, PA, and TD requirements for that task will be
ignored.

4. If ETs and PTs are working together on a task, the ET
cannot work longer than the PT. If the distribution
for the time the ET must work ylelds a draw larger
than that for the PT, the draw for the ET is trun-
cated to match the draw for the PT.

5. If PTs, ETs, and PAs are all needed in some combination
for a task, they must all be available before work can
begin (i.e., they will start work together).

Th: resource type or number may be ény combination of alphanumeric

characters. All resources used on the maintenance form must have a
work shift specified on Input Form ?; The resgurce-type entry may be
omitted for a TD because time delays are not resources; they are devices
for delaying an activity or holding aircraft in maintenance. However,
if more tham onme kind of delay is being represented by TDs, they should
be given numbers to facilitate identification.

The guantity of resources needed should be specified. If no
quantity is given, a quantity of 1 is assumed. The quantity may be
obtained from a distribution. In actual simulation practice, quanti-
ties may represent some estimated number of men, some average number
{average crew or team) , or some number drawn f£from a distribution of
available men or team sizes. The quantity is not needed for a TD.

As previously explained in connection with Input Form 3, the number

of resources required (demanded) at a time should agree with the



way resource units (teams, crews, or individuals) are made available
for similation and interpreted in the outputs.

Brobability of a resource being needed is entered for each re-
source. Depending upon how the malntenance requirements have been
established for the different systems and tasks, this probability
determines'hOﬁmongn_;hé given resource will be required to do its
part of the task. As will be recalled, the duration entry (Cols.
37-43) determines how long the resource will work on the job. There-
fore, unless there is some particular reason for grouping resources
with a given task (to simulate personmel/equipment relatiomships),
one should be sure that resources and tasks are given unique one-to-
one associationa. This helps avoid some of the errors that might
otherwise be introduced by further elaboration or sets of conditional
probabilities.

In fact, in filling out maintenance inputs on Input Form 6, one
should be very careful of conditiomal probabilities. As indicated in
the following schematic (Fig. 3), it i3 possible to use (1) different
probabilitiea for am aircraft needing different types of maintenance,
(2) conditional probabilities of individual systems failing, (3) prob-
abilities for the different tasks on the failed systems, and (4) dif-
ferent probabilities for each resource needed to do those tasks that
are required.

The schemstic shows that launch service is always (prebability
1.0) required; unscheduled maintenance occurs 526 timea out of 1000;
and a standing failure will be generated 1 time out of every 1000
hours of available aircraft time (flyable, ready, and alert time),

It also showa that other types of maintenance may be included. 1In
this case, launch service does not inmvolve multiple systems or tasks;
so it is described by "ALL" and always results in a Task 1 that is
always done by Resource 1 in an hour,

Unscheduled maintenance i{s more complicated. Two systems, 1 and
n, may fail. System 1 will fail half the time and System n will fail
2 times out of 10. Given a failure in System 1, two tasks, 1 and n,
may be required. Task 1 will be generated 9 times out of 10 and Task
n 5 times out of 10, Given a requirement to do Task 1, two different

resources, 1 and n may be needed. Resource 1 will be used 4 times
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Fig. 3 -- Selected maintenance/probability relationships
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out of 10 and Resource n 5 times out of 10. If neither resource hap-
pens to be drawn, the model treats this as being no failure. If
needed, both will work on Task 1 for two hours. Task n, in turn,
requires only Resource n and lasts 10 hours. System n, failing 2
times out of 10, generates omly one task/resource requirement, Task 1
and Resource n. The time to repair a failure on System n will be de-
termined by a draw from Distribution Number 5.

Standing failures, generated on the basis of 1 out of every 1000
hours of available aircraft time, always result in functional checks.*
System "ALL" is used, and the checks, performed by Resources 1 and n,
take 1.5 hours. 1In this case, Resources 1 and n are always used in
combination.

The schematic includes other types of maintenance, u systems, n
tasks, and n resources to illustrate that many other maintenance pa-
rameters and resource inputs might be included in a set of inputs
entered on several Input Forms 6.

The relationships shown in the schematic are further demonstrated
and explained in Input Illustration 13, which provides a complete set
of entries corresponding to the information used in the schematic.

As the schematic and sample inputs show, combinations of condi-
tional probabilities determine the probability that any given kind of

maintenance activity will occur. In other words, the input form does

‘_ MAINTENANCE PARAME TERS AND REGLIREMENTS RESCIURCE SR MEMENTS
MAINTENANCE PARAME [ERS MAINTENANIE REQUIREMENTS | PT I
FoRM MAINT. | SATS 579 TEMS ) P :I TYPE . . !
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0 loznafoalosios axoalse sl gl 130 s shaliz Tai9)20] 21122 23 74.4 3128l 271 28 | 77 0131 (12 3 5455 Ia] 37 3839 ania ez, | 571 5%) 54) 5% 5w 57| Sal5%1 a0 "e1 [aa]e ar
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Input Illustration 13
(Form 6)

*
They could have been associated with other types of maintenance.
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not explicitly contain an entry providing for a 0.526 probability
of UM, 1.0 probability of LS, and 1.0 probability of FC. Also note
that only one unit {or team) of Resource 1 is used on LS, UM, and
FC, but that different numbers of Resource n will be required to
accomplish their jobs on LS and UM (Tasks n and 1 on Systems 1 and
n, respectively). The number of personnel needed to do FC will be
determined by Distributionm 6. It also should be moted that Tasks 1
and n on System 1 may be done concurrently (Sequence 0),

Finally, it sheuld he.recalled that Input Form 6 does not contrel
the order or sequence in which different kinds of maintenance activity
will be accomplished. The order (previously explained on p. 38) for -

any given aircraft is controlled by the program. The order im which

different jobs will be completed among different aircraft, in turn,
will be determined by the order in which they are generated and entered
on the "work needed" tables, where they are ranked on the basis of
first-in, first-out (FIFD) rules. .

Simulation ends is a simple input that selects the day, hour and

minute the simulation will end. 4n entry must be made to avoid ambig-
uouz results, Simulation time should be selected for given simulations
to permit a reasonable shakedown period to reach a steady state, after
which cutput statistics become more meaningful, As explained in the
chapter on outputs, shakedown period statistics need not be collected

or printed out in the various output packages.

INPUT FORM 7

Input Form 7 contains a complete description of every distributicn
identified in the simulation. Not every distribution identified wiil
necessarily be used in a given simulation,* but every distribution must
be identified and described on this form. Three types of information

are required to describe each distribution.

*
The model prints out an error message (No. 71) identifying all
distributions identified but not used, See list of error messages in
Appendix A,
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The distribution (DBN) numbers must be given and they must be the
same as those used on other input forms.” An input edit routine is
uged to insure compatibility and print out appropriate érror'messages.**

Entries 1, 2, 3, ... , n contain two kinds of data inputs:
probabilities and values associated with each probability. As shown
in Input Illustration 14, a distribution may contain only one entry
(DBN 4) or entries may be continued on succeeding lines to provide as
many points in the distribution (DBNs 1 and 2) as may be required.
Distributions containing more than 4 entries will be continued on
succeeding lines.

Probability refers to either the individual or cumulative proba-
bility that is associated with a given value. Individual probabili-

ties must add to 1.000 in a distribution or it will be rejected.

DS TR THIONS

ENTRY 2 ENTRY 1 ENTHT 4

VALLE EROAMBLLITY

|e||7I1s wlm H]
s = ;
Sioiol 200 :
5% _Jz'amo"ilg@g ré oma;‘aaqa' ARG
i ‘ AR .
Llews| | 3[ aoig| .2ppo] | éz.. '00 N ; ;

Input Iilustration 14
(Form 7)

*When setting up simulations requiring many distributions, the
uger wil]l find that numbering the distributions consecutively will
save valuable core storage. At the present time, Entity 77, DBS, must
be initialized as high as or higher than the largest number assigned
to a distribution. For example, 1f the five distributions are numbered
2, 4, 6, 7, and 10, then DBS must be initialized at 10 or higher whether
or not there are distributions numbered 1, 3, 5, 7, and 9, Therefore,
to save space it is more economical to number the five distributions
1, 2, 3, 4, and 5 and initialize DBS at 5.

ok
See list of error messages in Appendix A.

]
If the probabilities do not sum to 1.000, or if the last prob-
ability does not equal 1,000, error number 8 will be printed ou;.
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Distribution probabilities represent frequencies or frequency counts
converted to percentages and, as indicated in the illustration, they
may be written as decimals to four places.

The value associated with a probability may be written as a whole
number (to the left of the decimal peint) or in decimal fractions,
Hours and minutes should be translated into hours to the nearest hun-
dreth for elapsed repair times and similar distributions. Typically,
values represent class-interval averages or selected class-interval
valueas,

The distributicns (DBEN 1, 2, and 3) used to explain random sortie-
generation inputs on Input Form 5 have been used as examples to illus-
trate Input Form 7 entried. DBN I and DBN 2 are examples of distribu-
tions described by individual probabilities that must add to 1,000,
DBN 3 illustrates a distribution using cumulative probabilities for
which the last probability must be 1.000. DBN 4 illustrates a single-
point distribution., DBN 5 shows that distributions may include a

probability for "zero"” value,

INFUT FORM 8

Input Form 8 contains maximum-personnel and conflicting-systems
conatraints, and NRTS policy descriptions. Both types of comstraints
prevent work from being done simultaneously. The NRTS policy descrip-
tion provides a means for getting wmaintenance support at another base
Or rear support area.

Maximum personnel constraints allow the user to specify the max-

imum number of personnel that can work on a single aircraft at one
time while it is undergoing a specific type of maintenance.

The aireraft type to which the maximum applies should agree with

the aircraft description given on Input Form 1. Input Illustration 15
includes three aircraft types. Many simulations would include only
one type of aircraft.

The maintenance type to which the maximum applies must be one of
the following:

BC CDTS 18
T3 CDUM DL
™ CDFC LS

FC Fs
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Input Illustration 15
(Form 8)

If any of these types of mazintenance are used more than once in a sim-
ulation for any given aircraft type, the maximum will apply to all
uses. For example, UM might be used for sortie turnmarounds and ground
aborts, or it might be used for standing failures and as part of an
inspection package. Similarly, other maintenance types also might be
used more than cnce.

Maximum pumber of personmel (PT) refers to the number of people
or teams {(crews) that may work together simultameously on a single air-
craft of the given type. When the maximum is reached, some personnel
may have to wait to begin work until others finish. Personnel can be
made to work together on the tasks defined on Input Form 6. Care must
be taken that the maximum personnel specified is equal to or greater
than the maximum number of pefgdhnelh;han_must work together to do a
task. Crew or team size distributions or inputs must agree with this
constraint. 1In other words, if resources are assigned on the basis
of average teams or crews, the maximum should be stated in team units.
Similarly, if they are assigned as individuals the maximum should be
stated in terms of individuals. Spécial inputs are not required, but
the user should be aware of how the model interprets the input so he
can correctly interpretj;zé set of resource inputs and the effect of
the comstraint upon them. For example, the maximums specified in the
illustration might be interpreted differently as follows.

The maximum of 4 for UM on the F-4C might mean 4 men of any com-
bination of shop personnel or 4 teams from different shops. The euntry

means 4 units of the persounnel resources, however assigned in the
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appropriate work-shift-quantity entries on Input Form 3, which work
on unscheduled mainterance (Input Form 6).

The maximum shown for the C-130 and F-54 aircraft should also be
interpreted in a similar manmer. The specific entries take on meaning
only when related to the inputs on Input Forms 3 and 6, which establish
which personnel (PT) types do the given type of maintenance and whether
they are worked as team-units or as individuals.,

Conflicting-systems constraints apply to aystems only and to all

aifrcraft in the simulation and at all bases.* The constraint prevents
work on affected systems from being done at the same time. The con-
straint can be used to represent safety requirements, power-on, power-
off, and similar relationships or maintenamnce practices.

These constraints may be associated with any or all maintenance

types as follows:

DC CDTs 1s
I8 CDUM DL
M CDFEC LS
FC F3

Systemg not associated with a type of maintenance identified in this
field will not be affected by these comstraints. For example, only
gystems SY1, 2, and 3 shown in Input Illustration 16 are affected
by systems constraints, Even though systems 8Y4, 5, or n may be
identified in other inputs, they would never conflict because they

are not on Form 3.

| COMLICTING STSTEM CONSTRAINTS

. MAINT. SYSTEMS PROBABILITY .

Fel Tisirialslyialo[ oo 2
1 o
Input Tllustratien 16
(Form 8).

— . .
The utility of this comstraint might be improved if it applied

to aircraft types similar to the maximum personnel routine. However,

unique choices of systems may be devised to get the same result.
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The systems columns identify pairs of aystems that conflict.
As ghown in the illustration, only SYl and 5Y2, and SY1 and SY3
conflict. The names of the systems must agree with the system names
used on Input Form 6. Any given system (SY1) may conflict with one
or more other systems (SY2 and SY3).

The probability of conflict allows ome to cause conflict émong

some portion of simultaneous system failures., Obviously, the propor-
tion may range from total conflict (1.0) for SYl and SY2, to infrequent
conflict (0.002) between some gystems (SYl and SY3). |

As soon as work starts on a system, a flag is set against all
systems shown as conflicting on Form 8. When two gystems are to
start at the same time but conflict on Form 8, work on the system
listed first on Form 6 will be started and a flag set on its conflict-
ing systems. The flags will not be released ner work started until
work on the first system is completed.

. NRTS policies used on Input Form 6 must be described on Input

Form 8.

The policy numbers must sgree with those used on Input Form 6,

and they should be consistent for each aircraft type and maintenance
combination.

The fix base means the base to which the aircraft must fly for
the appropriate maintenance support, i.e., repair, inaspection, ete.
As shown in Input Illustration 17, this may he some main operating
base (MPBl), a home base (HUMBAS), a depot, or a dummy (DUMMY) base.

NRTS POLICEES

POLCY FIX BASE ELYING TIME

34135/3a837) 381 39]40] 41 (42}43 | 4d4]4 5] 48] 4748} 45
o XS ; 3 T ¥

! I al .lolo
2IHAMBA 4 blo
3DEPAT {10 lolo]
4Dy MMY! ~7 .lojo}

Input Illustration 17
(Form 8)
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Flying time means the one-way time in hours. If some dummy
base (Policy No. 4) has been established to represent some kind of
a variable NRTS repair time, this flying time may be determined by
a draw from a distribution (DBN 7). Of course, distributions could
have been used for the other bases too.

The primary use for the NRTS routine 1is to provide for combat-
damage repairs at some place (base) other than the base from which
the aircraft was launched when it was damaged, It also may be used
to send aircraft to some rear support base for major maintenance or
inspections, or to simulate other situations invelving off-base repairs,
in which case the flying time might be interpreted to mean transport
time, haul time, etc,

Finally, it is important to recall that the NRTS routine applies
to a maintenance type (UM, FC, etc.), not to systems on any given
aircraft, and that the aircraft always returns to the base that gen-
erated the inspection or requirement. Depending upon specific simmla-

tion requirements, this result might not be a degirable attribute.
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IIL. MODEL LOGIC

SAMSOM II consists of three distinct computer programs, each
comprising many routiues.* The purpose of the ftrsﬁ two programs is
to simulate and record selected operations and logistics support activ-
ities found in typlcal Air Force alrcraft organizations. The third
program analyzes the resulting simulated events and produces output
reports, .

Although a few routines included I{n the model are simple, straight~
forward representations of Air Force policies, activicies, and events,
most are somewhat complex and involve interactions and interrelation-
ships that are difficult to summarize in an orderly manner. Onhe reason
for this difficulty is that the model simulates these events and inter-
actions at random and in time sequence while keeping track of such
things as mission priorities, maintenance activity sequences, resource
location and dispositlon, bases, and aircraft locatioms.

Even flow diagrams are inadequate devices for condensing such
multiple layers of interacting events into logical sequences of con-
ditional statements. Nevertheless, flow diagrams are useful for our
purpose: to isolate and stress the most important routines and relation-
ships from the point of view of the potential user. The following model
logic schematics, therefore, are not meant to be complete representa-
tions of every model routine and of its relationship with all others.
Rather, they should be understood as an aid to the user to help him
focus attention upou the primary routines that accept, control, and
utilize the inputs described in the previous section. Additional pro-

gram details will be found in the Progrggger's Guide.

Figure 4 grossly aggregates the large number of simulation inputs
required to set up operations schedules and requirements, allocate
persoanel and equipment over shifts and among bases, establish sortie

make-up and cancellation policies, and describe maintenance parameters.

*"Routine" should be interpreted as a general conceptual term ap-
proximately synonymous with "module,” or "set of procedures." It approx-
imates but does not mean a programming routine or subroutine that would
include a set of computer imstructions.
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This aggregation is intentional in order te focus attentlon upon the
interactions between available aircraft and sortie requirements. Be-
cause of their relationship to in-commission airecraft, the figure also
shows the origin of standing failures, one of the various sources of
maintenance demands that may be included in a simulatfoan.

The first action of the model Ls to put alrcraft in the flyable
pool. Then, depending upon the sortie and alert requirements specified
in the inputs, suitable numbers of aircraft will be prepared, i.e.,
uploaded or configured, for their respective missions. After these
actions are completed, they are put inte the appropriate pools from
which they will be launched to meet the operations requirements. Where
applicable and time permits, upload will be accomplished ahead of the
sortie requirement as specified by the lead-time inputs.

At different times during a simulation, there may not be enough
alrcraft available to meet the requirements, or weather may prohibit
launch. 1In these cases, the simulator is governed by the sortie make-
up polley in effect at the time for the given mission. As shown in
the figure, the sortie(s) will be cancelled or made up later as deter-
mined by the pollcy. If grouad abort probabilities have been included
in the simulation, launch may not be successful, in which case two
things will occur: (1) ground abort maintenance will be generated and,
(2) depending upon the make-up policy Ln effect, another alrcraft, if
available, will be substituted, or the sortie will be saved until later
or cancelled. It is obvious that make-up creates a feedback loop which,
under some circumgtances, alters sortie requirements as time goes by,
depending upon the launch capabllity of the logistic support resources
included in the simulation.

Meanwhile, alrcraft in the available pools may have experienced
standing fallures in accordance with the inputs. At periodic intervals,
the model will "throw the dice™ to determine whether each airecraft in
the different pools malfunctions., Given such failures and a maintenance
requirement, the aircraft {s transferred to maintenance for repairs.

Similar action is taken in the case of ground aborts.
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As indicated at the top of the flow ¢hart, aircraft are returﬁed
from malntenance when repalrs are completed, and are put back into the
appropriate pools, In this respect, the figure may be somewhat mis-
leading; aireraft always return to the flyable pool first., They are
withdrawn and uploaded and transferred to the alert and ready pools
as determined by operations requirements and priorities. Therefore,
the second flyable pool shown in the figure is the same as that created
when the model began simulation.

Mission results are shown on the next figure. Only failing missions
return through the make-up and save routine; successes normally generate
maintenance suppsrt requirements, which are explained in subsequent
figures,

Figure 5 bagins with the assumption of a suecessful launch and
~depicts alternative flows of aircraft and mission requirements involved
in simulations including attrition and air aborts. Although several
alternatives are included in the model, it should be understood that
every successful launch will produce a successful mission unless attri-
tion and air abort inputs have been provided. As shown in the figure,
successful missions land at a base after an appropriate period of time
has elapsed to Fepresent mission or sortie flying time.

Although many things may degrade a mission in the real world (flak
and groundfire hits, navigational errors, target misses, ete.), SAMSOM
II will accommodate only three kinds of mission events or degradations:
an aircraft may be lost for any reason or set of circumstances the user
wishes to assume; Lt may be damaged in combat by any combination of
enemy defenses; or it may abort in the air. Alr aborts, in turn, may
be interpreted as being caused by any combination of events that suits
the user's purpose.

As already indicated in the discugsion on inputs, mission successes,
air aborts, and combat-damaged and lost aircraft are treated as inde-
pendent, mutually exclusive events. Only one of the four events will
be generated for any given aircraft. If the mission consists of a
single sortie (a single aircraft), the mission is lost if the alrcraft
{s lost, damaged, or air aborted. On the other hand, if the mission

consists of a sortie element composed of two or more aircraft, the
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migsion will net be lost unless gll of the alrcraft are lost, damaged,
or alr aborted. It should be noted, however, that many missions and
schedules of sortie requirements may be provided in Lnputs as single
sorties to take advantage of the rescheduling routine, because the
model is programmed so that sortie elemeunts or mission packages with
a minimum of one and any number as a maximum are flown one at a time,
Hence, individual sortie losses will be rescheduled if desired. The
model is not programmed to accept some percentage of aircraft losses
ag a definition of a migsion loss. .

Given an unsuccessful mission, several events may be generated
by appropriate inputs. As already indicated, some missions may be
rescheduled. Aircraft also may be diverted to alternate bases and/or
replaced when lost or damaged. As shown in the figure, if a mission
is to be rescheduled, it is handled the same as all other schedule
fall-outs are handled in the make-up and save procedure already dis-
cuased.* Lf not, the mission and requirement end. Whether or not
missions are rescheduled, lost or damaged aircraft may be replaced.
Agaln, if inputs do not provide for replacement, lost aircraft simply
disappear from the simulatton** and damaged alrcraft receive the combat-
damage repair provided for in the inputs. The model does not include
provisions to replace damaged aircraft according to some rule based
upon the extent of damage. It should be noted that the model is selec~
tive; both lost and damaged aircraft may be replaced, or either category
may be replaced while the other is not. As shown in the figure, alr
aborts are not replaced.

Given that replacements are required, the model flies an atrcraft
from a designated "source base" using replacement-mission procedures.
Replacement aircraft go to the destination indicated in the inputs for
the replacement migsion. In other words, replacements will not go to
the original destination of the lost mission, unless the destination
happens to be the same as that for the replacement mission. It also

*
it is rescheduled even if the make-up routine at the time causes

missions not made to be cancelled.

Their disappearance will be reflected in outputs.
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should be moted that the sortie time provided for the replacement
mission may represent any kind of delivery-delay time desired. It may
depict immedlate replacement from another unit or theater replacement
pools, flight from the United States, or sailing or rail transport

time. 1In addition, it should be noted that the maintenance, inspection,
or other logistic support requirements associated with replacement
aircraft and missions may be designed to represent a wide variety of
events ranging from normal, routine maintenance to special inspections
and/or special asgembly requirements. In any event, all of these re-
quirements would be generated after the aircraft lands at {ts designated
base the same way other logistic support requlrements are generated and
worked off for successful missions.

Finally, the figure shows how air aborts and damaged aircraft may
be diverted to alternative bases using the diversion mission. Diverted
aireraft may receive combat-damage repairs in a simulation by associfating
the requirements with the diversion mission and alterpate base. As
will be discussed in a following section, they also may be accomplished
using other model arrangements. As indicated in the figure, combat-
damaged aircraft may be both diverted and replaced; air aborts may be
divertad but are not involved in the replacement routine, and lost air-
craft may be replaced but, obviously, are not diverted. All three events
may result in their original mission being rescheduled for a later time.

Figure 6 begina with the arrival of an aircraft at any base from
any kind of a mission. If it has been damaged in combalb, it is processed
through the appropriate maintenance routines to determine what systems
were damaged. If an aireraft has not experienced combat damage, its
flying time is checked to determine whether a periodic or hourly post-
flight inspection is due. If not, the aircraft is carried on through
the other maintenance routines explained later to determine whether
it requires other logistic subbort. Periodics are usually programmed
to occur as some multiple of hourly postflight time. In the event both
are required, only the periodic will be done. If they become due one
hour (or one sortie) apart, the model will do both one after the other

as generated.
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Although not accomplished in detail as depicted in%summary form
in the figure, combat damage, inspections, and other maintenance
requirements may be NRTS. If the particular type of maintenance
(UM, FC, CDUM, TS, etc.) has been Ldentified as NRTS in the imputs,

the aircraft will be sent to the proper base for répaira. As will be
recalled, this is the "fix base" identified in Input Form 8. When the
NRTS maintenance Ls completed, the aircraft will be returned to the
base from which it was sent, and any additional malntenance will be
completed.

The NRTS routine makes it possible to simulate alternative logistic
support arrangements for combat damage, inspections, and major mainte-
nance. Thus, inspections may be done at the home base or at some other
support location, and combat-damage maintenance may be accomplished
where Lt occurs or at some other base or support center. In fact, it
may be directed to the rear support area in two ways: by a diversion
mission or by the NRTS routine.

In all of these events, specific maintenance requirements are
determined by a series of draws, mission by mission (including PER@D,
P@STFT, ALERT, STAND, and ABJIRT), maintenance type by type (UM, FC,
etc.), system by system, and requirement by requirement (task by task).
As depicted in the figure, if the aircraft was not damaged, Lnspectious
are not due, and if other maintenance was not provided for in the inputs,
the aircraft will be transferred to the flyable .pool and be available
for operations. Similarly, if the series of random draws through the
several different fallure probabilities results in no failures (or
requirements, however identified), the aircraft will be transferred to
the flyable pool. Given one or more requirements, however, it will be
transferred to the appropriate maintenance routines explained in Figs.

7 and 8. _

Because it facilitates preparation and understanding of a single
flow schematic in Appendix C, interpretation of Fig. 7 begins at the
bottom with the notation that aircraft with standing failures and
ground abort requirements enter the flow of maintenance at the debriefing
routine. Afircraft with routine (regular sorties, inspections, and air

aborts) or combat-damage mainteuance requirements are sorted to .
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Ldentify those with inspectionsg, and aircraft without maintenance re-
quirements continue on thelr way to the flyable pool.

Aircraft requiring inspections may be handled in the model in
two ways. They may be given a general or camposite'inSpection, i1den-
tified as "IS" in the inputs. Normally, when this routine is used the
aircraft will not be routed through other maintenance activities. As
shown in the figure, when IS is completed, the aircraft goes immedi-
ately to the flyable pool. ILf the alternative routing is used, the
Inspection might begin with'trouble-shooting as deplicted in the figure.
An interpretation of trouble-shooting in this case might be that it
is equivalent to performing the "look-see' part of the inspection.
After this has been accomplished, it may be routed through the other
routines the same as for other maintenance requirements. If the proper
data have been collected, it might be expedient tc separate the look
phase of inspections from the fix phase. Thus, unscheduled malntenance
(M) for an inspection (PER@D) is the fix phase. Although the model
handles these actlvities Ln sequence, the fix phase cannot be made to
result from or depend upon the look phase. In other words, the model
does not contain a link between look and fix to represent conditional
probability relationships between inspection "look-see" and fixes that
users might wish to simulate, Of course, proportional relationships
can be simulated.

