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Corrections

o page 9 line 10, replace, "maintenance hours per flight
hour", with "mean time to repair", lines 13, 17, 20, 26, 27,
replace, "MHPFH" with "MTTR" .

o page 10 line 4 and 5, replace "MHPFH" with "MTTR" and
"maintenance hours per flight hour" with "mean time to repair",
lines 8, 12, 13, replace "MHPFH" with "MTTR" )

o0 page 62 line 3, replace "MAINT HR/FLIGHT HR" with "MTTR"

o page B-15, line 18, replace "MAINT HR/FLIGHT HR" with
"MTTR"
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PREFACE

This document is the final report of SRI Research Project No. 5411-5,
entitled '"Marine Corps Aircrew Seat Ratio Methodology." SRI initiated
this four-month study in September 1977 for Headquarters, U.S. Marine Corps
under Contract No. N00014-76-C~0963 from the Office of Naval Research., HQMC

project management was provided by DC/S for Aviation.

The study followed the approach described in the SRI Research Proposal
No. EGU 77-123(R), dated 22 June 1977.

Final results of the SRI research are contained in this document.
Included among those results is a complete description and operating
instructions for a computer model chat was developed as an automated aid
for present and future'Marine Corps aircrew,aépzopriation planning. That
model was delivered to HQMC and exercised on the HQMC computer as part of
the study. It is intended for c-ntinued use by Marine Corps planners as

factors significant to aircrew appropriation change.
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I INTRODUCTION

A. Background

In this study, SRI analyzed the factors affecting the numeric alloca-
tion of aircrews to Marine Corps squadrons, and developed a computerized
simulation model as a planning aid that interrelated those factors. The
research was undertaken to improve the effectiveness of previously used
methods of estimation, as well as to provide a consistent, easily used,
and easily updated computer tool. The model that was generated can be

used for each type of fixed- and rotary-wing aircraft squadron in the
Marine Corps inventory.

An important consideration in the development of the planning aid was

the identification of those factors that have the greatest effect on the

aircrew seat ratios. Previous analyses were consulted, and SRI performed

additional sensitivity analyses using the newly developed simulation,

Another important consideration was the usability of the computer tool

for Marine Corps analysts. It was especially desirable not tec liave large

data input requirements or off-line analysis in support of the tool. Close

cooperation was maintained with the Marine Corps sponsor throughout the

research to accommodate these objectives.

Following an iterative process, the most relevant parameters were
established in the model logic of a computer simulation, called the Crew
Management (CREWMAN) Model. The main purpose of the simulation is to
provide a consistent routine for estimating operational requirements for
aircrew appropriation to effectively man aircraft of various types. The
aircrew seat ratio is then defined within the context of the scenario in

the simulation as the effective number of aircrews that are required to

1
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carry out the postulated missions for given aircraft numbers. Numerous
scenario factors and aircrew assignment policy issues are imbedded within

the simulation to closely represent actual operations.

This report presents the description of the CREWMAN model and its .
operating instructions. Section II contains a description of the logic
underlying the CREWMAN formulation. Definitions are presented and major
logic artifices are introduced. Sections III1 and IV present user-oriented
information for using and interpreting the simulation model by describing

the simulation inputs and outputs.

Two appendices complete this report. The first contains a discussion
on some of the practicalities and subtleties of using the model that SRI
discovered during its test. The second appendix contains a detailed defini-
tion of the model structure, program variables, and subroutines. It also

contains a complete program listing.

B. Development Philosophy

The CREWMAN model was developed to provide Marine Aviation with a
methodology that analytically estimates aircrew seat ratios for all tactical
fixed- and rotary-wing aircraft squadrons, It is constructed so that the
most important parameters affecting the aircrew sea: ratio can be examined

explicitly and subjected to sensitivity analyses.

By means of computer simulation, CREWMAN depicts air mission activity,
aircraft availability and utilization, and aircrew assignment and utiliza-
tion in a fashion designed to closely represent actual operations. As
developed, CREWMAN provides a flexible, rapid and well-documented analytic
estimation technique, but it is not so large or so complex that users are
averly burdened with input requirements or difficulties in interpreting
results, In fact, ease of use has been stressed at every opportunity where

it does not jeopardize the credibility of the results.