After debriefing, if provided for in the inputs, combat-damage
maintenance will be accomplished in the sequences provided for Iin the
inputs; i.e., it may be "researched"” or further identified in the
trouble-shooting routine, be fixed or repaired, and then be given a
functional check as shown in the next figure. Again, none of these
activities are linked together even though the requirements, if any,
will be accomplished in sequence. Although not indicated in the
figure, they will be clearly lLdentified fu the outputs as combat damage,
if they have been properly identified as CDTS, CDUM, and CDFC in the
inputs.

All other maintenance requirements, whether generated bylétanding
failures, ground aborts, or routine failures following successful or

air aborted sorties, will be accomplished in the order shown in the
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figures. First debriefing, if any, will be done; next, trouble-
shooting, L{f any; and on through unscheduled maintenance. This process
continues, as shown in Fig. 8, through functional check. Fuel-servicing
requirements are performed last and the alrcraft is released to the
flyable pool.

It should be understood that each of these sequences is optional
and that each may or may not involve multiple systems, tasks, and re-
sources. If any of them are not provided for in the inputs, the model
will skip on to the next type of malntenance and draw to determine
what requirements, if any, were generated for that category.

Finally, it is important to understand that for éach type of
maintenance, however generated, the resulting requirements will be
treated as critical or noncritical according to the probabilities
provided in the inputs. Rather than repeat the routine for every
maintenance activity, we have shown the action of the eriticality
routine after fuel-servicing. If the requirement is critical, It will
be done immediately. If it is nomeritical, it may et be done immedi-
ately Lf there is an outstanding priority sortie requirement that
preempts the aircraft as soon as all critical work is finished. Given
such preemptions, outstanding* noncritical requirements will become
a part of the aircraft wherever it goes. They will be worked off at
the next opportunity; i.e., when it lands at the next base or returns
to its home base.

Model routines and interrelationships shown in Figs. 4 through 8
and described in this section have beenn combined into one diagram,
"SAMSOM II Model Logic Schematic,” included in Appendix C. Although
this flow diagram does not adequately depict all of the interactions
tncluded in the model, it should help the user identify and relate most
of the major elements and assist him in the preparation of inputs and

interpretation of outputs.

*“Outstanding" refers to any maintenance identifled or in progress
at time of preemption. Other maintenance requirements that would be
identified later (FS after UM, for example) will not be carried forward.
At time of preemption, the model does not know they will occur. Proper
identification and sequencing of critlical requirements, however, will
help overcome this problem., The general rule is to let noncritical main-
tenance be unscheduled maintenance (UM) snd the lagt kind of activity
being done so that other requirements will not be lost.
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IV. OQUTPUTLS

S4MSQGM II outputs are recorded on ome or two transaction tapes.
The output program reads selected transactions on the tape and cate-~
gorizes, interprets, sums, averages, and prints the various outputs
described in this section. These transactions are preselected {they
are fixed in the current execution program). The tapes do not contain
all of the information that might be generated during a simulation,
Technically, the execution program could be revised to incorporate a
means for selecting other specific items to record on the tape for
subsequent analysis. As will be discussed later, such a procedure
should help reduce the computer time required to compile selected out-
puts. At present, however, addition of other items to the tape is a
user's option, and he must make the necessary program changes.

Any or all cutputs may be selected at gsimulation time or later.

If output is desired at simulation time, the appropriate output request
cards must be included in the running deck. Ia aé least two instances
it may be desirable to obtain output later: (1) when available com-
puter time is insufficient to both execute the simulation and provide
output at the same time, or (2) when the user is interested in review-
ing selected detail outputs only after determining their usefulness
from a review of some other selection of summary outputs. When out-
puts are generated after simulation, a separate output dack must be
used. Appendix A explains the procedure for extracting additional
gutput this way along with output deck details, In addition, specific
instructions and illustrations applicable to the RAND IEM 7040-7044
ingtallation are contained in Appendix A, which describes the model
running deck details and procedures.

SAMSOM II cutputs are recorded on eleven different reports. Eight
provide detailed and summary records of simulation results; two provide
detailed information useful for model and simulation debugging purposes;
while the remaining one contains a selected list of transaction tape
statistics. As already indicated, additional output may be obtained by

amending the execution program to write new data on the transaction
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tape or by developing additiomal output-request programs to obtain
the new data or existing data not currently produced by the cutput
program.

All outputs are obtained using appropriate output request cards
in the Ruaning Deck. These are described in subsequent sections. The
last portion of-Sec. IV describes each output report, and both output
request cards and their correspending output reports are conveniently

illustrated together on the same or facing pages in Appendix D.

GENERAL RULES AND PROCEDURES

The following genmeral rules and procedures should be observed

when preparing ocutput request caxrds:

1. All cards must contain the report number in Cols. 1
and 2.

2, To minimize computer time, all cards for the same
report should be grouped together. Groups of re-
quest cards for the same report and the same base
should be ordered so that those containing the same
start, stop, and increment times appear together.

3. Columms 66-71 identify the simulation. This must
be the gsame identification entered on Input Foxm 1.
Columns 73-80 are blank and may be used for comments,
further identification, or other remarks.

Although only three fields of informatiou (report number, gsimulation
identification, and remarks) are standard onm all output request caxds,
cards for several reports are sufficiently similar to warrant coverage
now.

1. Output request cards for Reports 1, 2, 3, &, 7, 8,

10 and 11 contain the same kind of information in
Cols. 3-23 as follows:

a. Columns 3-9 identify the time to begin reporting.
This may be any time from the beginning (day O,
hour 0, minute 0) of the simulation until it ends.
If the field is left blank, reporting begins at
time zero.
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b. Columns 10-16 establish the periodicity or interval
of time between reports. The period may be any
convenient time interval (hourly, daily, weekly,
etc,) that fits simulation objectives and the
purpose of the specific report. TIf the field ia
left blank, the specified ocutput is reported
every hour. The request cards for Reports 10
and 11 are blank in Cols. 10 to 16 since this
information is not useful for these reports.

C. Columns 17-23 identify the time when reporting
ends. 1If the field is left blank, reporting
continues to the end of the simulation, A stop
time must be entered when requesting Reports 9,
10 and 11, Obviously, any entry provided should
be greater than that used for start time. Unless
some specific stop time is desired, a blank entry
becomes a useful device for generalizing a set of

output request cards to be sure to get a complete-
set of outputs,

2. Request cards for Reports 1, 2, 3, 4, 7, 8 and 1l also
contain similar information in Cols. 24 to 29, which
identify the base of interest in the given simulation,
If the simulation involves meore than one base, the user
must either prepare another request card or, in the
case of Reports ! and 2, list the other bases in Cols.
30-65. Care should be taken to use base names listed
on Input Form 1.

3. Columm 72 on output request cards for Reports 3, 4, 7
and 8 may be used to suppress printing detailed statis-
tics called for at each reporting intexval. Am "N"  +
punched in this column suppresses details and reports
only totals or averages as appropriate., The computer
still must compile the records and do the necessary
calculations. Therefore, the device saves negligibile
computer time. The primary saving is in the pages of
gutput that are not printed.

A final general remark on output requests is that all names used
on output cards should appear exactly as they do in the inputs. Other-
wise, the computer prints out error messages or refuses to process the

outputs, as appropriate.

OUTPUT REQUEST CARD FORMATS

Each different output request card is illustrated and discussed

in the following subsections.
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Report 1 (Operations Summary)

Qutput reciue-sf card 1 ger;;ratea an (Operations Summary that pro-
vides selected operations statistics for specified bases during gselected
time periods. As shown in Output Request'Illustration 1, the report
number must be identified in Cols, 1 and 2. All other fields may vary

as shown. The first example calls.for reporting to begin at time O

START TIME REPORT EVERY STOP TIME
BASE MAME BASE MNAME BASE NAME

DAY | HR [MIN| DAY HR |MIN| DAY | HR | MIN

REPORT NUMBER

(5[0 07! T I Y 12‘2 :siwlzo 21]22[231 zalﬁggzs 29030(31[32(33[34 Jg*_saia? uﬂawo.ﬂ
0 el Biol lef bHIBY HiB2 HiB|3
3| lo) 5] ] 0] lo] 33| 0! lo]s 1]

1] 0] |e

AlT AT

._._...E
£

Cutput Request Illustration 1

and stop at day 30, hour 0, minute 0. A separate Operationsg Summary
is prepared for HBLl, HB2, and HB3. Although such a report would not
be very useful, the illustration shows that a summary would be gener=
ated every hour for the entire 30-day period. The second example shows
the proper entries to get an Operations Summary for a 30-day period
beginning on day 3, hour 0, minute 5, and ending on day 33. This would
be a very useful report because it summarizes operations on a daily
bagis. The third example depicts a generalized request that would
generate & daily Operations Summary for bases RAT and KAT from the
beginning to the end of the simulation. Of course, the simulaticn
identification would be shown in the Cols. 66-71 for each example.
Additional discussion of other variations inm the Operations Summary
Report and its coverage are discussed later in connection with report
contents,

Rﬁport_z (Base Status Report)

Qutput request card 2 generates a Base Status Report that gives
selected status conditions for different aircraft types at the spec-
ified bases during selected periods of time. Output Request Illustra-

tion 2 pfovides'two examplés of the request card for the report. The
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first shows the proper entries to get a report each day from day lq
to 50. The second would generate such a report every 12 hours from
the start of the simulation until day l0. Bases are identified in
both samples to show that the request will generate a report for each

base the user selects.

% START TIME REFCRT EVERY STOP TIME

z BASE NAME BASE MAME
:

;8_ DAY HE | MIN]} DAY HR | MIN]| DAY HR | MIN

-5

OTFI_? 3 0-4054%0?0@0? 10111 1_.2‘13 14ishei 718 I?ﬂ&lu'&lz-‘.ﬁm 271281 29f30 31 32[33 34'35
2] |0 el i ol Bl [0 OBAS_EI ASE,ZE
2] | ol _lof lol | ioliial'Tof [7o] lo] lo]als | i

Output Request Illustration 2

Report 3 (Aircraft Status Report)

Output request card 3 produces an Alrcraft Status Report that
enables the user to see the base-by-base status of all aircraft types
in the simulation. The first example in Output Request Illustration 3
shows a request for a report every 5 minutes from the start of the
‘SLmuLatLon until day 3. The entry is technically correct to demon-
strate the format, but the resulting Aircraft Status Reports for air-
craft types 1 and 3 would be very detailed and of doubtful value. The
second example demonstrates a more useful reporting interval that pro=-
vides a sﬁapshot of status every hour of the day, from day 10 to day
30.

START TIME REPORT EVERY STOP TIME

BASE NAME |AIRCRAFT TYPE | AIRCRAFT TYPE

3304 5“3&139 40141

4lc|3

paY | HR |sIN| DAY | R |miw) DAy | mm |an
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Output Request Lilustration 3
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It ghould be emphasized that in cantrast to the two preceding
reportg, each card identifies only cone base. If other bases are
included in the simulation, another card must be prepared to obtain
the desired report. Each card, however, may indicate up to six differ-
ent aircraft types operating from any given base. If more than six
types are assigned to a base, ancother card musgt be prepared to get a
report for the additional aircraft. As a practical matter, one card
will probably be sufficient because simulations including as many as
8ix aircraft and their associated maintenance parameters would likely
exceed the 32K memory available on current computers which will accept
the maodel.

Because this report provides snapshots of status at the user's
discretion, it may produce a cousiderable volume of paper output. For
example, if a report is requested every 5 or 15 minutes aa shown in
the first and last examples, the output program will produce twelve
or four lines of output for every hour of simulated time included in

the output period, If the period is short this might not be objection-
able, but if it is for 90 days, as in the last example, there would be
much paper od;pﬁﬁ. ?df_thia.éhd otﬁe;.réééons, the program incorporates
the use of the previously discugssed '"N' option (Col. 72) which sup-

presses printing and provides only the final ser of averages.

Report 4 (Sortie History Report)

Qutput request card 4 produces a Sortie History Report enabling
the user to get a periodic base-by-base tabulation of all sorties that
take off and land for each mission in the simulation. Like the previous
.report, the user ﬁéy éisa priﬁt oﬁly totals (N in Coi;-fZ) if he is
not interested in a complete tabulatiom. In coutrast to the format
for the Aircraft Status Report, the output request card for this report
identifies missions in Cols. 30-65. Again, each card may contain up
to six missions for each base. If more than six missions are flown
from one base, another card must be prepared to get the appropriate
report. A card must be made for each base, or for the baszes the user

selecta.
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Output Request Illustration 4 should be interpreted the same as
the previous illustrations., Hourly and daily records of sorties
launched and flown are the most useful reporting intervals. The other

entries are self-explanatory.

% START TIME AEPORT EVERY STOP TIME

=2

: BASE NAME | MISSION NAME | MISSION NAME

g DAY | HR |MIN] DAY | HR |MIN| DAY | HR [MIN b
Honozlpzigaloskeloriosloslioliiizlialiadislis]i 7ial15 m@_&‘g 25 261271 28] 2oba0] 11 3;13_33435.36[3?|33394041
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Output Request Illustration 4

Report 5_(ﬁerbéi History“Dump)

Qutput request card 5 produces a Verbal History Dump that priants
out in words the events that have occurred during the simulation. It
should be noted‘that this report is intended for debugging'and traciag
purposes. It results in a veluminous amount of output if not used
with discretion. Although start and stop times are the same as for
other request cards, the field labeled Transactions Number (Qutput
Illustration 3) has a special meaning. It provides a means of select-
ing the transaction* on the simulation transactiouns tapes to be printed.
If this field is left blank, as shown in the first example in Output
Request Illustration 5, all tramsactions for the specified interval of
time will be printed.

The possible entries, labeled 4, B and C, may be used as follows:

a. If transaction numbers are entered in A and C, all

transactions with numbers A up to and including C will be
printed.

b. If a trapmsaction number 1is entered in B, only the
individual transaction numbers entered in A, B and C
will be printed.

A transaction is an event or series of events that occur during
the simulation. They are numbered 1 through 78. For example, the
number 54 identifies when an aircraft is removed from the fliyable pool.
A list of transaction numbers and relevant explanations will be found
in Appendix F and in the Programmer's Guide.
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The first example shows that for the 10-day pexicd all transaction
numbers will be printed. The second example shows that for the 22-houx
period, all records from 4 up to and including 7 will be printed. The
lqst example shows that only transaction numbers 21, 39, and 50 for 5
hours on day 10 (from day 10, hour 0, and minute O up to day 10, hour
5, minute 0} will be printed.

g START TIME TRANSACTION STOP TIME
3 MUMBER

& :
§ paY | e [MN| & o | c | Dax [ MmN
] i
01162303 |c4l05)0sl07calost o] {1 2halia]is 11 71g19]20121 [22(70 ]
{10 |0 (el |9 |e
51 |75) 4] 9] | 4 1! 5lai3] o
5 |/i9f o ol &ll|3gsle] (110 151 lo

Qutput Request Illustration 5

Report & (Tape Dump Report)

Output request card_é generates a Tape Dump Report that dumps
selected items from the tramsactions tape, Like the Verbal History
Report, this report has been designed fox event-tracing and debugging
purposes. The Transaction Number field allows the user to select the
transactions from the tape to be printed for review. If this field
is left blank, all transactioms will be printed.

The different entries on Qutput Request Illustration 6, A, B
and C, may be used as follows:

a, If transaction numbers are entered in A and C, all

transactions with numbers A4 up to and including C . o
will be printed.

b. If a number is placed in B, only the individual
transaction numbers entered in A, B and C will be
printed.
As already indicated, tape format and the transaction list are explained

in Appendix F and in the Programmer's Guide. The first example shows

that from day 0, hour O, minute 3 until day 5, hour 0, minute 0{ only
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transactions 1 and 2 will be printed. The second example illustrates
that transactiomns 13, 18, and 23 will be printed. The last example
shows that all transactions from 60 through 64 will be printed for one
day of the simulation.

START TIME TRANSACTION STOP TIME
NUMBER

DAY | R |MIN A ] < DAY HR PMIN

]
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Cutput Request Illustration 6
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Report 7 (Resource Report)

[

Qutput request card 7 produces a Resource Report that shows the
availability and working status, and the associated base-by-base aver-
ages for all or selected simulation resources. Although Output Request
Illustration 7 shows only one resouxce field, three different rescurces
may be identified inm each card if they are assigned to the same base.
If several different bases are represented, a request card must be
prepared for each base the user selects.

As indicated in the field headings, resources must be identified
by both kind and type (or number). The kind of rescurce refers to PT
(personnel), ET {equipment or facility), PA (parts), and TD (time
delays). Resource type refers to the identification numbers used for
the different specialties or kinds of equipment included in the simu-
lation. As the {llustration shows, numeric entries describing the
resource type must be right.adjusted irm the field.* In order to avoid
possible confusion and mistakes, unused columns have been blanked out

on the form.

*
Reorganizing this request format to allow for more than three
resources per card seems apparent. Users are cautioned, however, that
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Cutput Request Illustratiom 7

Qutput Request Illustration 7 contains sample entries. Similar exam-
ples for all entries through Col. 29 have been explained previoﬁsly.
The examples show reporting intervals for five minutes, one hour, and
four hours. They also identify all three kinds of resources, and the
second and third examples illustrate entries that distinguish between
PT1 and PT16. Although not shown, TDs also may be requested.

An N punched in Col. 72 on this card suppresses printing and
provides averages. As will be explained later in the discussion on
Teport contents, some fnformation the Resource Report provides may

also be produced in a different format on Report 9.

"Report 8 (Maintenance Report)

0ﬁ£§ut req;ggf-Eéfd 3 prodﬁces a Haintenénce Report that shows
the alrcraft status and associated averages for all or selected types
of maintenance activities. As shown in Output Request Illustration 8,
this form calls for multiple entries. The user identifies the base,
mission names, system and maintenance types on Input Form 6, which.
facilitates completion of this output request card and reduces the
possibllity of error. The only entry on the card that does not appear

on Input Form 6 is the aireraft type, which is oa Input Form 1.

the output program accepts this general format, and it would have to
be changed to realize the gain. Although possible, it is not obvious
that the gain would be worth the effort.
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Cutput Request Illustration 8

The entries om Output Request Illustration & have been taken
from Input Illustration 6. The same base and aircraft type appear

on each card, Omn the first three cards the mission is the same.

In the first instance, the request is for ALL systems associated with

Launch Service (L5). (ALL is entered if the user wishes to asso-
ciate the maintenance done on all systesm with any maintenance done
cn the given aircraft type at the given base.) The second and
thirxd cards request data on two systems (SY1 and SYN) asscciated
with the same type of maintenance (IM). The last card calls for

a different mission (STAND) and all systems associated with func-
tional checks (FC). 1In general, each time one or more entries
change; a new card is completed. The number of cards depends u;')on
the complexity of Input Form 6 entries. If only the final averages

are desired, enter an N in Col. 72.

-Re_port 9 (The Matrix Summariés)

Qutput request card 9 generates a Matrix Summary that shows the
number of units of specified output (explained later) associated with
the different hours in the day. A Matrix Summary may be generated
for sixteen different.kinds of output. They are coded in Cols. 32-37

in the following way:
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Qutput Code Description -- Number of
1. WéRK Resources at work
{' 2. D/NA Resources demanded but not available
3. 1IDLE Resources idle
4. LAUNCH Aircraft launched
5. LANDED Alrcraft landed
6. LPST Aircraft lost
7. C@MBAT Aircraft suffering combat damage
8. AB¢RT Alrcraft suffering air abort

9, @PERAT Operational (normal) deficits (sortie
schedule fall-out)
10. WEATHR Weather deficits (weather fall-out)

11. T@TAL Deficits, both operational and weather
12. FLYABL Alrcraft in the flyable status

13. ALERT Aircraft in the alert status

14,  READY Aircraft in the ready status

15. MAINT Alreraft in maintenance

16, AIR Alrcraft airborne

Associated with each of these sixteen output codes are various
outpuﬁ specifications such as aircraft types, missiom names, resource
names, resource types, and statistics, such as minimum, maximum,
average and totals. The user must be careful to associate the desired
output specifications with the correct output codes and statistics.
Figure 9 shows the proper relationships. When using output codes WORK,
D/NA or IDLE (output request card 9, Cols. 32-37) a resource name must
appear in Cols, 16-21, and the resource type must appear in Cels. 22-
27. ALL might be desirable if one wanted a record of composite man-
power, i.e., over all persommel types. If ALL is entered in Cols. 16-
21 for any of these three output codes, then the resource name (PT,

ET, PA, or TD) must also be entergd in Cols. 22-27.

When using output codes LAUNCH, LANDED, L@ST, CPMBAT, AB@RT,

. @PERAT, WEATHR or T@FAL (output request card %, Cols. 32-37}, a mission
name identified in the simulation must appear in Cols. 16-21. ALL may
be used in Cols. 16-21 to sum over all missions in the simulatiom.

When using output codes FLYABL, ALERT, READY, MAINT, or AIR (Output
Request Farm‘Q, Cols. 32-37) an aircraft identified in the simulation
must appear in Cols. 16-21. ALL may be used in Cols. 16-21 to sum

over all aircraft types in the simulation.
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Qutput Specification Statistics
Aireraft :

Qutput Codes Type Mission |Resources { MIN | MAX | AVG | TQT
1. WPRK X X X X
2. D/NA ' X X | X ] x
3. IDLE X X X X

4. LAUNCH X X

5. LANDED X X

6. L@ST X X

7. COMBAT X X

8. AB@RT X _ X
9. @PERAT X X X X
10. WEATHR X X X X
1l. T@TAL X X | X | X
12, FLYABL X X X X
13. ALERT X X X X
14, READY X X X X
15. MAINT X X X X
16. AIR X X X X

Fig. 9 -- Matrix summary codes, specifications,

and statistics

Figure 9 also shows that four types of statistics may be specified
on output request card 9. For eleven of the output codes, three
statistics Mlﬁ* (minimum) , MAX (maximum), and AVG (average) may be
requested, These refer to the number of occurrences, events or status
conditions that the output specifications identify for some period of
time. For the remaining five output codes (LAUNCH, LANDED, L@ST,
COMBAT, ABPRT), only one statistic TPT (total) may be requested. T@T
refers to the total number of output specifications that occurred during
the specified periced.

Qutput Request. [llustratiom 9 shows geveral examples of requests
for different matrix outputs. The first card provides a LAUNCH matrix
for mission MISS1 at. base HBl. The second card specifies an output

code WORK for PT1 at HB1l, and in this case we request the average.

This is the only exception to the abbreviation for minimum as
I'MN" shown in Appendix B.
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Qutput Request Illustration 9

Either mipnimum, maximum or average might have been used. The third
card request2 a Matrix Summary of the minimum number of aircraft
(F-4C) flyable (FLYABL) at HBL. The fourth example calls for the
maximum number of all aircraft in the air (AIR) at HB2. The fifth
card provides a matrix of the average number of all personnel re-
sources idle (IDLE} at HB2. Note that the card calls for ALL in the
output specifications and identifies resourcée type PT. When using
ALL as the output specification with output codes W@RK, D/NA and/or
IDLE, the resource name (PT, ET, PA) must be entered in the field
1abeled_3gsdu:ce~Type. When requesting ALL as the output specifica-
tion with any of the other 13 output codes, no entry ian Cols. 22-27
is egsential; however, these columns may be used for comments to
clarify whether the ALL is referring to aircraft type(s) or mission
name(s) .

In general, the user can avoid errors in completing output
request card 9 for the Matrix Summary by referring to Fig. 9 and
checking which output specifications and which statistics must be

asgociated with the chosen outpur codes.
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Report 10 (Transactiom Summary)

Request card 10 produces a Transactions Summary of selected
records on the transactions tape. It provides a count of the different
records and gives their relative percentage of the total records gener-
ated during the period of interest. The only entries required on thisg
card are start time and stop time. Output Request Illustration 10
shows two requests. The first would generate a Summary for a 98-day
period; the second would begin at day 10 and continue until day 40,
thereby providing a summary of records for a 30-day period. The
resulting output may be easily interpreted using the List of Transac-
ticns Records found in Appendix F, which describes the simulation events

associated with each transaction record number identified in the model.

S| stanr v STOP TIME
2
=
S DAY | mm (MIN DAY | &R |MIN
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Qutput Request Illustration 10

Report 11 (Distribution Report)

Qutput request card 11 generates the Distribution Report that
provides turnaround, repair and queue-time distributions for selected
bases and missions over selected periods of time. As shown In Qutput
Request Illustration 11, the report number must be entered in Cols. 1
and 2. The time to begin reporting is entered in Cols. 3-9, and the
time to stop reporting is entered in Cols. 17-23. There is no way
to speclfy a reporting interval, since such an interval 1s meaningless
for this report. Likewise, a stop time must be entered in Cols. 17-23.

This entry may be the last day of the simulation or some day prior to
the end, but must not be blank.
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Output Request Illustration 11

The first example shows that both Launch Service and Non~-Launch
‘Service (blank in Cols. 36-47) distributions for BSl, MS1l will be
 printed beginning on day 3 and ending on day 30. The second illustra-
tion will print Non-Launch Service distributions only for all basges
and missions in the simulation from day O to day 10. The third fllus-
tration begins on day 1, hour 5, and ends on day 5, hour 5, printing
Launch Service distributions only for all missions at BSl. ALL means
all bases and/or missions in the given simulation aggregatéd together,

not all bases or missions reported separately.

OUTPUT REPORT CONTENTS

The following subsectioﬁs deseribe and explaln each of the eleven

output reports.

Operationsg Summary Report

Output Report 1 is am Operations Summary. Varlfatiouns In report
contents are illustrated in Fig. 10, Operations Summary lllustrations.
Ag the different headings indicate, this report provides selected
cperations statistics for the simulation identified on the report. It
also provides such statistics for selected periods during the simula-
tion and for the different bases Ln the simulation. Although the
current program distinguishes between bases, it does not cpusolidate
agperations over all bases, Neither does it distinguish béﬁween differ-

ent alreraft or missions. The program will be amended to provide for
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a selection of all bases and all missions. Aircraft type identifica-
tion would then be accomplished through mission identifications.
Recall that missions are uniquely identified with aircraft types on
Input Form 2. Appropriate summing over the different missions provides
the operations statistics for any given alrcraft,

The period covered may be any useful period of simulated time.
For example, it might be for the duration of the simulation as depicted
in the period shown in Fig. 10 for bases MOBXYZ aund FOBLLl. The period
covered in this case is from the first day 000, hour 00, and minute 00,
to day 999, hour 23, minute 60. Actually, this report does not show
when the simulation ends, but it may be assumed that day 999 is the
end Ln this case.

The gecond Lllustration in Fig., 10 shows that dally periods may
also be defined; Base 1 is the only base in the simulation, and we
are interested in operations data for every day beginning on day 3.
The day might have been defined to include some other 24-hour period,
such as day 4, hour 4, minute 13, to day 5, hour 4, minute 13,

Similarly, Lf the user wants operations statistics on a weekly or
biweekly basis, he selects appropriate period beginnings and endings.
The third case illustrates a week beginning on day 15 at 0800 hours
and ending seven days later. The second week begins and ends at the
same time of day. Such weekly summaries could be continued as long
a3 desired.

The last case in Fig. 10 depicts a report covering operations for
a 40-day period, beginning on the fifth day of operation. It may be
assumed that the last 40 days represent steady-state operaticns and
that the first 5 days do not generate useful informatioa. (It should
be understood that all i{llustrations are descriptive ouly. How much
simulation time would be required to reach a steady state depends upon
many considerations, and would differ for different simulations.)

A separate Operations Summary is produced for each period indica-
ted on the output request cards submitted for this report. For example,
Lf the user requests a summary once a day for 10 days (beginning at day

000, hour 00, minute 00, and ending at day 0L0, hour 00, minute 00),
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the putput program will produce tea reports, one for each day. In
addition, it will produce a separate summary covering the 10-day period
as a whole.

The Operations Summary provides nine different sets of statistics
concerning sorties scheduled or required, made or cancelled during the
simulation. It provides both totals and, where relevant, percentages.
The source of the statistics, their meaning, and interpretations of
each set of Operations Summary outputs follow.

1. Total sorties scheduled or required includes both minimum and

maximum totals. The minimum refers to the minimum number scheduled
during the given period. It is the sum of all sorties scheduled in

the Minimum Sortie-Element entries recorded on Input Form 5. Similarly,
the maximum total scheduled is the sum of the number scheduled in the
Maximym Sortie-Element entries on the same input form.

Both '"scheduled" and "mc;uzi.re:.l;I are used to describe these totals
in prder to avoid the term "schedule," which could be interpreted as
some sort of predetermined, cyclical repetition of some number of sor-
ties. Since the totals will include sorties generated on a randem
basis to represent random requiremeats, they could include sortie re-
quirements that were not scheduled on a cyclical basis. Of course,
when sortie schedule inputs are in a form where minimum and maximum
are equal (Base 1 in the second illustration), the two entries will
be equal and the minimm total will be redundant. Finally, the totals
reported for any pericd pertain only to the period idencified. Sched-
ules and requirements for preceding or following periods are not includ-
ed in the totals for the given period.

2. BSoxrtieg scheduled and made reports both total and percentage

data. The total is self-explanatory, referring to the sorties scheduled
that were also made on time, i.e., exactly as scheduled. It is derived
from transaction 39, Sortie Launched. Depending upon sortie make-up
pelicies included in the simulariom, the total should be equal to or
less than the total takeoffs reported in the Sortie Hisﬁory Report
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discussed later. If no sorties are saved and made up later, and if

the simulation does ﬁot include rescheduled misgsions, the two records
should be equal. If save and make-up is allowed, or rescheduled mis-
siong are flown during the period, the total takeoffs reported in the
Sortie History Report may be greater. It should be noted rhat a sortie
may be scheduled in one period and made on schedule during another
period. It is therefore possible that for a given period the sorties
Scheduled and made entry is greater than the total sorties scheduled

or required entry.
The percentages shown in all illustrations in Fig. 10 are calcu=

lated on the basis of the maximum total sorties discussed immediately
above. When sorties are generated on a single basis {one sortie at a
time at a specified time) or when minimum and maximum are equal for
sortie-element mission packages, the percentages shown on the: report
may be interpreted in a normal, straightforward mananer. When minimums
and maximums are not equal in the inputs, however, the percentages
should be given special consideration. For example, if the user is
interpreting the percentage of a maximum-effort simulation in which
the sortie schedule was "launch as many as possible” (Base TAR in the
third illustration on Fig. 10), he should be aware that the percentage
made would be a function of the specific, aand probably "large," aumber
of sorties entered for the maximum on Input Form 5. Therefore, depend-
ing upon the maximum used, the percentage may or may not be realistic.

3. Borties scheduled, not made, and cancelled provides a record

of sorties that were not made on time and were cancelled during the
period, whether or not scheduled for the period. Recall that this
occurs when make-up policy codes 1 and 4 are used. The percentage is
computed on the same basis as previously discussed. The total shown is
obtained from transaction 27, Sortie Cancelled.

4. Sorties scheduled, not made and saved includes all sorties not
made on time but saved for make-up later. They result from make-up

codes 2, 3, and 5. Sorties associated with codes 2 and 5, and which
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only are saved, may or may not be made up during the period covered,
depending upon the make-up codes in effect during that time. The total
the report provides is computed from data gleaned from transactions 24
and 26, Sortie Put in Deficit List and Sortie Put in Weather Deficit
List, respectively.

5. Borties saved and made up later includes those sorties saved

during the period which are also made up during the period, as well as
sorties brought forward from previous periods under make-up codes 2,
3, and 5 and which are made up during the period. The total reported
is computed on the basis of fafommation gleaned from transaction 39,

Sortie Launched.

6. Sorties saved, not made up later and cancelled includes all

gorties saved that are uot made up later during the period and that

are cancelled before the period ends by make-up codes 4, 5 or 6.'_
Sorties saved may have been brought forward from some previous period.
If so, and they get cancelled during the report period, they are Lncliud-
ed in the total. Obviously, under these circumstances, the percentage
takes on special meaning because it still will be computed on the maxi-

mum total sorties scheduled during the period. For this reason, it

may er may not be a meamingful statistic. The total reported under
this category is derived from information on transaction records 27 and
28, Sortie Cancelled and Sortie Cancelled Because of New Make-up Policey,

respectively.

7. Total sorties made is the sum of sorties scheduled and made

]

_ and sorties saved and made up later. Except for replacement and re-
schediled sorties explained in the following paragrapﬁs, this total
should equal the total takeoffs reported in the Sortie History Report.
The percentage is measured against the maximum number scheduled or
required and should be interpreted accordingly.

8. Total replacemept sorties reports all sorties generated in a
simulation that includes attrition and airecraft replacement policies.
The total is the sum of transaction 7, Replacement Sortie. Recall that
replacement sorties may be generated when aircraft are combat damaged

or lost on missions. Since replacements may be flown in from a dummy
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base or aircraft pool, the user should call for a report on that base.
In the last illustraticn in Fig. 10, base RAT serves as a replacement
base and thus geuerates three replacement sorties. We do not know
where they went, perhaps to base KAT. In any event, the total shown
for the base should equal the total number of takeoffs reported in the
Sortie History Report for replacement missions.

9. Total rescheduled sorties refers to sorties rescheduled as a

result of air aborts and lost or combat-damaged aircraft. Bases 1 and
XAT in the illustrations reflect such statistics. Although rescheduled
sorties are reflected in the total takeoffs reported in the Sortie
History Report, this {s the only separate record of them currently
avallable in outputs. The total reported is the sum of transaction 8,
Sortie Rescheduled After Mission Failure.

Finally, the output program provides a record of the computer time
taken to generate the Operations Summary.* The recerd includes the time
taken to generate all of the different summaries for all of the periods
requested. If a user 1s specifiecally interested in the time required
to generate some part of the total summary, he should submit a separate
request for only the part of interest. If Output Request Forms 1l and
2 are processed consecutively (Output Request Form 2 cards immediately
follow Output Request Form 1 cards), then the time report includes the
time consumed whlle processing both reports If the user desires a
separate tlme record for each report, Output Request Forms 1 and 2
should not be processed consecutively. That is tc say, another Output
Request Form should be inserted between Output Request Forms I and 2.
However, it is more economical in computer time to process the two forms

consecutively.

Base Status Report

The Base Status Report (Output Report 2) summarizes status condi-

tions for all aircraft at all or selected bases for selected perlods

de
As 1s the case with all machine time outputs, this output 13
available at RAND but may not be available at other installationms
or on future RAND computer systems,
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of time. The user selects the bases and periods to fit his output
needs. Figure 11 is an illustration of this report. The examples
and numbers were contrived to illustrate different points.

The user is warned that at the present time (July 1967) the
Bage Status Report is not operating properly. The maintenance statuses
dedcribed below may give incorrect results. The means of the mainte-
nance statuses are correct, but the other statistics break down under
some circumstances. Breakdown occurs when an aircraft enters and leaves
a status several times within the same minute of simulated time. Work
is currently underway to remedy the situation.

As indicated in the preceding discussion about the output request
card for this report, periods may begin and end at any time, and the
report for any given simulation may include several periods of interest.
Typically, one would be interested in a daily report after the simula-
tion had reached the steady state. This is {llustrated by the record
for base RAT which shows a period of 30 days beginning at day 3, hour
0, minute 0, and ending at day 33, hour O, minute {.

Although the current program distinguisheslbetween bases, it
aggregates over all aircraft types at a base. Consequently, in simu-
lations {including more than one aircraft type at a base, the report
should be interpreted appropriately. The report provides six diiferent
kinds of statistics for 8 different aircraft status conditions. The
first six are mutually exclusive; the last two, AOCP and NORM, are
related and will be explained. The source of all statistics and inter-
pretations of their meanings follow.

1. Flyable aircraft are those available in the flyable pool.

They may be flown from this pool or uploaded and transferred to the
ready or alert pools for operations. Appendix E and the Programmer's
Guide contain a complete list of transaction numbexrs and appropriate
explanations. 1In addition, Appendix D contains an example of each
Qutput Report showing the specific tramsaction numbers from which all

statistics, totals and averages are derived.
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2. Ready aircraft are those uploaded and carried in the ready

pool to accomplish missions flown from this pool. Normally, they will
receive some kind of Launch-Service maintenance, i.e., be uploaded to
fit different mission configurations.

3. Ground alert aircraft are kept on alert and flown from the
alert pool. They may or may not be uploaded, depending upon the
specific requirements being simulated.

4. Airborne aircraft are in the air carrying out all missions
in the simulation. They may have been flown from any of the three
pools. They may be aloft on loiter missions, on airborne alert, or
on any leg of any kind of mission established in the simmlatiom. Since
the report does not distinguish between missions, the statistics for
this status will cover all missions flown by all aircraft on the given
base.

5. Awaiting Maintenance includes all aircraft in need of and

awaiting maintenance of any kind (inspections, unscheduled maintenance,
launch service, etc.). An aircraft undergoing maintenance will not be
counted in these statistics, even though one system may be awaitiag
repairs while another is being worked on. The rule is: given any
maintenance work in progress, no amount of other work waiting for
equipment or rescurces will change the status to awaiting maintenance.
For this reason, the statistics for this status normally do not reflect
all queue situations,

6. In Maintenance includes all aircraft undergoeing any kind of
maintenance. It is a general term and includes all "maintenance types™
and activities gs defined in the section on inputs. The current program
for compiling this statistic does not distinguish between the different
maintenance types or activity suchras inspections, repairs and functional
checks, etc. It should be noted, however, that reports 8 and 1l provide
detailed information by maintenance activity in slightly different for-

mat.
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7. Iotal AOCP {Aircraft Qut of Commission for Parts) refers to
the total time aircraft repairs or other maintenance requirements are
delayed for lack of parts (PA) in the simulation. It also includes
time delays (TD). In SAMSOM, AOCP may include NORS (Not Operationally
Ready for Supply reasons) and any other supply delays including on-
base delivery times, etc. Obviously, users should be careful to inter-
pret any statistica associated with the AQGP status condition according
to the particular meaning given '"parts" and other simulation inputs,
For example, if one uses parts to represent communication delays, travel
time, etc., he should interpret the statistics accordingly. In coatrast
to the distinction between awaiting and in maintenance discussed above,
the AOCP status condition may run concurrent with other}maintenance.

8. ITotal NORM (aircraft Not Operationally Ready or out of commis-~
sion for Maintenance} accounts for all aircraft down for maintenance,
and includes those in and awaiting maintenance. - In fact, NORM is the
sum of the two statistics,

Iaterpreting the different statistics assoclated with these status
conditions is facilitated if we distinguish between the first four and
the last two categories. Mean, sigma,** minimym and maximum refer to
the number of gircraft carried in the given status. Average duration
and frequency refer to the length of time and number of times all of
the different aircraft (counted one by one) are carried in the given
status. For maintenance categories, it is important to understand
that frequency has a special meaning that will be explained in the

discussion of the term.

e ——————

*
Actually, different kinds of supply delays may be identified with
different parameters in the simulation inputs.

see
At present, sigma is undefined. It will be defined in the
context of report revisioms.
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Mean refers to the arithmetic mean or average number of alreraft

per hour found in the given status. It is computed from the information
included in the transactions as follows: M = T/L, where T equals total
aircraft hours in the status for the period, and L {8 the number of
hours in the period. Total aircraft hours is the same as total duration,
explained in a following paragraph.

Sigma is the standardidéviation of all observationa ildentified with
reference to the mean. It should be accorded the regular meaning of
the square root of the sum of the squares of the deviations from the
mean divided by the number of observations.

Minimuym refers to the minimum number of aircraft found in the given
status during the period of interest provided the aircraft were in the
status for more than one minute.

Maximum refers to the maximum number of aircraft found in the given
status during the period, provided the aircraft were in the status for
more than one minute. _

Taken altogether, these four statistics help the user eatablish
the average, range, and variation in the number of aireraft found in
the different status conditions for selected periods (days, weeks,
months, etc.) or for the entire simulation. For example, the illustra-
tiona for the 12 ailrecraft in Fig. 1l show a mean of 2.22 aircraft were
kept in a flyable status during the 30-day period. Similarly, 2.91 were
ready, and 1.1l were in the air. None were found waiting for maintenance,
but an average of 5.76 aircraft were in maintenance all of the time.

Although the Base Status Report does not reflect percentages, these
averages could be interpreted as follows. During the 30-day period,
the organization kept 6.24 or 52 percent of its 12 aircraft in commis-
sion. The other 5.76 or 48 percent were down for some kind of mainte-
nance. Variations in these data ranged ffom a minimum of zero in all
status conditions at some time or another to maximums of lI or 12 air-
craft in some status. Items reflecting a minus zero should be treated

as zero.,
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Average duration and frequency are more easily explained if total
duration* is clearly understood. The total duration of any status
condition for an aircraft is the total time it was in the given status
during the reporting period. Since the aircraft may change status
several times during the period, frequency refers to the total times
it entered and left the status. The average duration is the total
duration divided by the frequency. Unfortumately, all status conditions
in the model may involve fleeting, transitory "statuses" created as
the model proceeds with the simulation. Two examples of such simulation

.artifacts are described.

First, all aircraft coming out of the last™™ maintenance require-
ment are put Into the flyable pool. If there are no ready or alert
requirements, they remain in the pool until flowniﬁfffemqved for
some other reason. If an unfilled alert or ready requirement is out~
standing, however, they go immediately to the proper status (proper
launch service or direct to the ready or alert pool)}. Even though
immediately is a very short period of time in these cases, the aircraft
pass through and are recorded as belng in the flyable status.

Second, an aircraft is transferred to maintenance when its first
maintenance requirement is;identifigd,\ It remains "in need of mainte-
nance” until the last job or requirement is completed, During this
period, however, it may have gone into awaiting maintenmance several
times as different resources work on it. In other words, when one
regsource finishes and another begins, the aircraft waits for a fleeting
moment during the change from in maintenance back to in need of mainte-
nance, and back to in maintenance. Of course, all such small increments

of status time add little to the total duration. They could be ignored

*Tbtal duration Ls not included in the report. Since it must be
computed to determine this average and the mean previously discussed,
it may be added if desired. In any event, it may be computed by
aultiplying the frequency times the average duration.

e

The last maintenance may be any of the different maintenaunce
types; it is determined by the different maintenance activities {denti-
fied in the inputs for the given migsion.
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except that they also Lucrease the frequency count. Since they really
are only simulation devices, the output program has been designed to

exclude all transitory status conditions that last one minute or less

in duration.

Although total duratiom Ls not affected, another set of circumstances
also introduces potential error into the calculation of the avefége be-
cause of frequency. This dccurs when a string of maintenance activities
such as debriefing, troubleshooting, unscheduled maintenance, etc. Ls
called for and accomplished., As each subsequent maintenance routine
is activated, the frequency would imcrease Lf the output program did
not éompensate for the change. Again;_it‘refuses to recognize any
change involving one minute or less, and the error is avoided.

Becaugse numerous short periods may be selected, it also should
be understood that the output program is designed to accept status
conditions that are broken up by the choice of reporting perifods. For
example, Lf an aircraft is in flyable status when the period ends,
the time will be included in the period and it will be counted in the
frequeney for computing the average. Similarly, it will be counted

in the flyable status ip the next reporting period and the time in the

status during the period will be included in its total. Again, if
either of these times lasts a minute or less, they will not be counted
in the total duration or frequency.

Finally, launch-service requirements and standing failures also
affect the frequency count. In both cases they are included in the
total. Thus, correct interpretation of the average duration requires
an understanding of what is included in the statistic. Even though
the output program, in effect, adds end to end all maintenance normally
included in turnaround concepts, Lt does not exclude from the frequency
count those instances when launch-service comes after some period of
flyable status (in excess of one minute) or when the alreraft exper-
iences a standing failure. If the simulation Includes the possibility
of such events, average maintenance turnaround i{s underestimated because
it includes relatively short launch~service activities (and perhaps

standing failure repairs) that really are not part of a turnaround as
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normally understood and carried out in the simulation. Report 11
provides additional information in greater detail which may take
such considerations into account.

Given the above understandings of average calculations and fre-
quency, the two terms may be defined.

Average Duration 15 the total amount of aircraft time (total dura-
tion) divided by the frequency. It is the average time an airecraft
remains in the given status. In terms of the airborne status, Lt
should reflect the average sortie length. In the Fig. 1l sample, this
is 0.97. The fraction of an hour could occur for two reasous. It
might be the actual average sortie time resulting from draws from a
distribution of sortie times; or it might be the result of some sorties
being cut into two parts by a particular cholce of reporting perioda.

Unfortunately, without knowing more about the exact kinds of
maintenance activities and clrcumstances included in a simelation, we
are unable to say whether or not the average duration of NORM shown
in any given set of outputs is the average turnaround time. Of course,
the user may examine the inputs {n sufficlent detail for proper inter-
pretation, or design lnputs to generate an average turnaround time that
would agree with his meaning.

Frequency refers to the number of timea all aircraft at the base
left the given status, provided they were in it for more than a minute.
As already discussed, this count may be straightforward and easily inter-
Preted or it may have to be properly interpreted to fit the simulation.
In the frequency count for the airbornme status, it is a count of the
times aircraft took off and remained aloft for more than one minute.

In all other cases, it invoives consideration of maintenance activity,
launch-service requirements, standing fallures, aborts, and other events
causing status changes that might last for more than one minute.

The source of all frequency counts is as follows:
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Status Transaction Numbers

Flyable 3, 13, L6-18, 35, 44

Ready L4, 17, 19, 29, 30, 34, 40, 44, 45, 61

Ground Alert 19, 31, 37, 60, 68

Airborne 2, 5, 40

&valting Maintenance 2, 11, L2, 18, 18, 20, 29-32, 35, 45,
46, 50, 52, 56, 62-64, 68

In Maintenance 50, 52, 56

Total AQCP 56, 52, 58, 57

Total NORM 2, 11, 12, 16, 18, 20, 29-32, 35, 45,
46, 62-64, 68

Finally, it should be noted that the report includes a record of
computer time required to produce the total set of reports for all
periods in the report. Such information will be useful for estimating

computer time requlred to obtain these statistics for different gimu-~-

lations.

Aircraft Status Report

Qutput Report 3 Ls an Alrcraft Status Report that provides a
periodic snapahot* of the selected status of all alrcraft in the
simulation at each of the different bases. It also provides an aver-
age for each status cendition for the period of interest. Figure 12
ig a single-page sample of such a report. It shows data for the last
two days in a simulation, identifies report headings, and includes
averages for the perilod the report covers. Although this sample does
not show when the period began, the first entry on the first page of
a complete report of several pages would reveal thig information.

It s important to understand that reports may include data for
selected perfods. For example, z report might show a set of status
snapshots and their averages for the first 10 days of a simulation;

another set might be for some other period, and a third type or set

= .

ALl snapshot reports allow the user to specify the time of the
count (on the hour, 5 minutes after the hour, etc.) and the interval
between the counts.
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might be for the last few days or weeks of operation. Whatever set

of snapshots is desired, the statistics printed out on this report,
including the averages, will pertain only to the status for the period
of interest. It should also be noted that the user may obtain averages
for the entire simulation {or for selected periods) in two ways: he
may print the entire set of status snapshots quarter-hour by quarter-
hour, hour by hour, etc., and the corresponding averages; or, he may
choose to get only the averages by usirg an N entry in Col. 72 on the
output request card.

As the sample report heading indicates, a separate report is
prepared for each base as requested. The sample is for simulation
RATIO at base RAT. The Report Time field identifies the time (day,
hour, minute) of each snapshot taken during the period of interest.
Recall that the interval between snapshots is determined by the output
request card. Aircraft types included in the report are identified
above the (FYB) Flyable column in each set of status records. Although up
to five different aircraft types may be identified for each base on a
single report, the sample includes data for only one type, the F-XYZ.
If more than five aircraft are located on a base, they would be included
on another report.

Six kinds of data are reported for each aircraft. The data in
the first three columns account for the aircraft carried in the flyable
(FYB), alert (ALR), and ready (RDY) statuses. The fourth columa shows
the nmumber of aircraft in all maintenance categories (MNT). The fifth
column is for those in the air (AIR), and the last column accounts for
the total (TOT) aircraft of the given type at the base. Averages for
each status category are shown at the bottom of the report,

Flyable, ready, and alert aircraft have already been defined and
discussed in connection with the Base Status Report and the SAMSOM
Model Logic Schematic. The periodic entries shown reflect the number
of aircraft in the given category at the point in time shown in the
Report Time column. For example, five minutes after the hour on day
31 (day 31, hour 0, minute 5) there were seven aircraft in the flyable

pool and none on either alert or ready status. At the same time, five
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alrcraft were down for some kind of maintenance, and none were flying,
The total of twelve accounts for all aircraft in the simulation at the
time, The first five columns should total to this number at all times
during the simulation. In other words, every aircraft must be in one
of the five status conditions at all times. The number of aircraft
found in each of the three pocls is cbtained from the tramsactions
identified on a sample of the report in Appendix D,

The maintenance column reflects all aircraft down for maintenance
and unavailable for operations for all reasoms. It includes aircraft
undexrgoing all types of maintenance and those waiting for any reasom.
It should be noted that even though the total number of aircraft is
specified in the inputs, the number at any given base may be changed
by events. Attrition and replacements may cause changes in the total.
In multibase simultations where aircraft are moving about among the
bases, the total for any given base may change many times and thus
reflect the location of aircraft in the total system being simulated.

The averages are computed from the snapshot entries included in
the report for the given period. Their position with reference to the
c¢olumm could be confusing unless it is understood that the last of the
three digits in the three-place decimal will always fall under the last
digit of all entries for the columm. For example, the average for
flyable status on the sample is 2.119 aircraft, not 0 as one might read
at first glance, The total of 12.00Q also looks out of place since
the 12 falls under the air column. The reason for this apparent dis-
crepancy is the printing space required to show the averages to three
places.

All averages may be compared with similar output on other reports,
but the user is cauticned to expect minor* differences for several

reasons, For example, the average number of aircraft airborne multiplied

%*
In some cases the differemces may be substantial and the smapshot

averages may be misleading or erronecus. As subsequently explained,
the accuracy of this report may be assured by choice of a short reporting
cycle or interval,
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by the number of snapshots in this report divided by the total sorties
launched during the same period (number of sorties would be revealed

in the appropriate Base Status Report for the given aircraft or In
Report 4) should provide an average sortlie time comparable to that shown
in the Base Status Report.* The user is cautioned, however, that the
data on the two reports are not computed from exactly the same infor-
mation. The information behind the Base Status Report averageslincludes
all changes in status as previously discussed. The {nformation behind
the averages reported in the Aircraft Status Report is based upon snap-
shots of status and depends on the interval chosen. Thus, short half~
hour sorties might not be reflected in snapshots an hour apart. Simi-
larly, aircraft undergoing short maintenance jobs {fuel~servicing, etc.)
might not be caught in hourly snapshots, The shorter the interval,

the greater the probability that the sample includes all status condi=-
tions and more nearly reflects the same averages gilven in the Base
Status Report.**

It might also be noted that the mean number of aircraft alrborme
according to the Base Status Report (Fig. l1) should agree with the
average number in the air shown on this report. In fact, the two samples
included here are from the same simulation and the two statistics do
compare favorably, even though they are not exactly the same. The mean
number in the alr on the Base Status Report is 1.11l; the average shown
on Fig. 12 for this report is 1.26. The other statistics also reflect
minor differences. Some are explained by the interval effect discussed
abovej othérs may be due to the difference iﬁ.the compu tation procedures.
In some cases, status truncatlﬁns due to period cutoffs or changes also
may cause slight dtfferenéﬁs.

As already discussed in connection with previous reports, the
computer time to produce the Aircraft Status Report is shown on the

report. Note also that the averages shown on the Base Status and

*
Averages for the other columns may be compared in a similar manner.

Depending upon the simulation inputs, l4-minute or shorter inter-
vals should be sufficient for most purposes. In general, we have found
that the hourly intervals provide sufficient data and accuracy.



-102-

Aircraft Status Reports are similar in several respects. One or the
other might be considered redundant for some purposes. However, the
user may choose the one that best serves his purpose or generate both

reports if they are useful.

Sortie'History Re?ort 

Output Report & is a Sortie History Report that may be produced
for each base ln the simulation. Unlike the Aircraft Status Report,
which is a series of status snapshots and assoclated averages, the
Sortie History Report provides a series of subtotals and snapshots of
selected statistics. The subtotals it provides coacern sorties and
related ‘attrition events and their asséciated totals for the period.

If subtotals are not useful, an N entry in Col. 72 of the output request
card will print out only the totals. The report also provides a series’
of snapshots of sortie-schedule losses or deficits,

The general format of this report is shown in Fig. 13. Simulation
fdentification and base name are shown in the heading of each separate
report generated for the different bases. The illustration identifies
base RAT and simulation RATL0. Other headings identify the reporting
interval (Report Time} and the different missions included in the given
report. Four different missfons may be identified on each page of the
repert.. The example shows sortie data for three missions identified
as STL, ST2, and STL. If additional missions are flown from a given
base, or Lf it is desirable to group missions according to aireraft
types, additional reports must be requested. Seven different statistics
are provided for each mission, including sortie takeoffs and landings,
the associated events showing impact of attrition (Lf any), and sortie-
schedule losses.