. - T e
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CREWMAN simulates the activities of Marine Aviation squadron during
a 30-day scenario. Based on a user-defined level of operational activity,
air missions are randomly scheduled during day and night periods. Aircrew
availability is monitored for assignment to scheduled air missions., Air-
craft and aircrew availability is determined on the basis of flight kine-
matics, management policy regarding assignment of aircrews, and constraints
on the availability of aircraft caused by aircraft maintenance and turn-

around requirements,

CREWMAN is an event-step simulation. A mission-scheduling algorithm
provides the initiating operational activity during each simulated day.
To capture the dynamics of both aircraft and aircrew utilization, CREWMAN
treats aircraft and aircrews as separate entities. Each is modeled through
a description of possible states and events that determine the instantaneous
status of any aircraft or aircrew in the scenario. By monitoring these
states, the model aggregates activity to provide the summary statistics at

the end of the computer exercise.

Use of the CREWMAN model requires a nominal input requirement. The
input parameters provide a description of the squadron being examined, the
scenario properties, the operations doctrine and the simulation control
data. The squadron attributes include a description of squadron unit
equipped (U/E) aircraft and maintenance hours per flight hour for both
normal and surge conditions. Additional parameters describe whether or
not the airéraft is multi-piloted, whether or not the aircraft is pressurized
and whether or not the aircraft has an ejectior. seat. These last three are
used in applying OPNAVINST recommendations for maximum flight hours. The
scenario properties detcil the number of surge, and non-fiying days to be
included in the analysis and describes an aircraft resupply rate. Attrition
variables are created for both aircrew and aircraft. The operations doctine
allows a specif.cation of the length of a duty day for an alicrew. brief

times, and the density of missions., Specification of mission density allows

Bk ibene
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breakout for daylight and night, and for both air and ground alert classes

of missions. The simulation control data include the number of replications
desired, a starting random number, and a cutoff figure for crew total flight
hours. Crews falling below this cutoff figure are not included in the summary

statistics.

Based on the simulation of scenario operations, results are automatically
collected and printed as computer output. The output parameters are composed
of daily parameters, scenario totals, and multiple rumn statistics. The
daily parameters include an accounting of each day's missions met &nd missed,
each day's loss of aircrews due to comhbat and administrative policy, and
daily aircrew statistics such as average and maximum flight hours and average
miscellaneous duty hours. The scenario totals data include an aircrew seat
ratio for the scenario, aircrew sorties flown, aircrew total flight hours,
and aircrew miscellaneous duty hours. The multiple run statistics include
probability distribution information on aircrew ratio and sortie rate for

multiple replications of the same scenario.

C. Hardware and Software Requirements

CREWMAN is written in the special purpose simulation language,
SIMSCRIPT II.5. This is a versatile programming language designed spec-
ifically for discrete-event simulation applications such as CREWMAN.

Its special attributes reduce the total time required to design, program,
and test simulation models, SIMSCRIPT II.5 is a free-form and English-
like programming language, and it provides a number of useful debugging

aids,

SIMSCRIPT II.5 is a proprietary language owned by CACI, Inc., Los
Angeles, California. For details of its attributes and use, the reader
is referred to available literature, especially "SIMSCRIPT II.5 Programming

Language" by Kiviat et al.
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The minimum hardware requirements to utilize the CREWMAN model
include a general purpose computer with a card reader and line printer.
The general purpose computer must be able to support a SIMSCRIPT II.5
compiler. Computers currently in this class include the IBM S/360-370,
the Honeywell 600/6000, and the CDC 6000 series.

Provided with the compiler by CACI, Inc. is a set of job control
procedures that facilitate the use of the model, These procedures are
documented in user manuals, Users of CREWMAN will need access to the
manual appropriate to his computer system. The use of such a manual in
conjunction with a knowledge of the operating system of his computer

center will enable the user to execute the CREWMAN model.

D. Purpose of the CREWMAN Description and Operating Instructions

The purpose of this document is to provide all relevant information
required to properly exercise the CREWMAN model, in a form that maximizes
the utility of this document to a user, The contents of this document
satisfy the intent of DoD Instruction 5233.1A of June 1973 concerning
documentation of computer programs. All requirements set forth in this
instruction that are relevant to the development of CREWMAN, a research

activity, have been fulfilled.