It is important to understand that the entries for any given report
time for schedule losses differ from the entries for the other statis-
tics. As already indicated, statistics on sortie launches and landings
and/or attrition reflect subtotals or number of times the event occurred
during the Iinterval between the current and the immediately preceding

report time., For example, the_illu#tf&ﬁién shows that three airecraft
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had taken off (T-0) on mission ST1 between day 31, hour 8, minute 5,
and 5 minutes after hour 7 on the same day. On the other hand, sortie
losses or deficit (DEF) statistics reflect total deficits as of report-
ing time, i.e., they are snapshots.

Although not shown in the ilLustratiOn,* the fifst entry on the
report for sortie launches and landings and attrition data is the total
accumulated from the beginning of the simulation. Obviously, Lf the
first lime is printed at time zero, then the totals would be zero. If
reporting begins after some period of time, perhaps representing a
shakedown period, there will be a cumulative subtotal to take into
account in determining total sorties launched, attrition losses, ete.
For example, a report for the final 30 days in a 33-day simulation
would show the cumulative totals for the preceding 3 days of activicy
on the first line of the Sortie History Report, When output is organ-
ized to eliminate such shakedown periods, users should remember that
the final total reported is for the final 30 days only and does not
faclude the first 3 days.

A more complete description of each of the seven different statig-
tics that the Sortie History Report provides and an indication of their
source in simulation transaction records follows.

Take-offs and landings (LND) are self-explanatory. They are
counted as separate events for several reasons. First, they do not
necessarily reflect the same data inm neat operational patterns or
cycles. For example, even though nine (6 plus 3) aireraft took off
on day 31 during two hours between 7 and 9, all nine landed between 9
and 10. Of course, the different takeoff times and sortie lengths
determine the cycle interval between launches and returns. Al though
the two columns of data would tend to be equal in the long run, they
may differ from day to day, especially when very long sorties, such
48 airborne alerts, are part of the simulation. Second, when attrition
is taken into account and aircraft are lost, the two columns and totals

will differ because lost aircraft do not return. Third, the two events

It is for the last two days of a longer period of interest.
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generate different resource requirements. Takeoffs generate launch-
service requirements; turnaround requirements are affected by landings.
Therefore, data omn both events are useful in analyzing simulation
results. Takeoff statistiecs are derived from tramsaction-tape record
30, landings are from record number 2.

Since lost and combat-damaged aircraft amd air aborts are directly
agsociated with sorties in SAMSUMIII, the Sortie History Report provides
attrition outputs. As stated in the discussion on inputs, lost aircraft
(LST) are destroyed and disappear from the simulation. Combat damage
(C/D) is self-explanatory, and alr aborts (A/B) refer to misasion or
operations failures or events, Air aborts should not be confused with
ground aborts, which are reported and discussed later in connection with
other reports. As indicated in the illustration, one aircraft was lost
on day 32 between hours 9 and 10, another was damaged, and a third
air aborted.” The statistics are derived from transactions 5, 4 and &
for lost, combat damaged, and air aborted aircraft, respectively.

Sortie schedule deficits.or fall-out have been identified under
two categories: normal, operational deficits (DEF), and deficits or
losses due to weather (WIH). These must be summed from the output for
each snapshot Lf total deficits are desired. At present, weather defi-
cits are the only outputs available for evaluating how weather affects I
an organization's sortie-generation capability. The data show when
deficits occur during a simulation and whether or not they are elimi-
~ nated or persist., Since deficit totals in the summary output at the
end of the report have no meaning: they are not computed. Operational
deficic statistics are derived from transaction records numbered 21,

24, 27, 28 and 42; weather deficlts are derived from record numbers 26,
28, and 42.

Verbal History Report

Output Report 5 is the Verbal Higtory Report used for debugging
and similar checkout purposes. Its primary use is to trace a series

of actions through simulated time to determine if and in what sequence

*
It should be remembered that all numbers in the Lllustratious
are contrived to illustrate the format and points under discussion.
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the relevant events took place. As iudicated in Fig. l4 and the sample
repart format found in Appendix D, all events called for in the output.
request are printed out between different points in time during the
reporting period. |

The first time identified in the illustration is day 0, hour 8,
minute 46. Between this time and 0903 hours, "launch will be attempted
for STL at KAT" and "a sortie is launched from KAT on STL with three
F-58." Assuming that the output request calls for all events to be
printed out, the report shows that the only significant events during
this time are the successful launches of three F-5 aircraft, numbered
7, 8, and 9. The next event occurs at 0903 hours. Three sorties (three
F-58) are scheduled to be flown from KAT on mission ST2. Since none
aré reported launched? it may be assumed that no aircraft are avallable
at this time. In this conmnectlion, the Verbal History Report does not
report events which could have but do not happen. Thus, it does not
provide a complete tracing of all comsequences or sets of interacting
events.

At day 0, 4 minutes after hour 9, several eveats occur. Three
F-55 land at base KAT, and resources (PT) are required and go to work
on varfous aircraft. At the same time, another launch is called for
and completed at base KAT for three F-5 aircraft.

The best way to understand this report is to use it in conmecticn
with an interpretation of any of the other reports. It will provide
additional details to explain the more aggregated information shown
on all other outputs, except the Tape Dump Report. This report is
useful for checking out selected events during selected perioda. It
also allows one to trace the sequence of events associated with any
given aircraft. In fact, it and Report 6 are the only source of tail-
number associated events and activities. All other reports ignore
tail-number assocliations and identifications and provide statistics

*
for aircraft types, missions, and malntenance activities,

*It would be possible to set up a gsimulation with as many aircraft
types as number of aircraft and thus permit tail number scheduling and
reports. Although feasible, the model has not been programmed to be
economical for these kind of simulations. '
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Finally, this report provides voluminous details and scon over-
whelms the analyst with paper. It should be used with care for special

checking and eveut-tracing purpoéea only.

Tape Dump Report

Output Report 6 is a Tape Dump Report that provides abbreviated,
coded details on all or selected transactions.*. As shown in Fig. L5,
it prints out selected coded events, chromologically, in ten columns
of iunformation. The first three columns identify the time of the event,
shown to the nearest minute.”" Column &4 identifies the transaction
record number. As explained in coanection with the output request
card, the user may select any or all transactions. Column 5 contains
the base number for all transactions except transaction numbers 36
and 47, in which case it will be blank. Column 6 shows alrcraft types
(transactions 1-35, 37-46, 54, 60-78) and system numbers (transactions
49~52, 55-58). It will be blank for some transactions (36, 47, 48, 59).
It should be emphasized that base and aircraft type numbers reflect
the order in which they are entered on Input Form ! while the system
numbers reflect the order im which they are entered on Imput Form 6.
Column 7 contains mission numbers {transactioms 1, 2, 4-31, 34,
35, 3747, 49-58, 60-78) or it will be blank for transactions 3, 32,
33, 36, 48, and 59. Mission numbers alsoc reflect the order in which
migsions are fdentified on Input Form 2 and the following codes for

the "special misgsions:"

*
See Appendix F and the Programmer's Guide for a list and expla-
nation of the different transactions.

Actually, the simulation identifies time in terms of decimal
days to the nearest 0.0000001 as it is identified in all SIMSCRIPT
programs.
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Fig, 15 -- Tape Dump Report illustration
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Code Special Mission Name
200 ALERT

201 ABURT

202 PER@D

203 P@STFT

204 STAND

In addition to these special mission codes, Col. 7 may reflect a "new'
mission number in the case of a Diversion Mission (transaction 9) or
an '"old™ mission number in the case of Preemptions (transactions 61-63).
'Aniéfém;HEE&iIﬁ“édi;_i“méaﬁs'Ehéf the given transaction number covers
ALL misslons. o

Column 8 shows aifcfaft.tail numbers {transactions 2-6, 11-20,
22, 29-35, 37-38, 40, 43-46, 49-58, 60-64, 66-78) which the model
arbitrarily assigns when it identifies the number of aircraft assigned
to each base. The Llluatration shows aircraft tail numbers 1-3 and
6~10 associated with the different transactions. During the period
(0233-0303 hours on day zero) this illustration covers, other tail
numbers are not associated with the given transactions.

Col. 8 also may reflect information other than the aircraft tail
number. Transaction 39 reflects the Launch ID code in Col. 8 which
may be any of the following:

g
o

Event

Scheduled sortie

Normal deficit

Sortie 1s in the alr

Sortie is at an intermediate stop
Weather defieit

End of sortie

"Fly to Fix" sortie (NRTS)

1
!
~ TR P W R

Transaction 41 reflects the.minimum number of aircraft to launch on
the‘given gsortie-element or missioun in Col. 8. The zerc code for trans-
action 41 in the illuﬁtration means that the {inputs reflect a minimum

of zero for that particular sortie element or mission. Actually, one
or more (as provided for by the maximum) might have been launched.
Transaction 59 would reflect the Resource Kind (PT, ET, PA, ID) im Col. 8.
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Transaction numbers 1, 7-10, 21, 23-28, 36, 42, 47-48 and 65 are all
blauk in Cel. 8.

Column 9 contains several different kinds of data associated with
the different transactions. Transactioms L, 7-8, 17-19, 21, 23-24,
26-28, 54 and 65 reflect the Launch ID assoclated with the given
mission and base. Transaction 9 reflects the old wission number here
associated with a diversion sortie. Transaction number 30 shows the
cumulative number of alrcraft ready for the sortie-element (in the
ready pool). The next base at which the alrcraft will land is'iden-
tified by transactiouns 39 and 40. When work starts or ends on a job
:(transactions 43, 69, 71, 73 and 75), the entry identifies the

maintenance activity invelved according to -the following codes:

Code Maintenance Type Activity

1 Debriefing (DGC)

2 Troubleshooting (TS)

3 Unscheduled Matntenance (UM)

& Functional Checks (FQ)

5 Combat Damage Troublesheoting (CDIS)
6 Combat Damage Unscheduled Maintenance

(CDuM)

Combat Damage Functional Checks (CDFC)
Fuel Servicing Activities (FS)

Launch Service Activities (LS)
Download Activities (DL)

1
1 Iaspections (IS)

0D 00 -l

Column 9 codes for tramsactions 49-52, 55-59 and 78 show the
resource number determined by the order in which they were entered on
Input Form 6 as previously explained. Coded data in this column may
also reveal a "new" mission number (transactiona 61-63) where aircraft
are preempted from sorties, maintenance or upload to meet higher prior-
Lty requirements. Finally, one of the two systems causing a conflict
between two maintenance requirements (and consequently a delay in
beginning the maintenance on the second system) would be shown for
transaction 77, cbnflicting systems. The system number associated
with "system 1" in the inputs would be reflected in Col. 9; Col. LO

;o
would reflect the appropriate number for "system 2." In both cases
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the model would detemine the number shown for each system. As with
reaourées, the ays%ems will be numbered as they appear on Input Form
6. It might be noted that further analysis of these records could
provide additional ocutput reflecting the impact of System conflicts
upont operational capability or weapon system turnaround time,

In general, Col. L0 shows the quantity associated with events.
For example, the second entry in the illustration shows that one team
(or individual) of resource number 1 started work at 0233. For several
kindg of transactions, however, this columa reflects other data. The
first example shows that work started (transaction 71) on system 2 at
the given time. Other entries in Col. 10 may reflect the maximum afr-
craft on a sortie (transactions 21, 23, 24, 26-28, 41, 42, and 65),
the minimum aircraft on a sortie (transaction 25}, the launch ID
(transaction 40), or the number of aircraft on a sortie (transaction
8) . Transaction 1 would reflect the number of aircraft landed, while
transaction 39 would reflect the number of aircraft ready for a sortie.
When a change in make-up policy occurs, the new policy number appears
In Col. 1O for transaction 47. Likewise, when there is a weather
change, the new weather number (tramsaction 48) will appear. Transac-
tions 49-532 and 56-59 show the number of resources at work, demanded
but not available or completing work. Transactions 69-75 contain the
system number on which work is needed, started, stopped or ended.
Transaction 78 reflects the malatenance type for which a maximum P7T
is reached, while transaction 77 reflects system 2 when there are
conflicting systems in the inputs. Finally, for many transaction
numbers, a 1 appears in Col, 10. For transaction numbers 9 and 10 this
l is meaningless, but for other transactions (2-7, 11-20, 22, 29~ -
35, 37-38, 43, 46, 54, 60-64 and 66-68) the 1 specifies that ome air-
craft tall number is involved in the given transactlfon or event.

As Indicated in the discussion of Tape Dump request cards, this
report is primarily designed as an aid for program debugging and model
checkout purposes. It also is a means for ferreting out details on
how the model handles a sequence of activitles or set of inputs that

the other reports might not reveal. In fact, it provides the user



-113-

with an understanding of details that would help him design additional
output reports,

Selecting the transactions that reflect the eventa of laterest
allows the user to review some particular part of the simulation in
terms of details obscured within the other reports. For example, other
reports do not reflect the particular aircraft undergoing inspections.
Selecting transactions 66 and 67, Periodics and Postflights Due, res-
pectively, allows the user to deterﬁine which aivrcraft tail numhers..“
(shown in Col. 8) were placed in inspections initially, the sequence
of periodics and postflights for any given alrcraft, and when they
occurred. Sueh analysis algo would reveal aireraft net receiving in-
spections at the expected rate, perhaps due to their random selection
to meet flying commitments.

Other detalls associated with tail-number identifications and
other attributes or events could be cbtained from this report when
they would be useful, or help one understand model logic or follow the
events associated with a get of inputs. For example, detalled exam-
lnations of the cumulative number of aircraft placed in and held in
the ready pool (Col. 9, transaction 30) would allow the user to bulld
a distribution of the number accumulated before the requirement was
cancelled for all of the different times this occurred. Such cancel-
lation cycle time, ia turn, could be varied for successive asimulations
to choose some best make-up period for given conditions and resources.
Similarly, these detalls could be examined to derive a distribution of
the elapsed times these aircraft were held in reaéy #waiting gsortie~
element launch minimums ta be equalled or exceeded.

Anocther example of how analysis of the Tape! Dump Report might be
useful involves a selection and analysis of system conflict recoxrd 77.
This record shows both the system conflict situation and the system
(Col. 10, system 2) that is delayed because of the conflict. Using
a unique identification between systems and resources, the user could
make this report ghow the time of conflict and when work later began
(transaction 50) on the delayed system. Thus, he should be able to
build a new report (or do a special eyeball analysis of this one)

showing the queue (delay) times asscciated with such situations and
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the affected systems (resources). Combined with events showing when
other work was in progress, the user might also distinguish between
conflicts that "hurt," i.e., occurred alone, and those that overlapped
with other maintenance or delay and did not have an impact on turn=
around time.

Finally, it should be noted that a similar Dump Report containing
additional information (especially a finer division of time to reflect
the sequencing of events) 1s available using a special program described

in the Programmer's Guide.

Resource Report

Output Report 7, the Resource Report, provides both detail and
summary information on resource availability, utilization and shortages.
Derail information is provided in a series of resource status snapshots
at selected points in time, as identified in Fig. 16. The detaila for
each resource are categorized four ways: resources at work (WRK), idle
(IDL) , available (TOT), and demanded not available (DNA). Seven re-
sources may be reported on each page of output. Each page, in turm,
shows simulation identification (TEST 3), and base (Bl). Snapshot
times, such as 5 minutes after the hour shown in the illustration, are
selected and identified on the output request card. f

The user is cautioned that the quantities recorded in the cclumns
for the different resources should be correctly interpreted tg agree

with the unit-meaning for each resource established in the inputs. In
other words, the correct meaning for personnel types (PTs) 1, 2, 3, 4
6, and 7* in the illustration is unclear. They might refer to either
individuals or crews (or teams). The latter terms, in turn, might mean
some average number of men, As the reader will recall, these meanings
are established when completing Input Form 6 and should be cousistent
throughout the simulation for any given resource. For example, let us

assume that PT1 statigstics in the illustration mean individuwals. The

*
The illustration shows that resources may be reported in any
convenient order or grouping.
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Fig. 16 -- Resource Report illustration
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report shows 17 men available (TOT) throughout the day. Seven or more
were always bugy (WRK). At various times 3 to 10 werxe idle (IDL), none
were ever demanded but not available (D/NA). Wherever P71 appears in
this simulation it should be interpreted azs number of men, not crews.

On the other hand, consistency among the different resources is
not required. The statisticsg for the other PTs may mean number of teams,
each of which, in turn, would be composed of some number of men.

Normally, the correct meaning for equipment or facilities would be
that each unit was a single piece of equipment, not a group working as
a unit. The example in the illustration shows one piece of equipment
(ET53) available. It also shows that it was busy some, but not all, of
the time. In fact, between 1100 and 1400 hours on day 29, there was a
shortage of one piece. One should not conclude from this example that
shortages would be only one unit; they could have been any number, even
more than was ever available to do the work. For example, the DNA
column for PT2 shows that two crews were needed in addition to the one
available and busy for several hours on day 28.

The averages at the bottom of the illustration are computed over
all snapshots included in the period of interest. In this case it may
be assumed that they reflect data for 30 days of operation. As they
indicate, every resource shown on the report except PT4 was in short
supply some of the time. PT4 reflects a zero D/NA average.*

These averages are computed from the total number of snapshots
(observations) included in the report. If resource status is sampled
every hour, the averages so reflect. The smaller the interval between
snapshots, the more accurate become the averages reflecting resource
utilization and idle time. Although utilization percentages may be
computed from these statistics, this report does not provide them. In
the illustration, PT1 was utilized 70 percent of the time (11.872 +
17.0) . ETS was used only 14.7 percent of the time and was idle 85.3
percent. More accurate utilization data may be obtained from the Matrix
Summaries.

Resource status snapshots and averages are not affected by transient
states previously discussed. They are derived from the following trans-

action records.

* .
It is possible, but not likely, that PT4 was demanded but not
available between snapshots.



-117-

Status Transaction Numbers
Total Available (TOT) 59
Total at Work (WRK) 50, 52, 56, 59
Total Idle (IDL) 50, 52, 56, 59
Total Demanded Not Available 49, 51, 58

(DNA)

Finally, additional resource statistics are available in Report
9, Matrix Reports. These reporta, however, consider more than just
snapshots. They follow the resources throughout the period and compute
accurate statistlies. If the reporting interval on the Resource Report
is sufficieﬁtl& small;_then the averages computed by the Resource
Report should compare favorably-with the meaﬁs pfinted by the Matrix
Reports when AVG is the requested statistic. Further discussion of

such comparisons and crosschecks will be found in the explanation of

the Matrix Reports.

Maintenance Report

Output Report 8 is the Maintenance Report that provides detailed
and summary information on maintenance activities during the simulatioa.
Both the snapshot statistics and averages shown in Fig. 17 are derived
and interpreted in a manner similar to that explained for the Resource
Report. It is important, however, to understand that Malntenance Re-
port statistics show the number of aireraft in a given maintenance-
status category, not the number of resources doing the work. Consequent-
ly, appropriate aggregatious of these data may be compared with and
cross-checked against the maintenance statistics compiled in the Air-
craft Status and Distribution Repofts.

As reflected in the report headings of Fig. 17, the illustration
is for a Base KAT and is from simulation KAT5. 1Lt covers F-5 aircraft
(top row) and miassions STL, ST2, and STL (second row). The third row
shows the systems, and the fourth row ghows the maintenance activities.
Users may choose any’convenient column groupings of these headings to

facilitate understanding. Illustration statistics have been grouped
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by maintenance activity, UM, LS, and FS. As shown in the example, up
to 14 different sets of statistics may be displayed on each page of
the report. Since all outputs are opticnal, users may request as many
sets of these data as may be useful.

Each set of data includes two statistics: number of aircraft in
maintenance (IM) and the number of aircraft awaiting maintenance (AM).
The data on aircraft both in and awaiting maintenance are derived from
transactions 69, 71, 73, 75. The statistics are mutually exclusive
for any given aircraft, system, and maintenance type. However, any

given aircraft may be in more than one status for the different systemg

within a given maintenance type. In maintenance means that work is in
progress. Awaiting maintenance means that it is not in progress and
that it is waiting for resources (either not available or prohibited
from working because of conflicting systems or maximum number of person-
nel constraints) or for parts. Thus, awaiting maintenance reflects

both queues and other constraints preventing work from proceeding on

the given system and maintenance activity.

Since the model performs the different maintenance typea (UM, FS,
etc.) sequentially, it is possible to cross-check the sum of selected
maintenance report averagea against their counterparts in the Base
Status and Aircraft Status Reports.* Of course, the reporting interval
must be identical when comparing it with the Aircraft Status Report,
and sufficiently small when comparing it with the Base Status Report.
However, one of the primary uses of these data is to allow the user to
redefine in-commission or ready time to suit his purposes. For example,
it is common practice to consider any aircraft requiring only fuel-
servicing activity to be available and in-commission. Model statistics
treat all maintenance as downtime; hence the model tends to understate
conventional uptime percentages, Given Maintenance Report statistics, the

uger may adjust other averages to fit his needs and definitions of downtime

*The user must be sure to sum mutually independent sets of data.
Not all summations would be meaningful. In any given set of maintenance
type (UM, FS5, etc.) statistics, the different systems may be worked on
concurrently.
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and ready status. Appropriately categorizing the inputs and system
definftions allows the user to establish almost any desired definition
of status to fit his needs.

This report also provides information on selected system mainte-
nance parameters. Tt would be useful for examining the variations in
system requirements associated with different operations, brezk rates,
and:maihtainébilitj assumptions. It should be emphasized, however,
that in most cases*-aseparate sygtem statistics would not reflect or
measure the_imgact'of improvements or degradations in reliability and
maintainability parameters. Impact would be reflected in changes in
the overall status statistics or operations output, depending upon how
the user chovses to define his measures of capability or ocutput for

the analysis.

The Matrix Summaries

Output Report 9 is a set of Matrix Summaries or reports that
provides a speclal form of hourly frequency counts of 16 different kinds
of simulation cutputs for 24-hour periods. The complete list of out-
puts will be found in the subsection "Output Request for Report 9.'

The format used for all output is i{llustrated in Fig. 18.

The report headings identify the base (SH), aircraft (F-54),
missions included (in this instance all), output code (LAUNGH}, desired
statistic (TOT), and report start {(day 3) and stop (day 32) times cover-
ing 30 days of operations. Each cell in the matrix is identified with
an hour of the day (across the top), and the number of units are shown
on the vertical. Although the hourly identification is fixed (quarter
hours, etc., cannot be shown), the number of units may vary to £it the
cutput that the simulation generates. The program allows for 51 lines
to be printed per matrix page. If there are more than 50 units,

the program automatically sets up an approprilate increment.

*
Unless the inputs were specifically designed to make the particu-
lar system requirements mutually exclusive from all other maintenance,
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For example, if there are between 50 and 100 units, the scale would be
in steps of 1 (50, 51, 52,...,100) or if the number of units is between
100 and 200, the scale would he in steps of 2 (100, 102,...,200).

Az will be noted, a frequency count is entered for each hour.

The correct interpretation of the example for base SH is that not one
(0) aircraft was launched between hours 0-5 and 20-23 during the 30

days covered by the report. The zero-hour entry includes events from
2400 to 0059 hours. Four times out of 30 between 0600 and 06539 hours,

a total* of 25 aircraft were lauanched; 6 times out of 30 the number
launched was 24, etec. Thus, the report provides a summary launch
profile or histogram for the unit for the period. The sum of the counts
in each column should zlways equal the number of days printed at the

top of the report. In this case, the sum of the counts in each column
of cells equals 30.

The mean number launched during each hourly period of the day is
shown at the bottom, and sigma is computed and shown. The Lllustration
shows that the\average number launched from 0600-0639 hours was 22.6;
during most of the remainder of the flyirg day (0600-1959 hours),
the average number per hour ranged from 4 to 5. Obviously, the sum
of these averages divided by the number of aircraft in the simulation
would provide an estimate of the average number of sorties per aircraft
day. This average, in turn, should agree with the data shown on the
Operations_Summary and Sortie History Reports.

Fig. 19 depicts another kind of sortie launch pattern covering
all bases and missions in another simulation. It might be noted that
the unit count ends at 15, the largest aumber of launches during any
hourly interval inithe reporting period. The launch profile shows a
cycle of launches that peaks every other hour. No particular signifi-

cance should be attached to the statistics. The fluctuations probably

*
It should be noted that this i3 the sum of all launches during

this hour period. These launch statistics differ from those for later
matrices.
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were caused by the schedule of requirements. They may or may oot
reflect total capabilities.

Figure 20 includes a different kind of statistic. It shows the
average* (desired statistic) number of personnel (PT) at work (WORK)
at ALL bases for a 30-day period beginning at day zero and ending on
day 2%. Although examples are not shown, it should be understood that
similar kinds of matrices may be generated for resources showing the
minimum and maximum number of men at work. In contrast to the average
computations previously noted, the minimum is simply the lowest number
of men recorded at work at any time during the given hour. Similarly,
the maximum is the single highest number of men at work during the hour.
Transient states affect these reports: The number of units in a status
must remain unchanged for more than one minute or the immediately
preceding value will be usged.

A similar set of Matrix Summaries may also be generated for PT1
to show the average, minimum and maximum number of men demanded but
not available (D/NA) and idle (IDL) for all hours of the day.

All respurce matrix means may be compared with their counterpart
averages on the Resources Reports. Specifically, the average of the
sum of the means on the Matrix Summary should compare favorably with
the corresponding average on the Resource Report for the given resource
statistic. They may not be equal because the statistics are compiled
and computed differently for the two reports and because choice of snap-
shot interval on the Resource Report may introduce errvors into final
averages. Matrix Report statistics are the most accurate and are not
compromised by sample (snapshot) choices. They take into account all
events occurring during the hourly period.

The sources of all Matrix Summary statistics are shown in Fig. 21.
Macrix Summaries provide useful information for several purposes.

As already indicated, they produce hourly profiles of launches, landings,
losses, etc. showing averages and the frequency of occurrences for 24-

hour periods. They also provide similar histograms of aircraft status

*
Average is computed by multiplying the number of resources at
work by the fraction of the hour during which they worked. For example,

if 3 PTs worked for 15 minutes each, the average would be computed as
3 x 15/60.
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Dutput Codes Associated Transaction Numbers

WHERK 50, 52, 56, 59

D/NA 49, 51, 58

IDLE 50, 52, 56, 59

LAUNCH 39

1.ANDED 2

LOST 5

COMBAT 4

ABGRT 6 )

OPERAT 21, 24, 27, 28, 42

WEATHR 26, 28, 42

TOTAL 3, 5, 39

FLYARL 3, 13, 16-18, 35, 44

ALERT 19, 31, 37, 60, 68

READY 14, 17, 19, 29, 30, 34, 39, 44, 45, 61

MAINT 2, 11, t2, L6, 18, 20, 29-32, 35, 39,
45, 46, 62-64, 68

AIR 2,5, 39

The transactions specified here are used for the Output Request
Form 9 Matrix Output. These transaction numbers are used regard-
less of whether the desired statistic is MIN (minimum) MAX (maxi-
mum} , AVG (average) or TOT (total).

Fig. 21 -- Matrix Summary Statistics Sources

co;ﬁitiéns and show the user the hourly fluctuations in ready aircraft
and the number in maintenance that would be related to the operations
profile,

Matrix Summaries also may be used to estimate probabilities and
establish confidence limits for statements about launching'some number
of sorties at different times during the day under the conditions of any
given simulation. For example, the data in Fig. 18 indicate that 19 or
more aircraft aimost always* can be launched each day at six o'clock to
meat the given schedule of requirements, given 25 aircraft and the associa-
ted support included in the gimulation. Similarly, one can say that
if the aircraft are used for early morning missions, then there is a
very small chance that the given schedule could provide more than 11

aircraft during any hour remaining in the'flying day., Such kinds of

*
Thirty days of simulated events are substantial, but not enough
to be sure that some lower number would never be launched.
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statements, based upon the probability distributions for the different
hours or periods of the day, may be used as Lnputs for other models or
analyses. However, it is important.to remember that they hold only

for the particular set of resources, number of aircraft, and operations
requirements.

One of the primary uses of Matrix Summaries i3 to estimate resource
requirements and make proper shift assignments to best meet workloads
that a given operations schedule generates. The following section on
SAMSCOM applications and management uses includes a discussion of such
use to estimate direct maintenance manpower requirements. The model
was used extensively for such purposes in the conduct of the TAC En-

hancement Study completed Ln 1966.

Transaction Summary

Output Report 10 ig a Summary of Transaction Tape Statistiecs that
provides a count of different types of records or transactions generated
during the simulation. The records reflected in this Summary are identi-

fied in Appendix F and further discussed in the Programmer 's Guide., The

Surmary identifies the simulation and period covered. It also provides
a total count of all transactions, each transaction category as a per-
centage of the total, and indicates the time of the finmal traansaction.
As . shown in Fig. 22, the KATS5-5 simulation generated 24,846 transactions
during the simulated period from day 3 0 5 to 33 0 0. S

This output provides a brief summary of statistics that are use-
ful for understanding the model and checking out selected statistics
in connection with a set of inputs. Many items, such as trausaction
2 which f8 a count of the aircraft launched, may be cross-checked with
other reports. However, some transactfon statistics are recorded anly
on this cutput. For example, ground aborts are random events in all

simulations. Tramsaction 45 is a count of how many actually occurred
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during the given simulation and time period. Similarly, transactions
66 and 67 provide the only record of the number of periodics and post-
flights geﬁerated during the simulation. Transactions 77 and 78 are
the only counts of conflicting systems and the number of times a maxi-
mum number of PTs occurred. The latter transaction s the last in the
current program. However, the table was set up to accommodate 100 dif-
ferent transactfous.

OQutput Report 10 is similar to the Edit Phase transaction table
produced at the time of simulation. The Edit Phase, when used in the
program deck, provides a count of gll transactions for the entire simu-
lation, while the Transactions Summary provides a count for a specific
period of time. For example, the user might want a Transactions Sum-
mary (Qutput Report 10) for ten days of the simulation (day 10 to day
20) . He would request this output separately and could use it to check

out lnputs and cross-check with other reports.

Distribution Report

Qutput Report L1, the Distribution Report, produces turnaroﬁnd,
repalr and queue-time distributions for selected bases, missions, and
time periods. Several definitions are important to an understanding
of the outputs this report produces.

Input Form 6 allows the user to specify different kinds of mainte-
nance activity such as debriefing (DC), unscheduled maintenance (UM),
etc. The madel carries an alreraft im NORM or AOCM status for all such
activity groups if it i3 either awaiting maintenance or in maintenance.
In the Distribution Report, an aircraft is considered to be in a QUEUE
status 1{f it is awaiting maintenance. Likewise, an alrcraft f{s in a
REPAIR status if it is undergoing maintenance.

Alrcrafe enter NORM status when any one of the following trans-
actions occur:

2 Alrcraft lands and goes into maintenance

11 Aireraft scheduled for uplead for ALERT pool (1L8)
12 Aircraft scheduled for upload for deficit (LS)
16 Flyable aircraft suffers a standing failure

18  Aircraft removed from flyable pool and scheduled
for upload (LS)
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20 Alrcraft downloaded from preemption (L3)
29 Ready aircraft suffers a standing failure
35 Alrcraft scheduled for upload for ALERT {LS)

43 TLeftover maintepance started oun uploaded aircraft

45 Afrcraft has ground abort

46 Aircraft uploaded after preemption (LS)

68 ALERT aircraft suffers a standing failure
When an aircraft enters the NORM status via one of the LS transactions
listed above (11, 12, 18, 20, 35, 46), it is said to be in Launch Service
maintenance, Hence, for the Distribution Report, maintenance is divided
into twe parts, Launch Service maintenance and Nem-Launch Service main-
tenance (2, 16, 29, 43, 45, 68). A separate set of Distribution Reports
is provided for each part.

. Bach set of reports, in turnm, includes five separate distributions,

The first, called the Turnarocund Time, is the distribution of times
that aixcraft are im a NORM status. The second, called the Total Repair
Time, is the distribution of the elapsed times that aircraft are in a
REPAIR status for each NORM status., For example, suppose that an air-
crxaft is in a NORM status as depicted in the figure below.

Separate Queune Thne Separate Queue Time
(QUEUE status) {QUEUE starus)
H— e ————
Separate Repair Time Separate Repair Tlme
{REPAIR status) (REPAIR status)
— -1 B s =

Turmnaround Time (NORM starus)
[ mulll i

As can be seem, the aircraft enters the QUEUE status twice; it also
enters the REPAIR status twice. The total repair time for the NORM
status is the sum of the two separate repair times, The Total Repair
Time is the distribution of total repair times for all NORM status con-
ditions for selected bases and missions., The third distribution, Total
Queuve Time, i3 generated in a similar mamner. The final two distribu-

tions are the Separate Repair Time and Separate Queue Time. They treat
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each repair and queue situatioﬁ as g separate independent event.

Proper interpretation and Qse of these distribution reports
requires an understanding of several rules that'goﬁern modél manipu«
lation of transient states. As previously discussed in coanection
with the Base Status Report, aireraft in a status for one minute or
less are considered to have been in a transient state while in the
given shécﬁsg The first rule, then, is that an aircraft must remain
in a status for more than one minute before it fs considered in the
status. Thus, Lf an aircrafr enters the NORM atatus, remains im it
for thirty seconds and then leaves, it is considered never to have
been in the status. The second rule follows from the first: an air-
craft must be out of a status for more than one minute to be considered
out of it. The third rule establishes within which set of distributions
a given sequence of maintenance activities will be counted. Lf an
aireraft enters’ Launch Service maintenance within a minute of the time
it left Nom-Launch Service maintenance, then the aircraft Ls treated
as if it never ieft the Non-Launch Service maintenance. This i{mplies
that i{f Launch Service maintenance occurs immediately after Non-Launch
Service maintenance, then the Non-Launch Service distributions will
contaln turnaround times* equal to the sum of the Non-Launch Service
and the Launch Service elapsed times. The fourth rule follows from
‘the third: the five Launch Service distributfons will contain Non-
Launch Service maintenance if Non-Launch Service maintenance immediately
follows Launch Service activities.

The Distribacion Repoft serves several useful purposes. It is
the only source of the statistics behind averages shown on other reports.
It provides summary simulation data that may become inputs to other

-

*It should be understood that sequences of maintenance activities
often could be established to achieve this "total turnaround" concept.
For example, Fuel Service (FS), coming last in the activity sequence,
could be used to simulate Launch Serivce activities. However, Launch
Service (LS) is the only routine associated with a lead time and upload
or similar requirements which must precede a launch.
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analyses or simulations, including additional SAMSOM iterationms, and
it provides another means for checking any given simulation (and model)
results against a set of inputs for internal consistency.

The Base Status, Aircraft Status, Resource and Maintenance reports
provide various averages that reflect or may be used to compute turn-
around, repair, and queue times, _As already discussed, some of these
cutputs may be cross-checked against each other. TFor example, if the
reporting interval is sufficlently small, the average number of alir-
craft in the air (AIR) on the Aircraft Status Report should compare
favorably with the average number of aircraft airborne (AIRBORNE) in
the Base Status Report. Similarly, the average number NORM on this
report should agree with the number in Maintenance (MNT) on the Aircraft
Status Report.

The Distribution Report provides additional information that,
properly interpreted, should confirm many of these averages. In addi-
tion, it provides a frequency discribution of the elapsed times of
different events during the simulatiom that account for the given
averages. The Turnaround Time distribution average (or the sum of
the Launch Service and Non-Launch Service Tumaround Times) shown in
Fig. 23 should agree with Lts corresponding Total Norm Mean Time for
the given base. Similarly, Total Repair Time, and Total Queue Time
distributions should agree with In Maintenance and Awaiting Maintenance
mean times, reapectively. The user should keep in mind, however, that
the Base Status Report statlstlics include aircraft that were in the
status at the beglaning and/or the end of the period while the Distri-
bution Report permits only those times that are completely within the
reporting period.

Figure 23 also shows the detailed information collected for each
frequency digstribution. The distribution of repair times is derived
from a combination of fnputs, simulation draws, and model logic. It
reflects fallure probabilities, repalr time draws, and the sums of the
Sequences of maintenance activities established in the simulation. In
a simple case, Lt should play back as output what was provided in the

simulation Linputs. Thus, it can be used as a direct check on the model.
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In the more complicated simulations, however, the cutput distributions
will represent rather complicated sets of inputs, involving several
probabilities and distributions. Their combination outside of the
medel may not be feasible.*

Although Repair Time distributions may be checked and thus further
confirmed, SAMSOM II Distribution Report outputs are the only source
of frequency details and associated statistical measures for the Queue
Time generated in any given simulation. Similarly, except for the non-
quete case, Distribution Report outputs are the only source of Total
furnaround Time parameters under given simulation conditions. Ia this
connection, it should be noted that Queue Time includes AOCP or NORS
time.

In some cases, the Total Turnaround Time distributijon derived
from a SAMSOM simulation may provide a very useful input for other
analyses. For example, several kinds of airpower or sortie-capability
models use aircraft break rates and/er maintenance turnaround times.

In most cases, these models might be improved by taking into account
more than estimated average turnaround times. Some even might accept
empirical distributions (or some number of points and associated values)
instead of making assumptions about their shapes and statistical param-
eters. In these cases, SAMSOM distribution outputs may be used to

reflect the simulated turnaround times gemerated by contingencies and

planning assumptions not readily reflected in Air Force data or test

results,

In addition te such uses in SAMSOM analyses, simulated turnaround
times alsc may be used to simplify parts of some kinds of SAMSOM simu-
lations and thus expand the model's capability to examine problems
beyond its Initial capability. For example, a simulation involving

very detailed inputs at several bases might exceed computer space

*
For an extended discussion of this problem amd partial solutions,

see 3. H. Miller, N. Kaufman and H. J. Shukiar, The Comsclidation of
Maintenance Durations with Applications to Aircraft Sorties, The RAND
Corporation, RM~53323-PR, July 1967.
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capability. Detailed simulation of activity at one base, however,
might be very easy. Thus, summary turnaround times derived from
previous simulations for each of the different bases might be used in
an aggregated version of the total simulation including all bases.
This technique also might be useful for aggregating selected parts

of a problem at a single base in order to examine other areas in
greater detail.*

Although this technique and the distribution details may serve
such useful purposes, the user ils cautiomed that queues usually are
the result of the interaction of many events. Thus, projections based
upon turnaround times generated by a set of requirements (fly two-at-
a-time randomly) and given resources might not be correct for another
set of requirements (fly four-at-a-time, half as oftem as the first
case) even though it was based upon the same level of activity and
the same resources were made available.

All Distribution Reports follow the same format. The run identi-
fication, distribution name, base name, mission name and time period
are printed. Figure 23 shows that for run MAKE 1 the Total Turnaround
Time Distribution for base SAMP, mission ALL will be printed for Day O
to day 1. If Launch Service distributions were requested, them Lauach
Service would have appeared below the top lime of the report.

The.class interval identifieé the intervals within which certain
distribution entries fall. This interval is ir days and tenths of
hours. The frequency is the number of times a value fell in the class
interval. The frequency probability of a given class interval is the
frequency of that interval divided by the total anumber of entries in
the distribution. The cumulative probability is the sum of the fre-
quencies of all class intervals prior to and including the current
one, divided by the total entries in the distribution. The number of
rejects is the number of time values that were less than one minute
leng. 1In Fig. 23, no rejects were identified. The total number of

entries, mean aud standard deviation are self-explanatory.

—————iret—

Of course the user must be coavinced that statistical requirements
are not violated when doing this.
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V. MODEL APPLICATIONS AND CAPABILITIES

SAMSUMfII is especially useful for examining two general kinds
 bbf managemeﬁt planning questions., What capability should be expected
from any number of aircraft given some set of supperting resources?
(The resources may be as wany as needed or may be severely con-
.'strained.) What rescurce quantities are required to support some
given number of aircraft and dperati6ﬁa1”SChedule? ‘ﬁepending‘upon
the simulation obijective, then, the model may be operated in a

simple or complex mode or lavel of_gggregatioq, and consequently

require different levels of input details.

SIMPLE SIMULATIONS

The model may be used to simulate operations with simple turn-
around data. 1In this case, it provides estimates of sortie-
generation, alert, and readiness capability. It also may be used
thus to examine altermative operations schedules or sortle require-
ments. It should be understood éﬂ;; such turnaround data may be
gross aggrégations of the ﬁotal.timé used to do all maintenance,
servicing, upload, and other support actions, or different turn-
around times depicting separate activities and associated elapsed
times. As will be recalled, these actions may be sequenced to fit
different purposes and reflect such items as debriefing delays,
part delays, troubleshooting times, etc. Thus, a "simple simhla-
tion may include one aggregated tufharound parameter or several
related delay estimates, troubleshooting times, and net fix or
inspection times,

Figure 24 shows a set of SAMSOM II simulation results* using a
combination of simple turnaround data, astimates of failure proba~-
bilities, and repair times. It provides an indication of the max-
imum number of sorties that a squadron of 25 aircraft ﬁight generate

for the following simulation assumptions or parameters:

= :
Again, the results do aet reflect capabilities of any known
aircraft. They were ceontrived to illustrate model capabilities.
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Flying Day Length: .14 hours + the given sortie length.
Launch Day Length: 14 hours from 0600 to 2000 hours.
Maintenance Requirement Probability: Always or 1.0,

Total Turnarcund: Includes repairs, servicing, and basic
postflights.

Average Turnaround Time: 8.2 hours, but any given turnaround
will be drawn from the appropriare
distribution of turnarocund times.

Arming (Upload).Times: 1.0 hour.

Excluded Downtime: NORS delays.
0ff-shift and similar delays.
Periodic inspections.
Hourly Postflight inspections.

The different points on the Fig. 24 curve were derived from one
or more simulations representing 15 to 30 days of operations.
Points in the shaded area on either side of the average curve show
the maximum and minimum number of sorties launched on any day in
the éimulations. For example, the range for half-hour sorties was
from a low of 47 sorties on one day to a high of 70 on another, for
an'average of 57.7 sorties. Sortie-generation capability decreases
when sortie length increases. At two hours, the squadron should be
able to provide an average of 47 sorties. The right-hand scale of
the figure shows results in terms of sorties per aircraft per day.
Depending upon sortie length, the simulations indicate a range from

2.8 sorties per aircraft per day for half-hour sorties down to 1.2

sortieas for five-~hour sorties.

Table 1

SIMULATED SCRTIE GENERATION CAPABILITY

Sorties per Sorties per

Sortie Sqdn per Day Acft per Day

Langth

(Hours) [Min | Max [ Avg |Min |Max |[Avg
0.5 47 {70 |57.7 {1.882.80 [2.31
1.0 41 159 |52.2)1.64] 2.36 2,01
2.0 38 |53 {47.211.52}12.12 | 1.89
3.0 35 |30 | 44.911.40}2.00|1.80
4.0 32 |49 | 41.011.28] 1.96 |1.64
5.0 29 | 45 | 37.7 [1.16| 1.80 | 1.51
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MAXTMUM SORTIE GENERATION CAPABILITIES

It should be recalled that these results are associated with a
specific set of simulation parameters. Since the turnaround times
used in the simulation include servicing and basic postfiights, the
probability of maintenance requirement is 1.0. Table 2 provides
detailed information on one of the turnaround time distributions used
in the simulations. OQther data requirements such as standing failures,
Tech Order Compliance requirements, and miscellaneous support activi.

ties also included in gimulaticn inputs are not shown in the table,

Table 2

MAINTENANCE TURNAROUND DISTRIBUTION®

Time Cumulative
(Hours) | Probability | Probability fx
0.2 0.104 0.104 0.0208
1.0 0.052 0.154 0.0520
1.5 0.075 0.229 0.1125
2.0 0.169 0.398 0.3380
2.5 0.045 0.443 0.1125
3.0 0.084 0.527 0.2520
4.0 0.055 0.582 0.2200
5.0 0.055 0.637 0.2750
6.5 0.025 0.662 0.1625
7.5 0.044 0.706 0.3300
8.3 0.040 0.746 0.3320
9.0 0.025 a.771 0.2250
11.0 0.050 0.821 0.5500
14.0 0.025 0.846 0.3500
16.8 0.020 0.866 0.3360
18.0 0.039 0.905 0.7020
21.0 0.035 0.940 0.7350
24,0 0.035 0.975 0.8400
31.0 0.015 0.92%0 0.4650
4%1.3 0.005 0.995 0.2065
78.0 0.005 1.000 . 0.3900
Mean ' ' 7.0068

*The distribution does not include standing-
failure repair time which is in another report
and which would make the total average time
previously discussed equal about 8.2 hours.
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Simulated upload time was exactly one hour. Obviously, this time
would vary for different mission configuratioms. It alse should be
understood that these simulations exclude NORS time, major inspections,
and off-shift or similar working-policy delays. In other words, they
assume adequate manning and equipment and reflect net maintenance re-
quirements. Thus, they only indicate maximum sortie generation capa-
bility for the given parameters, which, in tuzn,,pight be interpreted
more generally to represent the sorties per aircraft per day for an
all-out effort of relatively short duration for any number of these
kind of aircraft not down for lack of supply support. Simulations
including various supply and other degradation factors would reflect
lower capability.

Finally, it should be understcod that the illustrated maximum cap-
ability is based upon a unique '*schedule'” of sorties that might not be
completely useful for meeting operations requirements or commitments.
The common characteristics of such "maximum effort” are shown in Fig.
25 (a simplified and adjusted Total Launch Matrix Output), which de-
picts the daily launch profile, hour-by-hour, for the 25 aircraft
 when flying two-hour sorties during the l4-hour launch day. The
"schedule” of requirements is simple: Launch as many as possible

(some large number) for 14 hours a day beginning at 0600 hours. Al-
though the illustration is from a single simulation, the resulting
general pattern is typical, even for other maintenance parameters and
aircraft. Peak capability occurs during the first hour of the flying
day when the largest number of aircraft are in-commission. The bar

on the chart representing the hour from 0600 to 0700 hours reflects a
ninimm of 13 and a maximum of 21 sorties, The average for the hour,
shown as a broken line across the bar, is 17.5 sorties. Capability for
the rewmainder of the day varies from zero for some hours on some days
to a high of 8 sorties between 1100 to 1200 hours on other days.

The numbers in the bars show the number of days out of the simu-
lated 30 days that the given number of sorties were launched. For
example, 2 days out of 30 the squadron launched 13 sorties early in
the morning, that is, between 0600 and 0700; on 5 days it launched 16,



-141-

AVERAGE NUMBER OF SCRTIES PER DAY

SCHEDULED: AS MANY AS POSSIBLE
MADE: 48.3

SORTIE LENGTH: 2,0 HOURS

SORTIES PER AIRCRAFT PER DAY

MAXIMUM DAY: 2.4
AVERAGE DaY: 1.9
MINIMUM DAY: 1.5

SHEET CELL POSITION INDICATES NUMBER OF
Y2585 SORTIES FLOWN AND TIME OF FLIGHT

NUMBER N CELL INDICATES NUMBER OF
(5) DAYS OUT OF 30 ON WHICH WERE FLOWN
THE NUMBER OF SORTEES REPRESENTED 8Y
THAT CELL
o AAXIMUM. NUMBER OF SORTIES FOR TIME SLOT
seseris AVERAGE NUMBER OF SORTIES FOR TIME SLOT

== A NIMUM NUMBER OF SORTIES FOR TIME SLOT

Number of sorties per day

I

Fig, 25 -- Simulated maximum sortie-generation capability for 25 aircraft
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and on one day it launched 21, Similarly, the record from 1900 to

2000 hours was 2 sorties launched on 8 days, &4 sorties on 3 days and

6 sorties on 1 day. These data also provide an estimate of the prob-
ability of launching at least '"n" sorties during "h" hour of the day
for the given flying program and cther simulation assumptions, For
example, suppose the question is what is the close-support capability
of this squadron of 25 aircraft from 1400 to 1500 hours? Or how many
sorties should the commander commit the squadron to provide at this
time of day? The simulation indicates that the average 13 almost 3
sorties per day during this peried. The squadron should be able to
provide the average 50 percent of the time. (The sum of the numbers
shown for 3 or more sorties per day is 15, or 50 percent of 30.) On
the other hand, if the question is what is the probability of providing
at least 2 sorties per day at this time, the answer is about 83 percent
of the time (6 + 2 + 7 + 10)/30. )

..ﬁs.méﬁtiﬁﬁéé, such a 30-day simulation might not provide an accu-
rate estimate of sortie generation capability. It is a limited sample
subject to statistical errors. Additional simulations or additional
days in another simulation, however, should provide reliable simulation
results.

Figure 26 shows the familiar pattern* of early morning sorties when
48 aircraft are included in a similar kind of simulation. The average
number of aircraft launched between 0600 and 0700 hours was 32, and the
range was from 26 to 40 sorties. The early-morning launch accounts for
33 percent of the total or 97 sorties launched during an average day.
The range in the daily total was from 85 to 109 sorties. It also is
interesting to note that therxe way be considerable fluctuation in the
number launched for some hours. For example, from 1000 to 1100 hours

the minimum was 6 and the maximum was 18,

*
Although the inputs for this simulation were different from those
used in the meximum sortie capability simulation for 25 aircraft, the
pattern and total are comparable,
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COMPLEX SORTIE SCHEDULES

The information shown in Table 3 is for a schedule which is not
as simple as "launch as many as possible." However, the schedule
includes a peak requirement early in the morning depicting counterair
(CA) missions and early-morning close-air-support (C8) requirements.
Requirements for the remalnder of the day include both interdiction

missions and other close-alr-support sorties.

Table 3

SELECTED OPERATIONS INPUTS FOR SAMSOM II
(Schedule repeated every 24 hours)

Sortie
Size Make-up Policy

Mission | Sortie Mission Launch B -
Name2 |length |Priority| Hour |Min |Max | Duration | Code

cAl 1.75 3 0603 |24 |24 6.00
12.00
6.00
8 gd 6.00
12.00
6.00
cs1 1.50 3 0603 | 4 | 4 6.00
4,00
! 14,00
cs2 1.50 2 1003 | 4 | 4 10.00
4.00
10.00
cs3 1.50 2 1403 | 4 | & 14.00
4,00
6.00

CAZ 1.75 1 a603

Fa R PO S S PV R R S L7 I S L PR )

a . .

CA means counterair strikes; CS means c¢lose-air support.
b

Hours to nearest hundredth.

c:Make-up code: &4 = cancel if not made on time, 3 = make-up
during specified length of time.

dRepeated three times to make 24 sorties taken 8 at a time.

As reflected in Table 3, counterair (CAl) missions begin at
0600 hours and must fly 4 at a time. Other close-support missionms
(CS2 and C83) are downgraded to second prierity at 1000 hours.

Meanwhile, the interdiction (CA2) missions begin at 0600 hours om
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the lowest p;iprity (after CAl and CS1), and fly 8 at a time up to a
total of 24 for the day. All together, these requirements total 60
sorties scheduled for 48 ajrcraft at the simulated base, or an equiv-
alent of 1.25 sortfes per aircraft per davy. o
Simulation results for 30 days of operation are shown in Fig. 27.
Since the missions were launched in elements of 4 or 8, it is clear
that all CAl missions were launched by 1300 hours each day. One-third
of the time (10 days out of 30) priority 1 and 3 missions were launched
most of the time when "scheduled,” i.e., at 0600, 1000, and 1400 hours,
Similarly, the bunching of 8, 12 and 16 sorties from 1400 through 1800
hours indicates that most CA2 missions, if made at all, were launched
during the late afternoon. This reflects their lower priority in the

simalation,

SORTIE CAPABILITY AND SCHEDULE INTERACTIONS

A comparison of the data in Figs. 26 and 27 reveals both similari-
ties and differences between the sorties generated to meet 'special”
requirements” and those that might be obtained when the schedule is
as many as possible.” The additional difference of one hour between
the flying day for the maxipum capability illustration and that for
the special requirements schedule does not invalidate the illustrative
comparisons discussed in the following paragraphs.

The two schedules are comparable in their demands for early-
morning capability; i.e., 24 or more sorties were launched at 0600
hours most of the time in both cases. As indicated by those days
when 24 or more were launched after 0700 houxs, the 24~aircraft sortie-
element rule hurt 6 times out of 30. Some lower number of aircraft,
such as 22, 20, 18, etc., probably would increase the probability that
more sorties would be launched earlier in the day on the average, and
thus, would improve the chances that the aireraft would be available
later for another sortie.

The simulated results differ in three ways. First, the average

number of sorties launched during the day after the early-morning
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AVERAGE NUMBER OF SORTIES PER DAY
SCHEDULED: &0
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SORTIE LENGTH: 1.7 HOURS
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launch at 0600 hours to meet the special requirements (Fig. 27) was

not as great as the average in the all-out case (Fig. 26). The latter
provided an average of 5 sorties per hour, while the former provided
only 2.4, Second, there was more tendency for a second peak to develop
after 1400 hours than was evident in the all-out schedule. Smaller
sortie elements for the 8 aircraft called for by the CA2 missions should
reduce this peak and spread the launches more evenly over the afternoon,
Third, and most important, the special schedule calls for less than two-
thirds of the potential of the weapon system indicated in the maximum
effort simulations. Not all of this potential is available to opera-
tions, but it seems clear that relaxation of operations constraints upon
sortie-element size when possible would increase the sortie-generation
potential.