Since this document is written for Marine Corps analysts, it is
assumed that the user has a thorough understanding of the Marine Corps
aviation systems, procedures, terminology, and requirements in the amphib-
ious planning environment. Use of this document does not require a tech-
nical data processing background. However, a general knowledge of the

basic principles of data processing is most desirable.

In this document, a general framework for the model is first developed
along with the iderntification of concepts that will be referred to through-

out the text, Next, a section is devoted to describing each major sub-
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routine utilized by CREWMAN, These subroutines are called events, and
represent discrete points in time at which the state of a given aircraft
or aircrew changes. A look at each of these events should illuminate all
the salient features of the model and the logic used in interleaving the
basic simulated activities., Macro flowcharts accompany each of these

descriptions.

Next, each of the inputs to CREWMAN is defined and instructions for
preparing input data are provided. Finally, the simulation results are

discussed,

For the user interested in a precise description of the model,
Appendix B has been produced to define explicitly the model structure,
list the program variables and subroutines, and provide a complete pro-

gram listing.




e et m e ——— o 7 A8 o R A A i

I1 SIMULATION MODEL LOGIC DESCRIPTION

A. General Framework

Combat air operations performed by Marine Corps squadrons involve
a comuplex and dynamic set of activities, These activities include mission
scheduling, aircraft assignment, aircraft maintenance policy, aircrew duty,
aircrew flight scheduling, aircrew rest policy, and so on. The complexity
of these activities results from strong interactions among them, as well

as from significant interactions with the combat environment,

SRI's research to develop an aircrew seat ratio methodology was faced,
therefore, with the problem of modeling these activities in a logical and
tractable manner, Several abstractions of real-world activity, along with
some simplifying assumptions, were required to achieve this objective. An
understanding of these artifacts is essential for comprehending the approach
of the CREWMAN simulation, so they have been addressed in the remainder of

this subsection.

Modeling abstractions have been particularly important in four areas

of the CREWMAN formulation:

® Mission designation and scheduling
® Afircraft availability
® Aircrew availability and assignment

® Squadron operations and policy.

Each area is discussed in the following paragraphs.

inad,
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1. Mission Designation and Scheduling

To avoid excessive user input burdens and the complexity of
individually treating each of numerous Marine Corps air missions, the
CREWMAN formulation calls for the specification of only two types of
missions during each simulation. These are generic missions--one being
an air mission and one being a ground alert mission--that are meant to
stand for actual missions such as close air support, combat air patrol,

interdiction, ground loiter, strip alert, and so on.

As an example, a Marine Corps fighter squadron might be aseigned
combat air patrol, strike escort, deep interdiction, and strip-launched
intercept missions. Under the CREWMAN formulation, these would be compressed
into generic air missions and generic ground alert missions., The parameters
for the air mission (mission time, number of missions, attrition rate) would
be a compromise between parameters associated with the combat air patrol,
strike escort, and deep interdiction missions, The parameters for the
ground alert mission would, however, closely follow the parameters of the

strip-launched intercept mission, since it is the only alert mission considered.

It was judged that this compromise offered substantial benefits
for reduced data entry, and it also reduced the difficulty of interpreting
simulation results without greatly reducing the effectivness of the CREWMAN

model for estimating aircrew seat ratios.

Another simplification used in CREWMAN was the use of a random
process to schedule missions during the day. This action was taken to
relieve the user from the tedious business of acting as a mission scheduler
for the entire scenario. The random process distributes in time a designated
number of missions during a designated period (day or night)., While the
number of requested missions is restricted to be the same each day in the
CREWMAN formulation, the occurrence of these missions during the simulation

period will differ each day due to the random effect,

- ———— — — .- - —
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Missions may be scheduled in CREWMAN to occur during a daylight
period or a night period. 1In the CREWMAN model each period consists of
12 hours and together these two periods comprise a simulation day. Thirty

days complete one simulation exercise.

2, Aircraft Availability

Aircraft availability in the CREWMAN concept is constrained by
the number of aircraft that the user specifies as the squadron U/E and by
simulated afrcraft downtimes. During aircraft downtime an aircraft is
unavailable for missions., Aircraft downtime is based on three factors:
(1) mission time, (2) maintenance hours per flight hour, and (3) rearm
and refuel time, This downtime is applied following each air or ground

alert mission. The formulation of this concept is contained in the equation:

DT = MT * MHPFH + RR (1)
where
DT = aircraft downtime (hrs)
MT = mission time (hrs)
MHPFH = maintenance hours per flight hour

RR = rearm and refule time (hrs).