In fact, selective relaxation of these massing constraints might
produce two kinds of operations improvements. Firxst, the confidence
that daily requirements could be met should increase., Even the rela-
tively low requirement of 60 sorties per day was met only 7 times out
of 30; the average was 53.2. On one day, only 36 sorties were launched.
Both this average and range should be contrasted with the fact that the
all-out schedule always provided more than 86 sorties per day. It pro-
vided an average of 98 and a maximum of 112. SAMSOM IT can be used to
examine such situatioms to search for a sortie-element policy that
might improve the daily total number of sorties that could be launched
if they could be utilized.

Second, launch timing during the day also might be improved. For
example, CS2 and CS3 missions were lost several times because they could
not get off 4 at a time even within the rather generous time-frame of
4 hours. Obviously, if this time-frame were reduced, the unit would
do even worse, unless a smaller number of sorties could do the job.

It also should be noted that the CAZ (lowest priority) missions were
flown during the late afternoon about two-thirds of the time. Especial~
ly if their timing is of no importance, it would be desirable to launch
them sooner in the day, when possible, so that they could return sooner
and have a better chance to be turned around and prepared to fly another

sortie during the day.
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However ugeful such simple simulations may be to estimate sortie
and readiness capabilities and examine alternative schedules using
different turnaro&ﬁd estimates, they are inadequate to examine ques-
tions concerning resource requirements or to determine the probable
'imﬁéci of resource shortages upon an operation. More complex simula-
tions provide similar outputs. In fact, some of the results previously
discussed were from simulatioms using detailed data behind the simple
parameters identified fox the first case. 4An example of model use for
more complex simulations is discussed in the following section.

~

COMPLEX SIMULATIONS

Determining the resources required to support some number of air-
craft attempting to meet a given operational schedule is a more complex
question than determining operational capability using simple turn-
around data. It requires more detailed data and additional analysis
of matrix report cutputs. In addition, it may take geveral iterations
to find a preferred or balanced mix of resources to support the given
requiremeﬁts in a reasonable manner. The following examples have been
developed to illustrate one approach to such a questiom.

Let the operations requirements be defined as a mixture of sorties
averaging 1.8 hours duration from a squadron of 18 aircraft that are
to be spread over an 18-hour flying day from first takeoff to last
touchdown., Additional constraints are that aircraft seldom fly alone,
and that they generally take off in sortie elements including two, three,
or four aircraft.* In addition, the simulations exclude weather, NORS,
and'otheruaééiadatiqnq and do not include shop (off-equipment) repairs,
The ilIthrétion covers the direct manning requirements for ome shop.
Similar analysis could be conducted for all shops and equipment included

in the simulation.

*

An exact description of the *"schedule of requirements” is not
necessary to illustrate the methodology, amalysis, and use of medel
cutputs.
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Determining Rescurce Requirements

The first step is to similate the schedule of requirements given
infinite manpower support, and then review the Resource Reports and
Matrix Outputs forlthe given shop. In this case, the Resource Report
shows that an.éverage of 5.715 units of personnel type one (PT1) were
at work throughout the simulation. The simulation was set up to re-
flect teams rather than individuals. Assuming that the average team
is 2 men, this average utilization implies that 34 men would be adequate
around-the-clock manning for thié’shdp; (Average number of teams at
work (5.715) x average team size (2) x 3 (8-hour shifts) = 34,29 men.)
Since 100 teams were made available, aircraft never waited on special-
ists from this shop.

This analysis is a beginning, but it is not enough. Obviously,
the number of men required will fluctuate through time as sorties and
their associated maintenance requirements fluctuate throughout the
flying day and overnight. Although a review of the snapshot status
records in the Resource Report would show these variations (and air-
craft waiting, or DNAs, if any), the best information for present
purposes will be found in a Matrix Report for the given shop. The
relevant data are shown in Fig. 28, Resource Matrix output for shop
PT1 for test MAXEl, base SAMP.

Casual review of this output showing the average number of teams
at work throughout the day during the 30-day period reveals that evenly
divided shifts of 6 teams would nmot have filled the requirements. In
fact, as many as 14 crews were at work at 0200 hours on 8 of the 30
days. The actual average number of crews required to meet the work-
load (generated during three B-hour shifts) was 14 crews from 0200
through 0900 hours, 12 from 1000 through 1700 hours, and 11 from 1800
through 0100 hours. This equals 37 crews or 74 men, more than twice
the first estimate based upon Resouxrce Report averages. The hourly

averages reported in Fig. 28 ranged from 12.6 to 1.6 crews,
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Maximum, Minimum and Average Requirements

Figures 29 and 30, respectively, show the maximum and minimum
number of teams at work. Since the average statistic (Fig. 28)
reflects the average number of crews at work during the given hour
(XX00-XX59), taking into account all maximums and minimums within the
hour and properly weighting them by their relative frequencies, it is
congidered generally accurate enough for present purposes. As a com-
parison of numbers in the different cells for Figs. 28 and 29 shows,
more than 14 teams were at work sometimes. However, the "error" in-
troduced by using the average normally is small and involves very
short queues. Although one could not be sure they would be less than
an hour long, they often would have bheen worked off within the given
hour,

Seventy~-four is the simulated hourly average number of men re-
quired from shop PTl to support the given flying program and number
of aircraft. This number of technicians should be enocugh to meet
almost all requirements. In additiom to the total required, the
matrix output shows that the proper allocation among three 8-hour
shifts should be 14, 12, and 11 crews beginning at 0200 hours. Note

*
that the shifts do not begin at conventional hours.

Iteration Consliderations

Finally, it should be noted that one might doubt that 12 crews
really were needed at 1100 hours, or thatr 11 crews would really make
a difference at 1500, 1700 and 2100 hours., Questions such as this
lead an analyst to conclude that the cost in aircraft downtime might
be very little for a considerable reduction in the number of men.
Since downtime is a constraint upcn sortlie production, the amalyst
also might want to establish the relationship between sortie produc-
tion and given numbers of PT1. The total men, in turn, would need to

be properly allocated among the different shifts,

*
In this case, shifts beginming at 0800 hours would lead to 12,
11 and 14 crews. This is just happenstance; shifts would not generally
turn out to be the same.
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Since there are many possible combinations of shifts and men, the
analyst must use some judgment and knowledge about the operaticn in
setting up iterations. For example, the pile-up of work at 0200 hours
(shown in Fig. 28) may result from given lead times for begimming pre-
flights and uploads for early morning missions; it is assumed that PT1
performs such work., If the resources cannot be shifted or spaced more
evenly, the analyst will be hard pressed to cut back much on that shift.
On the other hand, he would be reluctant to reduce the number of men
on duty during the daylight hours of the flying day. Reducing the last
shift when flights are not required would seem most appropriate.
Actually, such reasoning may or may not be apprepriate, depending upon
the facts. In any event, for illustrative purposes let us assume that
such exercises lead to a shift allocation of 14, 11, and 9, or 34 crews
and 68 men. Remember that all resources depicted would be evaluated
and adjusted at the same time. The Resource Report from a simulation
using this mix shows that am average of 11.333 PTl crews were available
-- 5,876 were idle, and 3.457 were at work. An average of 0.04% crews
were demanded but not available. Analysis of thé corresponding D/NA
matrix (Fig. 31) shows that most queues occurred during the night. The
largest average number of aircraft waiting for PT1 was 7 at 2100 hours.
It happened once in 30 days.

Similar analysis and iterations may continue until the user has
determined the relationships between sortie production and different
numbers of direct maintenance personnel or equipment, as might be
relevant to his problem. The important thing to remember is that the
DAAs o1 queues should be "balanced" as mearly as possible against the
operations requirements. In one case they might be bunched to best
advantage. In another they might be spread over the day as nearly as
possible so that they would hurt the least., Although such an appxocach
may seem to involve many iterations, two or three often are sufficient,
egpecially when one is thoroughly familiar with the operations require-
ments, priorities, and associated maintemance parameters and events.

In some cases, one may be interested only in the requirements for one
or two shops or pieces of equipment given scome fixed set of other

Tesources.
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SORTIE CAPABILITY AND RESCURCE REQUIREMENTS

Although the following illustrations focus attention on two shops,
they are directed toward use of the model to examine the broader ques-
tion of the relationship between levels of sortie capability and specific
resource requirements. Beginning at some minimum 1evel* of sorties per
aircraft per day, how many men should be added to support successive
higher levels up to the maximum level the unit can attain for the
given conditions? One might begin at either end of the level spectrum,
but our previous examples suggest that we have defined both the maximum
(unlimited manpower) and one level below it (74 men reduced to 68).
These two peints are plotted on Fig. 32 as maximum and level 5, respec-
tively, It is assumed that all simulations providing relationships
for constructing such curves would be based upon the same assumptions
and general schedule of requirements.

As the reader will note, the maximum level extends horizontally
to the right. In other woxrds, additional PT1 personnel beyond 74 would
not provide more sorties, Of course, simulations based upon othex
assumptions and conditions might show either more or less maximum sortie
capability. The 5-level point shows conly a slight reduction in sortie
capability. By the time the number of PT1l personnel is reduced to 36
(approximating the average number, 34, reflected in the Resource Report),
the curve is beginning to plunge downward almost vertically.

Although these kinds of curves may be developed for all resources,

it is important to understand that they also are a function of ope

another within the complete set of relatiopships. Shop manning re-

quirements for different levels of capability are not established

one-by-one, but rather are determined in combination with other

*The "minimum'' may be a function of several considerationms. For
present purposes, let it be considered the basic "buy-in" level of
resources, i.e., at least one unit of each different kind of specialist,
equipment, facility, etc. Levels of sorties per aircraft per day are
used to avoid idemtifying any sortie-capability potentials that are
classified planning factors.
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NOTE: All levels from maximum to minimum are fo
scale and are shown in proper relatienship.

Number of men

Fig. 32 -- Sortie capability and shop mamning relationships (PT1)
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resources. Moreover, cne should not expect the different curves of
requirements for other shops {(or equipment) to have similar shapes.
Other resources may be subject to other considerations determining
the number required to support given operationas. Figure 33 illustrates

both differences in the curves and such additional considerations.

Resogurce Requirement Relatiounships

Observe that the curve for PT2 is considerably different from
that for PTL. It shows a sharper break or “knee” at level 4 and the
percentage reductions from the fully manned levels are considerably
different. For example, the corresponding percentage reductions for
level 4 are about 30 percent for PT1l and 72 percent for PT2. At level
5 the comparison is about 8 and 46 percent, respectively. Although
sortie levels 2, 3, and 4 show the same manning for PTZ, the manning
for PT1 is reduced in each case. Even at level 2, however, the per-
centage reduction for PT2 (73 percent) exceeds that for PTl (43 percent)
by about 30 percentage points. At the minimum level, manning has heen
reduced significantly for both shops. PT1 now has only 36 men ox
about half the number required to support the maximum sortie level.

On the other hand, the number of men in the PT2 shop has been reduced
to 6 or only 18 percent of those required at the maximum sortie level.
Some differences in the two curves are due to differences in
demand probabilities and repair times. For example, foxr some missiocns
PT1 was demanded 44 times tc every demand for PT2; on another type of

misgion the ratioc was only 4 to 1. On the other hand, the average
repair time for PTl was one-half as long for one mission and slightly
longer than that for PT2 for another mission. Reasons for the differ-
ences are the variations in crew sizes and the '"best mix" judgments
for the different sortie-capability levels.

The crew size for PTl was 2 men; 3 men are required to de PT2
repairs. At sortie level 4, a veview of Resource Repeorts and D/NA
matrix outputs indicates that substantial queues would develop in

case of further reductions in PT2 manpower, That is, it seemed
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NOTE: All levels from maximum to minimum are to
scale and are shown in proper relationship.
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advisable to man each shift with one crew of 3 men. BReducing two
crews and 6 men, and accepting queues over an entire shift did not

seem appropriate until the minimum sortie level was reached.

Resource Mix Considerations

In fact, the minimum operations level brings into focus other
best mix considerations., Prior to this level, the objective for each
gsortie level was to find the mix of resources that resulted in no shop
being either undermanned (worse than others) or overmanned (relative
to all others). At the minimum soxtie level, additional comsideratiouns
mist be taken into account. PTl men are crew chiefs and assistants;

hence, it is important for ajrcraft-management reasons that there be

at least one crew chief and assistant for each aircraft. Obviously,

the different crew-chief pairs will need to help one another when the
work requires it, but it would not make sense to reduce the number

below the total aircraft the unit possesses. " On the other hand, PTZ men
are engine mechamics. Although they are not required for gngine-
management reasons like crew chiefs are for aircraft, they are essen-
tial enough to cperations so that there should be at least two crews

in order to avoid excessive downtimes for lack of support,

It should be obvious at this point that SAMSOM simulations to
estimate resource requirements may take into account many factors.
Some are straightforward amalysis of model outputs; others involve
common sense considerations about the total system and the objectives
of the analysis; the latter may affect inputs.*

After the user successfully simulates a series of iterations
wherein he establishes a satisfactory best mix of resources, he will

be able to produce a tradeoff curve between sortie-capability and

*If the user is unhappy with this, let him reflect upon the
following: All such models are subject to the same qualifications;
analytic "solutions" to these kinds of questions are even less
perfect in their ability to handle interactions, interrelationships
and complex objectives, i.e., total system consideratioms.
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malntenance manpower similar to that illustrated in Fig. 34. This
curve should be interpreted as a composite for all shops, including
PT1 and 2, for the given unit (18 aircraft) and the operations schedule
of requirements previously reviewed. At the lower levels of sortie
production activity, relatively few men add comnsiderably to capability.
Beyond level 5, however, more men add very little to sortie capability.
As already discussed in counection with PT1, more manpower beyond that
associated with the maximum will not improve unit capability; they
would be wasted.

Given appropriate data identified in connection with the various
inputs, the SAMSOM model can be used to develop such curves for any

aircraft, and for various operations requirements and postures.

RESOURCE UTILIZATION ANALYSIS

It should be noted that even though the model provides information
on resource utilization, we have not demonstrated its use for project-
ing utilization rates as a means to determine resource requirements.

The reasom ig simple -- utilization rates are not proper criteria for
determining manpower or equipment requirements. Figure 35 illustrates
the disparity between utilization rates for the two shops previocusly

examined.

Resource Utilization Percentageg Vary Widely

As Fig. 35 shows, utilization rates for correspounding sortie
production levels may vary by factors of 2 to 1, depending upon the

* ..
sortie level, At the maximum level, crew chief utilization was

*Since the rate is the ratioc of available manpower to that
actually used, it theoretically would be possible to "stack the cards®
in favor of higher availability to show a "low"” rate. At the maximum
sortie level, this could not be done because "available' equals the
maximum number required to meet all demands. At lower levels of activ-
ity the cbjective is a balanced set of resources; hence Mstacking®
would cause the shop to be overmanned relative to others,
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NOTE: All levels from maximum to minimum are to
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46 percent, more than twice the 20 percent shown for the engine mechan-
Lcs. As one proceeds from sortie level maximum down to level 3, the
ratio between utilization narrows somewhat, finally reaching 64 and 36,
respectively. At the minimum sortie level, however, their utilization
percentages are approximately equal.

. This latter turnm of events is even more important than the 2 to 1
difference between their utilization rates for the other activity levels.
Lt shows that there may be some peak utilization rate that any given
shop may be unable to exceed.* Although such a point was not identifled
for engine mechanics in thlis set of simulations, Lt occurs at about 65
percent for the crew chlefs. At the minimum level of sortie production,

the rate for the crew chiefs drops dramatically back to about 44 per-

cent.

Utilization Rollover Phenomencn

Further evidence of this phenomenon i{s illustrated in the composite
utilization rates shown in Fig. 36. Note that the compoaite or average
utilization rate begins at about 23 percent for the maximum sortie
level, {ncreases to about 45 percent for levels 2, 3 and 4, and rolls
over to about 33 percent at the minimum level. The explanation of thie
rollover is as follows: Fewer crews create larger queues which cut
down availability of aircraft for fiying which, in turn, reduces the
demand for men to maintain the airecraft, thus causing the men to do
less work.

The purpose of this illustration has been to indicate that man-
power requirements are not readily reflected by such general utiliza-
tion factors. Factors may differ significantly among the different
ghops. Their use also fails in a general sense, because utilizatiom
rates are a function of where on its sortile-capability curve a unit

is operating. Finally, the percentages foumd in these simulations

*Although the example refers only to direct maintenance require-
ments, the principal holds true for any mix of direct and indirect
requirements the same unit generates. In general, the larger the unit
(wing versus squadron) the higher the possible utilization rate.
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indicate that a relatively low resource utilization percentage should
be expected from small, independent units. Air Force management should
not expect these units to show manpower (or equipment) utilization

factors much above 50 percent, even when indirect shop-repair workloads

are taken into account. In fact, the accurate utilization rates from

adequately-manned units flying relatively low flying programs should
be expected to be even lower than those indicated in this analysis,
Although indirect workloads (off equipment) vary from shop to shop,
analyses of AFM 66-1 data by Hq USAF indicate that about 6.5 percent
of the maintenance man-hours reported under that system are identified
with such shop work, and the data base used for these calculations
does not include support-general workload which is a substantial per-

centage of the total workload for many shops.

SAMSOM SIMULATION CONSTRAINTS

The foregoing discussion has emphasized some of the capabilities
and potential usefulness of the SAMSOM model. Like all other manage-
ment tools, ii must be used with care, especially when any given simu-
laticn objective may be pressing the state of the art or limitations
of the model. Therefore, users are cautioned to recognize the scope
of the model and its constraints in setting up their simulation. The
following discussion attempts to highlight the more important consider-
ations, including some constxaints previously discussed in connection
with specific inputs, model logic, and output products.

Computer Constraints

The first consideration is computer limitatioms. The model runs
on the IBM 7040-7044 installation at RAND and on the IBM 7090/7094
installation at Wright -Patterson AFB (Reﬁearch-Technology Division of
AFSC) and at Hq USAF in Washington, D;E; The model can be implemented
on any computer system with SIMSCRIPT 1 or 1.5 capability and with
at least 32K core storage. Many computers accept SIMSCRIPT and have
more than 32K, e.g., Univac 1107, CDC 3600.



=167~

Core requirements for the SAMSOM program, SIMSCRIPT system,
and the computer software system are sufficient to restrict problem
size. Additional information is available on these restrictlons in

the Programmer's Gulde; users are cautioned that any combination of

several bases, alrcraft, routes, and associated maintenance parameters
(system break rates and work center repair times) soon adds up to many
inputs, so many that the user may want to reexamine the model's initial-
ization parameters that establish the limits upon such ftems. To date,
the largest program successfully simulated on the RAND installation
involved 7 bases, l aircraft type, 2 routes, and 252 different mainte-
nance parameters. '

Because simulation requirements vary so much from problem to
problem, it is difficult to estimate computer time. In addition, runm
time will differ for the same problem at different installations.
However, a reasonable spectrum of time ranges from about 10 minutes
for short 15-day simulations for about 18 to 20 ailrcraft, including
some operations outputs, to about 10 hours for a multi-base operation
lavolving 70 to 100 aircraft for 30 to 60 days of intensive activity,
especially when a complete set of outputs is required involving several
resources and misgions. In general, useful simulations and outputs
may be obtained in about an hour, and even wing-sized, 30-day operations
may be simulated in 2 to 3 hours. A complete set of outputs is seldom
required for all simulations in a set. In some cases, simple iterations
may requiré only one output report and thus require only the time to
simulate the problem. However, output requirements often take more

time than actual simulation.

Supply Simulation Constraints

As discussed previously, supply requirements, Lnventory policy,
and related considerations are not provided for im SAMSOM II. At best,
the model takes Lnto account assumptions (or actual data) about the

probability of not having a part and how-long it takes to get it.
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Together, these two parameters may be used to represent NORS conditions
and rates, but the user is caﬁtioned to remember that such delays
(queues for lack of parts) are not generated as a function of supply
inventory, recrder, and stockage policy. They only reflect the stock-
out probabilities and delivery-time distributions used as simulation
inputs. They will reflect randem variation’about such parameters, but
not their relationship to cannibalization, shop repalr priorities,
depot fill rates, ete., all of whicﬁ.affect maintenance capability and

sortie-production.

Shop Repair Workloads

Similarly, SAMSOM does not directly accommodate the interactions
between supply policy and direct maintemance requiréments and shop
repairs. Although shop repair workloads can be represented Lln the
model, they cannot be generated by the sorties and inspections actually
achleved In the simulation. Rather, they must be estimated on the
basls of gome appropriate ratioc of shop repairs to expected direct
maintenance workloads. 1In fact, they should be estimated after the
direct maintenance requirements are simulated for some given flying
program. Otherwise, the estimate might not be in the correct ratio.
Adding such workleoad to an otherwise stressed unit obviously weuld
affect its total capability. Another alternative is to represent shop
repalrs as mon-critical requirements. In this case, they will 'rend to
be worked off when the required resources are not busy om critical work.

Such repairs might-be generated by dummy aircraft, flying dummy
sorties orlstanding féilurés;-'ln either'évent, the user could spread
the workload out to suit his purposes. When programmed as noncritical
inputs, repairs tend to fill ocut nonproductive time for resources and
are thus accorded the kind of priority they generally get in the real

worlid.

As the reader will recall, the number of sorties achieved often
will be considerably less than the inputs called for. This would be

especially true when the inputs are deliberately high in order to
"load" the system.
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But to repeat, shop repairs cannot be generated directly as a
function of the total system operations and achieved flying program,
but rather must be generated indirectly by noncritical finputs or
scme other dummy aircraft, mission, or maintemance-activity arrangement.
The final result would not necessarily give a true plcture of their
impact upon and interactions with the flying program even though they
could be handled sv as to properly represent the total workload gener-

ated for any given set of resources.

Mobile Repair Teams and Alrcrew Requirements

Other desirable model attributes have not been anorpo;ated in
SAMSOM IT. It does not include a complete routine for handling mobile
repair teams. It accomplishes only part of the job. The time delay
(Th) that might be assoclated with travel time as the team goes to do
the repalrs can be provided as a part of the given repair time. Related
resources will be tied up and the alrcraft will be down for repair the
proper time even though part of it would be wait time. But, when
repair is completed and the aircraft is available for operations, the
team doing the repair also 18 free. 1In other words, the model does
aot include a routine to withhold team availability while it returns
from the job. Simply lengtheﬁing the job or activating some dummy
maintenance requivement last also keeps the aircraft dewn. Even.resort
‘to a nouncritical dummy maintenance activity would not solve the problem
because there is no way to comnect two such activities directly. A
fix for the "real" activity cannot be tied to a dummy noncritical
requirement representing the "return' of the team. This arrangement
would work only if all fix probabilities were 1.0, which does not seem
to be a likely circumstance. In any event, the moment the aircraft is
launched with noncritical hanging on it, the resources originally tied
to the dummy requirement would be free to work on anything else and
would not travel back to their origia.

The medel does net represent aircrew requirements or in-flight
maintenance. Of course, users may estimate aircrew requirements from

analyzing the gortie launch report or from matrix outputs, but the
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results of such analysis will not be directly accounted for in the
simulation. Similarly, one might estimate in-flight requirements out-
side the model on the basis of achieved sorties. Repairs cannot be

done in the model during flight.

Program Constraipts

Some constraints are built into the model by the way it has been
programmed. For example, the sequence of maintenance activities is
fixed (debriefing, troubleshoot, unscheduled, etc.) and cannot be
changed to represent other sequences or alternative arrangesments. If .
it i3 determined that fueling is first, then it must be identified as
debriefing; otherwise it will be done last if it is input as F§ --
fuel servicing actions. Similarly, if some d%ggiggtiégﬁiéhjédch
as basic poatflight overlaps with unscheduled maintenance, then it
should be properly collapsed under unscheduled maintenance along with
other inputs for unscheduled maintenance. If included in the FS input,
it will be done last, even though in the real world it often overlaps

with unscheduled malntenance activities.

Criticality Constraints

The model handles all maintenance requirements on any given air-
craft on the following basis of priority: critical first, then non-
critical, in the prescribed maintenance-activity sequence, and within
each category first in first out (FIFO). Unlike some models, SAMSOM
IT does not provide the user with options to specify other priority
rulea such as shortest job first, etec. In addition, the model does
not look across aireraft when asasigning resources to do work. Thus,
given a noncritical requirement on ome aireraft and a critical require-
ment on another (both arrived at the same time), the noncritical jedb
may use the last crew and thus cause a critical job to wait. In other
words, SAMSOM neither looks ahead nor preempts work already begun.

The exception for preemption is that noncritical work may be interrupted
if the airecraft is required to meet some priority mission. In this
case, the nomeritical will be postponed and completed when the next

opportunity arises,
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The NRTS routine applies only to ﬁaiﬁtenance types (UM, FS, etc.)
and not to individual systems. The model always returns the aircraft
to the origin of the failure after repairs are completed at another
base. This may or may not be a desirable outcome for a simulation.

Because the model does not look ahead, it may cut off maintenance
that actually would have been generated. This occurs when an alreraft
is preempted from completion of noneritical work associated with any

but the last maintenance activity included in a simulation. The reason

Ls that onece the aircraft moves from one mission (the one generating
the requirements) to another, all records associated with the original
mission are lost. Thus, when the model has not yet worked Lts way
down to maintenance yet to come and the aircraft is preempted and
flown on another sortie, Lt loses all of the original maintenance not
yet begun. At present, the only way to overcome this is to be sure
_that all nomcritical requirements are associated with the last mainte-
nance activity actually used in the given gimulation. This may be FS,
UM, or any other category, but it should be the last in the sequence

activated by inputs for the given simulaticn.

Program Bugs and Errors

Although hundreds of simulations have been completed with SAMSOM

II, it has not been completely debugged. Moreover, it never will be

completely checked out because only one form {Input Form 6) contains

enough input options to require over 90 million simulations to check
out all cembinations. Although users might properly conclude that all
such combinations need not be checked ocut, we assure them that those
which do need proving from among the 8 input forms provide a require-
ment for many hundreds of simulations. (Obviously, all routines have
been tested, but not always in the context of "real” problems.) Even
then, there is some chance that a peculiar set of events will cause
the model to print out error messages and/or produce "strange" results.
For this reason users should not be surprised when any new use of
the model generates error messages or problems, some of which may be

ln the program. This statement should not be alarming. Any other
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model as general and flexible as SAMSOM II facea the same kind of
checkout problems. The larger it is, and the more capabtlity and
Elexibility it possesses, the more likely is it pot to be checked out
for all applicatiouns. .

Needless to say when such events occur, RAND or other experieneed
ugsers will endeavor to help the new user solve his problem. If it is
a result of program errors we will make the necessary corrections and

notify all users on the RAND list of their coateat.

DATA REQUIREMENTS

Data manipulation and inputs are separate and complete subjects
themselves, However, a few remarks may help users understand some
congiderations important to the model. 1SéHSOMiII is driven by sorties,
ground aborts, flying, and OR time. Sorties generate most maintenance,
standing fallures generate some, and flying time generates {uspection
workloads., Thus, the model is heavily oriented toward sorties as the
prime unlt of streds. So most data and model inputs must be developed

in terms of sorties.

Sortie Orientation

Specifically, system breakrates or failure probabilities and work
center (shop) demand probabilities must be related to the sortie, not
some function of flying hours. Therefore, all engineering estimates
or other data stated in terms of probabilities per 1000 flying hours,
MTBF, e:c., must be appropriately converted to fallures or demands per
sortie.

Our ratfonale for buildinéithe model this way i1s based upon several
studies during the past decade which indicate that the sortie is a

better unit of stress and Ls more nearly the generator of maintenance

*
The user must decide what sortie-length is Lntended or assumed
in the estimates.
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requirements than other measures.* Obviously, there are some excep=-
tions, but in the main unscheduled maintenance appears more related
to the sortie than to flying time.

Because the model is programmed this way, supply requirements and
inputs, equipment demands, and all related parameters triggered by
unacheduled maintenance must be collected or converted to reflect their
sortie relationship. Of course, periodic and hourly postflight inspec-
tions and standing failures, and their associated supply and eguipment

requirements must be related to the proper unit of flying or ready time,

Deferred Maintenance

Although sorties generate all unscheduled maintenance in the model,
the inputs may be developed to take into account the common practice
of delaying noncritical requirements until some later time., This may
be handled in two ways. First, sorties flown during the early part
of the day tend to '"cause" fewer failures than the last sortie of the
day. Similarly, there is some evidence that tramnsport aircraft tend
to break more oftenm at certain bases such as Tachikawa, Honolulu, ete.,
and on the last leg of missions involving multiple stops.**** Given

either kind of phenomenon, users may set up different missions in the

*R. S. La Vallee and D. S. Stoller, Factors Affecting Malfunction
Rates of F-86F and F-86D Aircraft, The RAND Corporation, RM-1790,
September 1956. .

W. H. McGlothlin and T. S. Denaldson, Trends in Aircraft Mainte-
nance Reguirements, The RAND Corporation, RM-4049-PR, June 1964.

**Although we are unaware of any study that proves inspection is
a function of accumulated flying hours, we have accepted conventional
inspection practice and policy that uses flying time and generates
workload accordingly.

Although common practice in fact, current Air Force data do
not provide adequate information to identify and quantify it.

Fekdeke
Unpublished RAND analysis of C-130 TACKDOWN data collected
by the Tactical Air Command at Pope AFB in 1965.
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desired ratic and let the last sortie generate more malntenance than
the first, second, ete. Although this approach is valid, it must be
used with care and should be carefully explained:tf the ratios used
In a simulation differ from those that the data reflect.

Second, given the above kind of data identifications, special
information on the proper division between critical and noneritical
requirements, or estimates thereof, users may exercise the noncritical
routine in the model and postpone noncritical requirements untll the
demanded resources are avallable to do the work. Even though simulated
sorties would geﬁerate these requirements, they might be worked off

as 1f they were not related to them.

Elagsed'Regair Time

The model does not accept man-hour data. It accounts for manpower
ln real-life terms of crews and elapsed repair or inspection times.
In other words, it is coucerned with the rate through time at which
manpower {s used. Since aircraft downtime Ls the most important unit
of time In the model, it is necessary to model resource requirements
using the same basic unit -- elapsed time, For this reason, SAMSOM
nelther accepts man-hour inputs nor provides man-hour outputs. Users
may compute man-hours outside of the model, however, using ﬁhe averages
aud appropriate periods of time shown in the Resbu;gg_ﬁpg_Mggrix'Reports.

This attribute of the model also means that routime Alr Féiée-"-.
man-hour datz collected and reported under the current AFM 66-1 system
are not very useful as a source of”model inputs;* The primary reasons
are that: (1) the system collects neither elapsed time nor crew sizes
to permit one to compute the other parameter, and (2) the data are
aggregated on a dally basis thereby making it impossible to relate
them to individual sorties. Although several prime contractors have
used these data with mixed successes, RAND efforts have not been very

successful. We have found EhéE_;ﬁgélal data collection efforts were

#*

An Alr Force Study Group currently studying the AFM 66-1 Mainte-
nance Management System has indicated that it may be changed in the near
future fo provide more useful data than now available from it.
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the only source of acceptable data on breakrates and repair-time

distributions.

Copcurrent Maintenance Conflicts

The model provides a means to establish conflicts between systems.
The purpose is to represent power-om, power-off, access, button-up,
safety, and similar requirements that prohibit concurrent sequen-
tial support actions. It algo allows the user to limit the total men
or, depending upon the way Lnputs are used and interpreted, crews that
can work on any single aircraft at the same time. Both constraints
are realistic, but current data do not provide a very solid base for
deriving the proper relationships. Some conflicts will be routine
practice and reasonably easy to estimate. The only source of informa-
tion we know of providing data on the maximum number of personnel which
do or can work om an aircraft at one time is the data from an augmented
AFM 66-1 data system which has been used for several tests and exer-
cises during the past few years.”

Al though the model has capabllity to handle these constraints
that prevent concurrent maintenance, its basic procedures cause all
maintenance in any glven activity (UM, FS, etc.) to proceed simulta-
neously, unless constrained as above. As the reader will reecall,
maintenance tasks also may be done sequentially by using the seqﬁence
codes. In addition, queue situations may develop that would cause
them to be worked off at some iater time. On the other hand, the model
does not contain a means to force selected maintenance to cccur Logether.
This may be a limitation for some simulationé, the model ig passive in
this role. Unless constralned, similar kinds of maintenance occur
simultaneously; but there is no way to make maintenance events happen

when something else 1s being done which they nommally accompany. Of

*The reference is the TAC/RAND Maintenance Data Collection and
Analysis System begun at Oxnard AFB and further developed at Williams,
MacDill and Seymour-Johnson Air Force Bases and ugsed for varying periods
of time. This system also was used in the TACKDOWN, SPARROW HAWK,
SKOSHI TIGER, and RAPID ROGER tests. A similar, but not i{dentical,
system was used at Rlichards-Gebaur AFB. Another containing most of
the essential elements and more on depot support Ls being used in the
LOGGY SORT project. Another version of the system also was used to
collect the data during COMBAT SAMPLE.
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course, all events that occur every time, l.e., are generated from
a probability of 1.0, do occur together (unless prevented by queues or

some other constraint).

Pallure Model Depeudencies

Although the model assumes mutual Lndepeandence among all failures
on an aircraft for any given maintenance activity, some eventa may
be dependent in some way. Besides this possibility there is the
thance that data may be manipulated and aggregated for some combination
of activities and operations so that it.éreates apparent dependencies.
An example would be a situation where unscheduled maintenance data
are combined with basic postflights. The case has been observed where
the overall probability of unscheduled maintenance ig small (0.25),
and the relative occurrence of basic postflight is larger (0.65).
Review of the joint occurrence of these two events in an_aggregation
containing both indicates statistical dependence within the aggregation,
Statlistically they are "dependent." But, in fact, they just happened
that way because postflight requirements were done along with unsched-
uled maintenance requirements. Neither caused the other.

Unfortunately, the simulation problem does not end with this know=-
ledge.* The model includes no clear and easy solution. If demands for
separate shops are used for inputs** as if thé demands were mutually
independent, tha total probability that at least one gshop will be

. demanded causes the aircraft to be down for repairs either more or

*
Users should be aware that other models also may epcounter this
problem.

**In'SAMSOH'II, this is a very common and practical way to stim-
ulate many operations. It Is the most ecomomical mode for minimizing
computer time and provides excellent results in terms of resource
support requirements.
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less often than might be observed in the original data.* In other
words, treating events that are statistically, if not inm fact, dependent
in a set of data as though they were lndependent causes their joint
occurrence in simulations to differ from what the data might reflect.

It should be understood, however, that such treatment does not cauge
serious error in the total demand for men from the different shops.
Personnel will be demanded appropriately and thus accurately reflect
resource requirements. 3But rthey would not be demanded in the same
relationship (pairs, triplets, etc.) one to another as reflected Ln

the original data.

Although the complete Impact of this problem upon simulated alr-
craft downtime is not known because it is intertwined with so many
other interrelationships, it is thought to be relatively insignificant.
In some instances a dominating shop, such as crew chief, which has a
high demand probability, may tend to produce more aireraft downtime
than would be expected, On the other hand, the model can accommodate
system conflicts when known, and thereby avoid some teundency toward

less downtime.

*If maintenance events that always actually occur together are
treated in the simulation as separate, independent events, i.e., as
randomly generated single events, their impact would be to cause more
simulated aircraft downtime than would be encountered in the real worlid.
On the other hand, if maintenance events that never occur together are
treated as separate, independent events, their impact would be to
cause less aircraft downtime than would be found in the actual data.

At the present time, we do not have a complete explanation of what
happens for different sets of probabilities between these two bounds.
We are exploring a way to overcome the problem when using actual data,
but the solution requires additional changes in the current SAMSOM II
program and the corresponding data processing routines,

In the future it also may be possible to modify the simulation
program to use input data that explicitly account for joint breakrates.
Theoretically, if there are N work centers, there are = 2N - 1 distinct
subsets of the N work centers that may be considered (given that at
least one center is required). For example, if A indicates work center
"A" i3 in a subset and A indicates that "A" is not in the subset then
if there are three work centers 4, B and G, the 2° - 1 =7 subsets of
work centers are ABC, ABC, ABC, ABC, ABC, ABC and ABC. If N = 15,
there would be 32,767 (2]‘5 - 1) subsets of work centers to examine.

Of course, this would not be feasible. What might be done, however,
would be to consider only all pairs of work cemters. For N = 15, this
\_ 15! 15 x 14 '

amounts to (1)==

5 13027 ~ > = 105 pairs.
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Juat how all of these interrelated events "work out" in our
efforts to bridge the gap from the real to the simulated world Ls not
subject to very precise measurements and analysis, Therefore, it {a
suggested that users carefully examine all hierarchies of maintenance
types, tasks, and resources, that events establish on Input Form 6.
The way these different kinds of events aud relationships are estab-
ligshed may, in fact, set up series of conditional probabilities that
were neither intended nor actually observed in the data. This general
precaution should include a review of the inputs to insure that: (1)
the strings of probabilities used agree with their counterparts in the
data or estimates, and (2) their total overall impact is that actually
Intended. TIn general, identifying breakrates.in terms of the shops
or work centers rather than systems is less complex and less likely
to introduce errors. Users should mot shy away from the system orien-
tatfon, however, if it is important to their simulatiom objectives.

In fact, the model accepts both orientations'éimultaﬁeously; the actual
choice would depend upon theé data and objectives. The shop orientation
divides the aircraft into "systems" reflecting the demand for each

of the different work centers or resources, The system orienktatiom
divides the aircraft into conventional AFM 66-1 systems such as air-
frame, engine, etc., or convenlent aggregations thereof, and then
agsociates the different work centers and resource requirements with

the separate systems. i

SUMMARY OF MODEL CAPARILITIES

In summary,_SAﬁéOM IT is a geﬁeral, flexible Monte Carlo model
that simulates single and multiple unit (flights, squadrons, wings,
etc.) capablilities for varying numbers of aircraft. It can be used
to determine sortie-generation, alert, and readiness combinations
for varying operations requirements or schedules. Given a set of
support resources, it will simulate operations capability. Or, given
a set of operations requirements and policies, it will simulate the

resources required to support the operations.



=179~

SAMSOM IT is activated by sorties, ground aborts, flying hours,
and accumulated operational ready time; takes into account specific
sortie schedules, make-up policies, maintenance parameters, shift
scheduling practices, and queue aituations or other work delays; and
provides a wide range of outputs depicting operations results for
further analysis. The model is written in SIMSCRIPT I and at present
runs only on IBM 7044, 7090, or 7094 computer installatioms. There-
fore, it is limited by their 32K core storages. It may be reprograﬁmed ;
in SIMSCRIPT 1.5 and/or II to runm on other computers to gain the advan-
tage of larger memories and thus permit even larger simulatioms.

It is not a simple model, but it has been used extensively by
both RAND and Air Force perasonnel to succesafully simulate several
kinds of Air Force operations. Tts largest application was to examine
about 100 cases of alternative operational postures involving Tactical
Air Command fighter operations. It also has been used in RAND to
simulate various kinds of operations for several fighterxs and C-130
transports. Given useful data or reasonable estimates, it may be
used to examine a wide range of management questions ranging from a
gimple determination of an aircraft's sortie-generation capability
to a complex determination of the impact of "n" fewer resources or
the gains from "n" more resources.

Although the model will accommodate some examination of supply
parameters, shop repairs, and other indirect support requirements,
it was designed to focus attention upon the more important part of
the management problem -~ direct support that directly affects opera-
tions. Although it will not simulate all kinds of operations, in its
own demain, SAMSOM II is a ?owerful management tool for examining

aircraft capabilities and logistic support requirements,
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Appendix A

SAMSOM II RUNNING INSTRUCTIONS

The SAMSOM II Running Deck consists of three sets of information:
input initialization cards, simylation inputs and output request cards.
Some control cards peculiar to the RAND IBM 7040-7044 installation (§ in
Col. 1) are included in the Running Deck Listing given in this Appendix.
It ig asgumed a similar deck will be available for other computer instal-
lationg. Simulation inmputs are described in Sec. III and illustrated
in Appendix B. Output request cards are discussed in Sec. IV and illus-
trated in Appendix D. Given a set of inputs and outpﬁt request carda,
the user should be able to simulate his problems by inserting the inputs
and output request cards in the appropriate places in the Running Deck

and submitting it to the computer along with appropriate SAMS(M II

program tapes described in the Programmer's Guide.

The following running instructions are orgauizéd to fit the card
sequence shown in the SAMSOM Running Deck Listing. Some instructions
pertaining to individual cards such as $J@B cards are unique to the
RAND computer installations; others are more general and should apply
to other installations.

The first card in the Running Deck (See p. 187) is a $J¢B card
that the user fills out for each simulation he submits to the RAND
computer. The next 9 cards are $CL@SE cards closing all units the
model uses, The tenth card is a $IBJ@B card that calls for the begin~
ning of the Input Program. Card eleven, $RELYAD, immediately follows
it and calls the Input Program from the SAMSOM II program tape and
loads it into the core. The twelfth card is a System Specification
Card that indicates the total arrays (107) the Input Program uses,
and the random roct. The succeeding input initialization cards are
a set of parameter values of the model’'s various arrays for all simu~
lations accomplished using the Running Deck.

Entries in Cols. 67-80 on all initialization cards identify the
parameters for which values have been given., For example, card 36 sets
the number of bases in this Running DPeck at 5., The different initiali-

zation parameters may be changed to fit the user's need as explained in
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the initialization procedures in the Programmer's Guide. These param-

eters may vary with different sets of inputs and should be carefully
considered before submitting the simulation to the computer.

Following the initialization cards is a card that reads "1" and
PLACE INPUT DATA BEHIND THIS CARD. It shows the user where completed
input cards are placed in the Running Deck. The user is cautioned to
check the following items.

1. Input form numbers should appear in Col. 5 or all imput

data cards.

2. All input data cards having the same form number should
be grouped together.

3. Each group of input data cards should be preceded by a
card identifying the form number in Col. 3 and the
simulation in Cols. 66 to 71.

4, The TIME TO END THE SIMULATION should be entered on Input
Form 6, Cols., 65 to 72.
Following the input data cards is a card reading 19999. This card is
a S5IMSCRIPT requirement insuring that the input program runs to com-
pletion. The next card, $IBSYS, ends the program's input section.

The card reading $IBJPB SAMSPM NYS@URCE begins the execution
program, while the SRELPAD card immediately following it calls the
execution program from the SAMSOM II program'tape mounted on UB7,

The next card, which reads "1" {n Col. 1, is a STMSCRIPT initializa-
tion card that sets the number of axrays for the execution program at
58.* The "4'" on this card indicates that the execution initialization
cards are read from F@RTRAN logical unit 4, and the "15" indicates
that the exogenous events tape is on logical unit 15. The $IBSYS

card ends the execution gection of the program.

The card reading $IBJPB EDIT begins the opticnal edit phase of
processing. The‘sREL@AD control card calls the edit program into
core storage. The next card indicates these nondump reports that will
be requegted during the output phase of processing. If all nondump
reports are to be requested, leave Cols. 1-7 blank. If net, then
a nenblank character should be punched in the column corresponding

to the particular report.

*This array number set for the execution section of the program
represents permanent entities and attributes and capnot be changed.
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Report 1 Col. 1
Repert 2 Col. 2
Report 3 Col. 3
Report & Col. 4
Report 7 Col. 5
Report 8 Col. 6
Report 9 Col. 7
Report 11 Col. 2

Employing the edit phase can decrease the time the output phase
consumes to produce reports. If three or more types of report are re-
quested, or if a large number of reports of the same type are requested,
then the edit phase should be employed. Its employment can save as

. much as 50 percent of computer time. When using the edit program,
the output program must be so informed. There is a card in the cutput
program running deck that says, PLACE OUTPUTS BEHIND THIS CARD.
If the edit phase is employed, then the first six columns of this card
should be nomblank.

The card reading $IBJ@B QUTPUT N@SOURCE begins the execution pro-
gram, while the $REL@AD card calls the output program from the SAMSOM
II program tape mounted on U07. The next card with a "1" in Col. 1
is a SIMSCRIPT initialization card that sets the array for the output
program at,l44-*'The "14" on this card {ndicates that the output initial-
_ization'cards are tead from logical unit 14. The following card reads
PLACE OUTPUT DATA BEHIND THIS carp.™ Output request cards are placed
behind this card and in front of the card reading PLACE OUTPUT DATA IN
FRONT OF THIS CARD. The user is cautioned to check the following

items :

1. The report number should appear in Cols. 1 and 2 on all
output request cards.

This array number set for the output section of the program
represents permanent entities and attributes and cannot be changed.

If this card has an entry in Cols. 1-6, it indicates that
auxiliary transaction tapes are being used. A discussion of auxiliary

tapes and their use is contained in "The Output Program'" section of
the Programmer's Guide.
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2. All output request cards of the same number should be
grouped together.

3. If output request card 9 is being used, it must be pre-
ceded by a Header card (the form number must appear in
Col. 2 and the simulation identification must appear in
Cols, 66-71) and followed by a blank (trailer) cazd.
The $IBSYS card ends the output section of the program, and the two
$CLPSE cards rewind the SAMSOM II program tape mounted on U07 and the
transactiéns tape mounted on Y06,
The listing on p. 187 is a sawmple Running Deck currently in use
at RAND. Othér decks, incorporating different initialization parameters,
would be equally useful. A more detailed discussion of alternative
parameter values and associated procedures and precautions will be
found in the discussion of initialization procedures in the Programmer's
To generate output as a separate operation after cowpleting a

*
similation, the user must use: (1) the deck of output initialization

cards produced by that simulation, (2) the desired output request cards,
and (3) a SAMSOM II Output Running Deck, As shown below, this Running
Deck contains only six cards, not including the request and initiali-
zation cards. '

The first card {s the $J$B. The next card, $IBJPR, begins the
output program. The SRELPAD card calls the output program from the
SAMSOM II program tape mounted on UO7. Following the SRELPAD card
is the SIMSCRIPT initialization card that sets the number of arrays

OUTPUT RUNNING PECK LISTING

$JOB 3059,0UT-C,M2790,4,0,20,P TAPE 2283 PAL 106
$IBJOB  OUTPUT  NOSOURCE

$RELOAD U07 ,NAME=OUTPUT ,SRCH

1 144

PLACE OUTPUT INTITIALIZATION CARDS BEFORE THIS CARD
PLACE OUTPUT DATA IN FRONT OF THIS CARD

*

Output initializatiom cards, punched during simulation by the
input program, should not be confused with the input initialization
cards that are part of the total Running Deck.
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for the output program at 144.* As previeusly discussed, the next
card, which reads PLACE OUTPUT INITIALIZATION CARDS BEFORE THIS
CARD, may contain optional entries to activate auxiliary tramsaction
tapes** that ecomomize computer time to generate outputs. The deck
of output initialization cards is placed before this card, and the
output request cards are placed before the last card of the Qutput
Running Deck which reads PLACE OUTPUT DATA IN FRONT OF THIS CARD.

ERROR MESSAGES

The SAMSOM II program includes a system for checking input and
other simulation errors. The model not only prints out the error
messages but also states the geverity of the error and, in some cases,
indicates what can be dome to correct them. Table & (p. 189),

SAMSOM II Error Messages, identifies 107 different errors, indicates
the subroutine involved for each, and describes the type of error and
the program's call argument.

The program recognizes three types of errors. First, it recog-
nizes errors beyond the user's control., For example, he may submit
a simulaticn too big to fit on the computer. This type of error causes
the simulation to stop, and SIMSCRIPT prints an error that reads:
MACHINE CAPACITY EXCEEDED AT TIME ... . Such errors may not be
catastrophic, but they may requira the aid of a programmer to delete
subroutines not used for the simulation.

A second type of error message may be regarded merely as a warn-
ing that input values are not what the model expected. For example,
in writing resource work shifts and days, the model expects 24-hour
days and 7-day weeks, and the model will print a warning message
(error numbers 19 and 22 on the following list) 1if it does not get

what it expects. This type of error does not stop the simulation.

*
This array number for the program's output section represents
permanent entities and attributes and cannot be changed.

**Auxiliary tapes and their uges are discussed in "The Output
Program' section of the Programmer's Guide. If auxiliary transaction
tapes are used, i.e., if the edit phase is being empleyed, then the
edit phase control cards must be included in the Running Deck and the
output program must be so informed.
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The third kind of error results from erronecus input data. It
must be corrected before the simulation will run. For example, error
101 specifies that there is an unidentified mission in the inputs that
must be identified before the simulation will be completed.

Finally, it should be noted that while some errors stop the
glmulation, none of them stop the input processing. Thus, one pass

should reveal all simulation input errors.

INTTTALIZATION PROCEDURES

The SAMSOM II program has several built-in error messages which
occur when a given parameter for an entity has not been initializéd
high enough to accommodate a set of inputs. For example, error mes-
sage 38 says TOO MANY BASES, REDEFINE BASE. The user should then
refer to Table 5, Input Program Initialization Variables. BASE has
been initialized at 5, and the error message occurred because the
given set of inputs defined more than five bases. For illustrative
purposes, let us assume that the inputs have defined 10 bases. The
user will see from the table that entity (card) 36 must be changed
as well as cards 37-39, 41, 44, 65 and 75-76. These cards must be
changed to handle the 10 bases. For card 36, a 10 must be punched
in Col, 50, left-adjusted (L, Col. 50); for cards 37-39, 41, 44, 65
and 75-76, a 10 must be punched in Col. 18, right-adjusted (R, Col.
18). The same value for any entity must be punched on all cards
indicated on the table.

When deciding how high to increase the parameter for entities
SYSIM, BASE, TYPAC, MSNSX, MISSN, ST@PS, MPOLY, RS, MREQS, RSREQ,
WLEVL AND NRTSP, the user need only count the cards beginning with
the one immediately preceding the error message and all cards follow-
ing the message. When defining DBS, the value must be as high or
higher than the largest number assigned to a distribution. When
defining DBA, the user should count the number of Form 7 (distribu-
tion) cards, multiply by 4 (4 points per card, usually), and use
that value for initializing DBA.
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Running Deck Listing

$J08 30594 SANSON,#2790,10,100,100,C
$CLOSE S.S5U01
$CLOSE © $.5U02
$CLOSE $.SUC3
$CLOSE S.SUD4
$CLOSE $.SU0S
$CLOSE $.SU07
$CLOSE s.5ucs
SCLOSE $.SU1
$CLOSE 5.5U12
$IBJOB INPUT  NOSOURCE,100P1
SRELOAD UOT7 . NAME=INPUT, SRCH
1 107 11
1 R 15 TAPE1-EX06
2 ) 4 TAPE2-INIT EXE
3 R 14 TAPE3-INIT OUT
4 22 z STORAGE
23 R (A6) BLANK
BLANK CARD
24 R (A6} ALL
AtL
25 R (A6} END
END
26 R 18 STORAGE
27 1 & 18 26 STORAGE
29 R 10 SYSTM- NO. OF
29 1 Z 10 28 SYSNO SYSTEMS
30 ) 12 STATE-TYPES OF
3 1R 12 30 18(A4) STATN MAINT.
ALL OC TS UM FC COTSCOUMCDFCFS LS OL IS
32 n 4 CLASS~-TYPES OF
33 1R 4 32 12042} NARE RESOURCE
PTETPATD
34 R 5 SMISS
35 1R 5 34 12(4A8) SMISN
ALERY ABORT PERGD POSTFYSTAND
36 R s BASE-NO. CF
37 391 1 s 36 BASES
40 & 3 TYPAC-NO. OF
41 1z 5 36 BEFIN
42 431 1 3 40 A/C TYPES
44 2 2 5 36 3 40 NASGN
45 " 100 MSNSX-MAINT.
46 48 1 2 100 as PARAMETERS
49 R 10 MISSN-NO. OF
SO0 531 Z 10 4% PISSIONS
54 " 3 STOPS-NC. OF
55 2 1 9 49 9 54 /4 STOPS ON ROUTE
56 2 7 9 49 9 54 /2 FLYING TIMES
57 2 1 9 49 9§ 5S4 /4 ATTRITION PLLC
58 R 10 MPOLY-NO. OF
S9 611 Z 10 58 _ POLICIES
62 R $0 RS-NO. OF
63 641 I S0 &2 RESOURCES
&5 2 2 5 36 S0 62
6& A 150 MREQS-NO. OF
67 &8 1 I 150 &6 MAINT REQ*MTS
69 2 Z 100 45 10 58 SREQ
70 R 50 RSREG~ND. OF
71 7121 2 S0 70 RES. REG'MTS
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73 2 I 1% &6 10 5 MREQ
™ [} 3 ML EVL-NO. QF
7% 2 1 T 36 2 16 /4 WEATHER LEVELS
16 2 1 T 36 2 14 712 PROBABILITVIES
77 ] 100 pas-NO. OF
T8 1 12 100 77 * DISTRIBUTIONS
79 R 200 DRA=-NO. OF
.1 1 2 200 79 TOTAL ENTRIES
81 82 1
e3 R 16
84 18 16 a3 30412} EX0GS~EXOG.
CCCC01CC00020000C003C40%506070809 EVENY NO*S.
a3 | S 4 10 49
8% 88 4
89 R 1. PROG. AEPORT
9cC 1 2 12 30 FSET?
91 2 1 3 40 12 3 MAXPTY
92 2 I 10 49 12 3¢ RNEED
93 | 12 QELTE
94 I R 13 93 12446} BCDNN
ABO;Y ASSIGNCKATN DIST MAKEUPHPOLCYPRENT RPOOL SCHEDASTANDGWORKDYNRCHE
CFTSY
95 1R 13 9 1/2 14413} USEDG
Q 0 L] o 0 0 0 0 ] 0 0
95 1R 13 93 272 14(1%) CoAus
168 335 484 125 307 116 542 144 212 361 281 258 190
96 4 NRTS
97 R 2 NRTYSP
98 991 1 2 9 ATTRIBUTES
160 ] T STORG
101 1R T 100 14(1%) STORM
4165 487816319 Q 0 139832768
102 R 4 ouTP}
103 1R 4 102 1214A6) ouTP2
MIN MAX AVG ¥OT
104 ] 16 ouTPr3
1C5 1L R 16 104 12(A6} ouTPs
WORKX D/MA  IDLE LAUNCHLANOEDOLOST COMBATABORT OPERATHEATHRTOTAL FLYABL
ALERY READY MAINT AIR
106 2 1 "% 34 12 30
107 1 10 17
BALAMK CARD
i PLACE INPUT DATA BEMIND TKIS CARD
BLANK CARD
19999
$IBSYS
SIAJOB SAMSOM NOSOURCE,.I[OOP]
SRELCAC UCT , NAME=SANSOM, SRCH
1 S8 11 % 15
$1BSYS
$18J08 ED1IY
SRELOAD UOTNAME=EGIT ,SRCH
AMUXILIARY TAPE INPUT CARD
$18SYS
$18J0OB CUTPUT NROSOURCE
SRELUAC UOT :NARE=aQUTPUTy SRCH
1 144 14
X PLACE OQUTPUT REQUESTS BEWIND THIS CARD
ALANK CARD
$IBsSys
SCLOSE S5.5U0L,REMOVE
$CLOSE S.SUOT,RERCVE
$185YS ENDJOR TOTAL NUMBER OF CARDS IN YGUR INPUT DECK
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Table 4

SAMSOM 1II INPUT PROGRAM ERROR MESSAGES

Sub-
No. | routine Description Call Argument
1 | MASTER | Invalid form number. (l,Porm#,0,0)
I3
2 | FORM4 Attrition probability sum greater than 1. (2,P8,0,0)
Dl.3
3 | FGRM4 Illegal replacement code for attrition (3,Ccde,0,0)
policy. I3
4 Error number 4 hasg not been used.
FORM7 Too many distributions, redefine DBA. (5,0,0,0)
FORM7 Distribution defined twice. (6 ,DB#,0,0)
3
7 i FORM7? Toe many distributions. (7,0,0,0)
FORMS {Repeat time), redefine DBS.
8 | FgRM? Distribution sum not equal to 1. (8,DB,S5um, )
13 Dl.3
9 | FORMS First Launch Service time is less thaam 0. (9,0,0,0)
10 | FGRM3 Time for week to go into effect left cff (10,0,0,0)
first card.
11 | FRM3 Caunot recognize resource kind. (1i,Kind,0,0)
A2
12 | FERM3 Resource type omitted. (12,Kind,0,0)
A2
13 | FLITE Digtribution for time between sorties (13,Missicn,DB,0)
equals Q. A6 I3
14 | FGRM3 Hour policy goes into effect left off first| (14,0,0,0)
card.
15 | FRM3 There are not 24 hours in the flying day. {15,0,0,0)
16 | F@RM3 Number of times to repeat flying day (16,0,0,0)
omitted.
17 | FgRM3 Invalid make-up policy. (17,Policy,0,0)
I3
18 | ENDSM Reuting unspecified for a mission. (18,Mission,(,0)
Ab
19 | FeRM3 There are not 24 hours in the working day. | (19,0,0,0)
20 | FERM3 Times to repeat flying day omitted. (20,0,0,0)
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Table 4 =-- Continued

Sub-
No.| routine Description Call Argument
21| FRM3 | Too many distributions (quantity on shift), 1(21,0,0,0)
redefine DBS.
22| FORM3 There are not 7 working days in week. (22,0,0,0)
23} FERM2 Attrition policy associated with take-off (23,0,0,0)
base.
24 | F@RM3 No base for working week. {24,0,0,0)
25] FORM3 Mo resources for working week. (25,0,0,0)
261 WRCHG Distribution for weather duration equals C. ((26,DB,Base,0)
I3 A6
27| FORML Weather levels are not in comsecutive {27,0,0,0)
order.
28| FORMI1 Probability of weather level equals 0. (28,0,0,0)
29| F@RM1 Too many weather levels, must reimitialize (29,0,0,0)
WLEVL.
30| F@RM1 No distribution for weather level. (30,0,0,0
31| F@aM1 Too many distributions (weather level), (31,0,0,0)
redefine DBS.
32| FORMI Sum of weather probabilities not equal (32,5um,0,0)
to 1.
33| FERM1 No base for weather. (33,0,0,0
34| FERM1 No weather levels. (34,0,0,0)
35| FINDS Too many missions, redefine MISSN. (35,0,0,0)
36 | FINDS Too many PTs, redefine RS. (36,0,0,0)
37| F@RML A base defined twice. (37,Base,0,0)
Ab
38| FINDS Too many bases, redefine BASE. (38,0,0,0)
39 This number unused at time of publication.
40| END3M Mission not defined. (40,Mission,C,0)
Ab
41} FERM1 No quantity for an aircraft assignment. (41,0,0,0)
42} FINDS Too many ETs (equip), redefine RS. (42,0,0,0)
43| ENDSM Undefined distribution. {43,0B,0,0)
13
44| FINDS Toc many PAs (parts),-redéfine RS.
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Table 4 -- Continued

Sub-
No. | routine Description €all Argument
45 | FORM3 Not seven days in flying week. (45,0,0,0)
46 This number unused at time of publicationm.
47 | FERM3 No mission for flying week. (47,6,0,0)
48 | F@RM2 More than 1 routing given for a missioen. (48 Mizsion,0,0)
Ab
49 | FORM2 Aireraft type omitted for mission - (49,0,0,0)
description.
50 | FERMS Aireraft type omitted for alert. (50,0,0,0)
51 | FGRM1 Aireraft type omitted for aircraft (51,0,0,0)
asslgnment.
52 | ENDSM Alreraft type not defined. (52,A/¢ type,0,0)
Ab
53 This number unused at time of publication.
54 | FRMS Too many distributions (sortie size), (54,0,0,0)
redefine DBS.
33 FURMS Maximum sortie size less than minimam {55,0,0,0)
- sortie size.
56 | PORM5 | Maximum sortie size equals 0. (56,0,0,0)
57 | F@RM2 Illegal code for pool to fly from. (57,Code,0,0)
I3
58 | FYRMS Launeh-Service upload time for alert A/C. (58,0,0,0)
59 | FGRM2 No flying time given for a loiter mission. (59,0,0,0)
60 | PORM2 Too many distributions (flying hours), (60,0,0,0)
redefine DBS. '
61 | FINDS Too many aircraft, redefine TYPAC. (61,0,0,0)
62 | FORM2 No missioen for routing. (62,0,0,0)
63 | FORM2 No bases fer routing. (63,0,0,0)
64 | FRMZ Last base should have no flying time ro (64,0,0,0)
next base.
65 | FERM2 Mission defined twice. (65,M1asion,0,0)
Ab
66 | FINDS Too many attrition policies, redefine {66,0,0,0)
MPOLY .
&7 | FORM2 Too many distributions (air speed), rede- (67,0,0,0)

fine DBS.
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Table 4 -~ Continued

Sub-
No. | routine Description Call Argument
68 | ENDSM No aircraft at base for mission. (68 ,Base ,Mission,Q)
: Ab
69 | ENDSM An attrition policy not defined. (69,Policy,0,0)
70 | ENDSM An attrition policy is not used. (70,Policy,0,0)
71 | ENDSM A distribution is not used. (71,DB,0,0)
13
72 | FGRM6 Too many distributions (duration), rede- (72,0,0,0)
fine DBS.
73 | F@RM6 Wrong maintenance type, (73,Type,0,0)
Ab
74 | F@RME Probability of system failing equals 0. (74,0,0,0)
75 | FRMA Bad sequence code. (75,Code,0,0)
} 13
76 | F@RMG Cannot recognize kind of resource. (76,Kind ,0,0)
A2
77 j FRMS Too many distributions {resource quantity),| (77,0,0,0)
F@RME redefine DBS.
78 | F@RMA Probability of resource requirement (78,0,0,0)
equals 0,
79 | PERME No resocurce requirements for maintenance (79,0,0,0)
requirements.
80 | FINDS Too many systems, redefine SYSTM. (80,0,0,0)
81 | F@RMSG Bad maintenance description parameters. (81,0,0,0)
82 This number unused at time of publication.
83 | STAND Time to repeat standing failures equal 0. (83,0,0,0)
84 | FGRM2 No aircraft type for standing failures. (84,0,0,
85 | F@RM2 To¢ many distributions, redefine DES. (85,0,0,0)
86 | F@RM2 Probability of failure equals O. (86,0,0,0)
87 | FGRM6 Too many maintenance requirements, rede- (87,0,0,0)
fine MREQS.
88 | F@RM6 Too many missions -- state entries, rede- (88,0,0,0)
fine MSNSX.
39 | FRM2 Too many stope on route, redefine STUPS. (89,0,0,0
90 | LIST Too much maintenance, redefine MPULY. (90,0,0,0)
91| FERMS No system number. (91,0,0,0
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Table 4 =-- Continued

Sub-
No. | routine Description Call Argument
92 { ENDSM NRTS policy used but undefined. {(92,0,0,0)
93 | ENDSM NRTS policy defined but unused. (93,0,0,0)
94 | FINDS Too many NRTS policles, redefine NRTSP. {(94,0,0,0)
95 | F@RMS3 Bad maximum PT card. (95,0,0,0)
96 | FYRMS8 Bad conflicting systems card. (96,0,0,0)
97 | FGRM8 Bad NRTS policy card. (97,0,0,0)
98 | ENDSM Mo routing for mission. (98 ,Mission,0,0)
Ab
99 | FINDS Undefined base. (99 ,Base,0,0)
A6
100 { FINDS Unde fined afrcraft type. (100 ,Atrcraft,0,0)
Ab
101 | FINDS Unde fined mission. (101 ,Mission,0,0)
102 | ENDSM Resource not where needed. (102 ,Kind ,Type,Base)
A2 A3 AS6
103 { ENDSM Divert mission leaves from incorrect base. (193 ,Mission,Base ,Bage)
Bad Good
Ab A6 A6
104 | ENDSM Maximum PT too small. (104,A/C ,Maint ,MaxPT)
105 | ENDSM Mission flies from ready poel since Launth (105,Miasion,0,0)
Service given.
106 | FPRME Too many resource requirements, redefine (106 ,#Resources,l,0)
RSREQ .
107 | FORM7 Distribution probabllities ocut of order. (107 ,DBN,Value)
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Table 5

INPUT PROGRAM INITTALYZATION VARTABLES

Entity | Initial Entity | If Changed, Also
Name Valued Inputs that Entity Limits Nc.? | Change These Cards
SYSTM 10 No. of systems 28 29 (R, Col, 18)
BASE 5 No. of bhases 36 37-39 (R, Col. 18)
41 (R, Col, 18)
44 (R, Col. 18)
65 (R, Col, 18)
75 (R, Col. 18)
_ - 76 (R, Col. 18)
TYPAC 3 No. of A/C types 40 42-43 (R, Col, 18)
44 (R, Col. 28&)
91 (R, Col. 18)
MSNSX 100 No. of unique combinations of 43 46-48 (R, Col. 18)
(BASE/MISSION/MAINT TYPE/ 69 (R, Col. 18)
SYSTEM)
MISSN 10 No. of missicns - 49 50-53 (R, Col, 18)
55 (R, Col. 18)
56 (R, Col. 18)
57 {R, Col. 18}
85 (R, Col. 18)
. 92 (R, Col. 18)
STOPS 3 No. of stops/mission 54 55 (R, Col. 26)
’ 56 (R, Col, 26)
57 (R, Col. 26)
MPOLY 10 | No. of attrition policies 58 159-61 (R, Col. 18)
No. of MREQS/MSNSX 6% (R, Col. 26)
No. of RESRQ/MREQS 73 (R, Col. 26)
RS - 50 No. of rescurces 62 63-64 (R, Col. 18)
65 (R, Col. 26)
MREGQS 150 No. of maintenance reguirements 66 67-68 (R, Col. 18)
{tasks) 73 (R, Col, 18)
RSREQ 30 No. of resource requirements 70 71-72 (R, Col. 18)
{resource kind and type, proba-
bility of need, duraticn,
quantity)
WLEVL 3 No. of weather levels/base 74 75 (R, Col. 26)
76 (R, Col. 26)
DBS 100 ¥Wo. of distribution tables 77 78 (R, Col. 18)
107 (R, Col, 18)
DBA 200 Total no. of points in all 79 80 (R, Col. 18)
tables
NRTSP 1 No. of NRTIS policies 97 98-99 (R, Col. 18}
4These values are only a suggested initialization, They may be varied

to accommodate particular rums.

bWhen changing the values for these entities (cards) the value must be
left-punched (left-adjusted) in Col. 50.
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Appendix B

SUGGESTED INPUT FORMS AND REQUIRED FORMATS

Appendix B includes a suggested copy of all eight inpuﬁ forms,
The forms are suggested but the user may want to use a gemeral card
format without headings or substitute his own set of headings. 1If a
general card format is used, all appropriate entries for all columas
must be as shown on the forms in this Appendix. In addition, these
forms contain summary information and cross-references (Forms and
Columns entries) to help the user prepare a complete set of inputs
for simulating an operation with SAMSOM II. Note that the inputs on
Input Forms 1 through 8 will not provide“outputs from the_qimg}gtion.
Qutputs are obtained by using the Output Request Forms or comparable
output request cards shown in Appendix D.

The following symbols have been given common meanings on all
input forms as follows:

1. An asterisk (*) always denotes that the given column,
field, identity, or set of inputs is optional in the
model or within the given aggregation of inputs,

2. A minus sign (-) in the lower left-hand corner of a field
denotes that a distribution may be used for the entry:
(a) if it is given a number and (b) if it is preceded by
a minus sign. The program recognizes only this symbol as
an instruction to '"go-to distribution n' for the appro-
priate value,

The following abbreviations have been given common meanings on
all input forms as follows:

1, NO. means number.

2. MIN reans minute.

3. MAX means maximuom,

4. PT wmeans persomnel.

5. ET means equipment or facilities.
6. PA means parts.

7. TID means time delay.

8. HR means hour.

9. MN means minimum,

10. QIY means quantity.

11. DBN means distributiem.
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Blanked-out rows (row 1 for each input form) and columns are
meaningful. The only entries permitted in these spaces are the
input form number for each set of inputs. Columms 73 through 80
contain comments or remarks and are not part of the simulation,

They will not be printed on any outputs.

Bageg, aircraft types, and missions should be consistentiy
identified and defined in their respective fields and columns on all
forms. However, maintenance activities (AB@RT, ALERT, PER@D, POSTFT
and STAND) identified in the mission field on Input Form 6 are not

"missions” which have to be identified on other forms.
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Appendix €

MODEL LOGIC SCHEMATIC

Appendix C is a summary flow diagram or schematic depicting the
model’s major elements and interrelationships. It summarizes the
basic loglc and elements, and should help the user understand the
purpose and intent of the wmajor routines., The diagram also shows
how specific inputs fit into the overall model logic, and how selected
outputs are related to simulation procedures. It should not be in-
terpreted as a complete, unambiguous program flow diagram. See Sec.

II1 for a discussion of appropriate schematic interpretations.
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Appendix D

QUTPUT REQUEST FORMS AND QUTPUT FORMATS

Appendix D includes a suggested copy of output request cards
numbered 1 through 11, and the corresponding simulation output or
report formats, General precautions concerning format requirements
and alternative input forms discussed in dppendix B are appropriate
for all output request cards. Symbols and abbreviations are the same
for both sets of forms. The format samples contain summary information
to help users avoid errors and understand the relationships between
the cards and their corresponding reports, The output request cards
list the input forms providing the appropriate names or other infor-
mation for completing the different fields. Sample reports show the
transaction-tape record numbers that are the source of the statistics
reflected in the report.

All output request cards are optionmal. Any or all may be used
to obtain simulation results from the tramsaction tape generated
during the simulation, Different aggregations of output or additional
output may be obtained from the tape if: (1) the data are recorded
thereon now, or (2) the user wishes to amend the execution and output
programs to create the required statistics. Therefore, neither these
output formats nor the sample simulation shown in Appendix E are meant
to exhaust output possibilities. They reflect the output currently
available from the basic SAMSOM II programs.
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Appendix E

SAMSOM II SIMULATION ILLUSTRATION

The following listing of SAMSOM IT gsimulation outputs is from a
simple, but contrived, simulation designed to identify the most-used
inputs and outputs, Some parts of the normal printout have been
truncated to avoid redundancy.

Users may obtain a complete listing of the inputs and outputs
using the input and ocutput request cards included in the illustration.
In fact, it is suggested that users employ the inputs in this illus-
tration as an imitial familiarization experiment. Other inputs for
more complex simulations also should be available from RAND and Airx

Force users.
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Appendix F

TRANSACTION TAPE CONTENTS

The tramsaction tape(s) contains 78§ selected records or trans-
actions and their associated arguments or identities. As many as
seven coded arguments may be shown for each transaction. In some
cases, some arguments will be blank. A table of Transaction Tape
argument codes is included here to aid the user in reading the Cutput
Form 6 Dump Report. Additiocnal information on transaction tape records,

codes, and uses will be found in the Programmer's Guide.
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Table 6
TRANSACTION TAPE CONTENTS'
Tracsaction No./Definition Col. 5 Col. & Col, 7 Col, 8 Col, 9 Col, 10
I Sortie lands at a base Bame no, | Acft type | Miseion no. | Blank Launch ID Ko. landed
2 Acft arrives and goes to maintenance Base no. | Acft type | Miasion no. | Acft tail no. | Blank 1
3 Acft assignad to s base Basa no. | Acft type | Blaok Acft tail no. | Blank 1
& Acft receivas combat damage Base no. | Acft type | Mission ne. |Acft tail no, | Blank |13
5 Acft is loat Bape no, | Acft type | Miasion no, [Acft tail oo. | Blank 1
6 Acft air aborts Base no, | Acft type | Mission no. [Acft tail no. | Blank L
? Sortie acheduled to fly acft in to Baze no. | Acft type | Mission no. [ Blank Launch ID 1
replaca lost or damaged acft
4 Sortie achaduled after mission failure [|Base no, | Acft typs [ Mission pno. § RBlank Launch ID 1
9 Sortie diverted after mimsion failure Base no, | Acfr type | New misaion { Blank 0ld mission |1
ao. no.
10 Sortie destroyed because all acft lost [|Base oo, | Acft type | Miasion no, { Blank Blank 1
Il Acft scheduled for upload for ALERT Base no. | Acft type | Alert (200) |Acft tail no. | Blank 1
pool
12 Actft schedulad for upload for deficit Basa no. | Acft type | Hission no, | Acft tail no. | Blank 1
13 Acft put iate Flyable pool Base no. | Acft typa | Mission oo, | Acfr tail oo, | Blank 1
14 Acft removed from ready pool Base no. | Acft type | Mission no, | Acft tail no. | Blank 1
15 Acft in weintenance releqse from Base no, | Acft typea | Mission no, | Acft tail no. | Blank 1
sortie
16 Acft in flysble has standing fallure Bage no, | Acft cype | Misation no, | Acft tail me. | Mank 1
17 Acft removed from fiyable and assigned [{Base oo, | Acft type | Mission no. | Acft tail no. | Lawach ID 1
to sortie
18 Acft removad from flyable and scheduled |Base no.| Acft type | Misalon no. [ Acft tail no. | Lauoch ID 1
for upload
19 Acft remved from ALFRY and assigned Base no. | Acft type | Mission no, | Acft tail ao. | Launch ID 1
to sortie
20 Acfc downlcaded from pre-emption Bame bo. | Acft type | Mission oo. | Acft tail no, | Blank 1
21 Launch attappted on sortie Bame no. | Acft type | Missfon no, | Blank Lavnch ID Max. scft on
soTtis
22 Sortis launch with =in.--acft Bage no, | Acft type | Miasion mn. { Acfe tail no. | Blank 1
continuas upload
2} Sortis not launched becauss acft Base no. | Acft type | Miesicn no. | Blenk Launch IP Max, acft om
uwot available sortie
24  Sortis put in deficic list (saved) Base po. | Acft type | Mission no. | Blank Launch ID Max. acft on
sortia
25 Acfr not launched because of bad Base no. | Acft type | Mission no. | Blank Blank Mio. acft on
weather soTtie
26 Sortie put in weather deficir listc Base no, | Acfr type | Mission no. | Blank Laynch 1D Max. scft on’
{savad) sortie
27 Sortis cancelled Base no. | Acft type | Mission no. | Blank Launch ID Hax, acft on
sorcie
28 Sortie cancelled because of new Base no. | Acft type | Misslon no. | Blank Launch ID Hax, acft on
makeup palicy sortie
29 Acft in Teady has standing failure Base no. | Acft type | Mianion no. | Acft tail no. | Blank 1
10 End of maintenance—-acft put in Base no, | Acft type | Misaion no. | Acft tail no. | No. ready 1
ready pool for soxtie
31 End of ALERT upload-acft put on ALERT Bage no. [ Acft type | Miawion no. | Acft tail no. | Blank 1
32 Zod of download or failure maintenance (([Base no. | Acft type | Blank Acft tail oo, { Blank 1
33 This tracaaction number has not been
used
J4  Acft previously uploaded 1s assignad Base no. | Acft type | Miasion no. | Acft tail no. | Blank 1
to sortie
353 Acft scheduled for upload for ALERT Baze no. | Acft type | Alert (200) | Acft tail no. | Blank 1
36 End of run Blapk Blank Blank Blank Blaok Blank
37 Acft relesmaed from ALERT becausa Bame po. | Acft type | Alert {200) | Acft tail no. | Blank L
of ALERT aschedule
38 Acft rsleased from upload for ALERT Base no. | Acft type | Alert (200) | Acfr tail no. | Blank 1
becsuse of schedule for ALERT
39 Sorctie launched Base no, | Acft type | Miszion no, | Launch Ib Hext base No. ready

for sortis
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Table 6 -- Continued

Trapsaction No,/Definition Col, 5 Col, & Cal. Col. 8 Col, & Col. 10
40 Acft belongiog to a sortie Ls launched j| Base no.|[ Acft type | Mission no. | Acft tail no. | Next base Launch ID
4] Upload for sortis scheduled to hegin Basa no.| Acft type | Misaion no, | Min. acft on | Blank Max. acft on
sortie sortis
42 Weather clears for sortie Basa no.| Acft type | Missioo no. | Blank Blank Max., acft on
sortie
43 Laftover waiptenance started on Base no,{ Acft type | Mission no. | Acfe tail no. | Mainc, cype |1
uploaded acft
44 Praviously uploaded acft is aseigned Base no.| Acft type | Mission no. | Acft tail no, | Launch ID 1
to sortie
45 Acft has ground abort Base no.| Acft type | Miasion no. | Acft t&il no. | Blank i
46 Acft uploaded after pre-emption Base no.| Acft type | Misaion no, { Acft tail no. | Blank 1L
47 Makeup period change Blank Blank Misaion oo, | Blank 0ld policy | New palicy
48 Weathar change Basa no.| Blank Blank Blank Qld weatheyr | New weather
49 D/NA removed Base no.| Syatem no.] Mission no. | Acft tall no. ;| Resourcs no. | Quantity
50 Reuwource set to work Base no,| System no.| Mission me. | Acft tall no. | Resource no. | Quantity
%1 D/NA aet up Base no,[ System no.| Miseion no. | Acft tail oo, | Resource no. | Quantity
52 End of resource requirement Base no,| Syatem no.| Mission no. | Acft tail no, | Resource no. | Quantity
53 This transaction number has not bean
used
54 Acft removed from flyable pool Base no.|[ Acft type | Mission no. | Acft tail no. | Leunch ID i
55 Resource requiremsnt formed Base no.| System no.| Mizsion no. |Acft tail no. | Resource no. | Blank
56 Work atoppad on resource requirement Base no,.| Syatem no,| Mission no. | Acft tail no. | Resource no. | Quantity
57 Resource won't work without PT Baza no.| System no.| Mission no, | Acft tail no. | Resource no, | Queatity
58 D/NA removed Base no,| System no.| Miasion no, | Acft tail no. | Resource no. | Quantity
59 Rasource eshift change Base no.|{ Blank Blank Resource kind | Rasource no, | Guantity
60 Acft pre-empted frowm ALERYT pool Base no.| Acft type | Alert {200) | Acft tail no. | Missfon no. |1
51 Acft on ready pre-empted from sortia Basa no.| Acft type | Old miswion | Acft tail no. | New mfasion |1
ne. no.
62 Acft pre-empted from upload for sortie | Base no,| Acft type | 0ld mimwion | Acft tail uo, | New miasion 1
0o, ua,
63 Acit pre-empted from maintenance Base no.[ Acft type | Old miseion | Acft tail no, | New mission | 1
’ na. ne.,
64 Acft pra-empted from upload for ALERT Base 0o.| Acft type | Alert (20Q) {Acfr tail no, | Mission no. | 1
65 Sortie destroyed--snd of sortie Base no.| Acff type | Mission no. j BElamk Launch 1D Max. acft on
sortie
56 FPariodics dua Base no.| Acft type { Misaion no. |Acft tail no. | Blank 1
67 Postflights dua Base no.| Acft type ; Mission no. |Acft tall no, | Blank 1
68 ALERT acft has sranding failure Baze no.| Acft type | Alart (200) |Acft tail no. | Blank 1
69 Work needed on a aystem Base no,| Acft type | Misslon no, |Acft tail no. | Maint. type System no.
70 This transaction number hes not been
uned
71 Votrk started on a system Base no,| Acft type | Mission no, |Acft cail no. | Maint., type | System no,
72 This trapsaction number has not been
usaed
73 Work stopped on a aystem Base no.| Acft type | Misaion no, }Acft tail nmo. |Maint. type | System no.
74 This trapsaction oumber has oot been
usad
75 Mork sanded on a system Base no,; Acft type | Mipsion no. |Acft tail no, | Maint, type | Systesm no.
76 This transaction pumber has not besn
uand
77 Conflicting systems Base no.] Acft type | Misaion no, |Acft tail no. | System 1 System 2
78 Maximum PT reachad Base no, | Acft type | Misslon no. jAcft tail no, | Resource no. | Maint., type
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