During surge conditions (i.e., intense air operations of a short
duration) the MHPFH parameter reflects the reduction of preventive mainten-
ance and is allowed to be smaller than that which would occur during nommal
operations. However, the difference between the parameters is used to create
a maintenance backlog, which must be completed at the first opportunity after
the surge. To Le precise, CREWMAN uses the following two equations for com-

puting downtime for normal and surge conditions, respectively.
DI = MT * MHPFHN + RR + BACKLOG (2)

DT = MT * MHPFHS + RR

A
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where
DT = aircraft downtime
MT = mission time
MHPFHy = normal maintenance hours per flight hour
MHPFHg = surge maintenance hours per flight hour
RR = rearm and refuel time,
and
BACKLOG = MT * (MHPFHN - MHPFNS) * number of surge sorties.
A numerical example will help solidify this concept.
Assume:
MT = 1.5 hrs
MHPFHN = 2,0 hrs
MHPFHS = 1,0 hrs
RR = 2,0 hrs

During a surge, each sortie will generate a DT = 1,5 * 1.0 + 2,0 = 3.5

and a BACKLOG = 1,5 * (2.0 - 1.0) = 1.5, After, say, three sorties during
surge conditions, assume normal operations resume. A backlog of 4.5 hours
will have accumulated for the aircraft., After its fourth sortie it will
have a DT = 1.5 % 2,0 + 2,0 + 4,5 = 9,5, Every sortie thereafter will
have a DT = 1.5 * 2,0 + 2,0 = 5,0, 1In a modeling sense, a recovery period

of reduced air operations will be thus associated with a surge period.

3. Afrcrew Availability and Assignment

The number of aircrews that become involved in a CREWMAN simula-

tion is constrained only by the availability of aircrews that have previously

been introduced into the scenario, In contrast to the formulation of air-
craft availability, the nonavailability of aircrews to meet a requested
mission for which an aircraft is ready does not force cancellation of that
mission., Rather, at this point, another aircrew is Introduced into the

scenario, and it remains for the duration of the scenario for subsequent

10
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assignment as the situation dictates. In this respect, the aircrews may

be thought of as dependent variables whose total number is the subject of

study,

Within the scenario itself, aircrews are available for mission
agsignment only for a certain period each day., This period is referred
to as the duty day, or duty hours, and its length is a variable that may
be changed by the user. The remainder of the simulation day (24 hours)
that is not designated as the on-duty period is taken to represent the

length of normal rest that the aircrew is provided.

The duty day consists either of miscellaneous duty (an abstraction
of training, administration, or other tasks undertaken by Marine Corps aircrews)
or mission assignment. With every mission assignment, there is a pre-mission
brief and a post-mission debrief. Aircrews begin their duty day in miscellan-
eous duty, and are selected for missions as they occur. Since there is no
actual mission scheduler, the selection of aircrews to fulfill a given mission
is provided for by an algorithm in CREWMAN, The algorithm determines which
aircrews are on-duty; which aircrews of those on-duty have sufficient duty
time remaining to completely conduct the requested mission; and, finally,

which aircrew of those having sufficient duty time remaining is closest to
going off-duty.

The latter criteria are intended to maximize the use of the total
aircrew resource pool for meeting missions without introducing a new aircrew

into the simulation.

Aircrew availability is further influenced by administrative policy
regarding the number of flight hours aircrews may be assigned over various
periods of time. The basis of the CREWMAN formulation of this aspect of air-
crew use is contained in the recommendations of OPNAVINST 3710.7J. These
recommendations are summarized in Table 1, CREWMAN invokes these recommendations
in the form of a filter that determines the appropriate standard to apply to a
particular aircrew based on its flight-time history.
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4, Squadron Operations and Policy

Since the purpose of the CREWMAN development was to estimate
alrcrew seat ratios as the basis for establishing squadron manning require-
ments, several squadron operational assumptions were incorporated into the
methodology. The first is rather obvious from the formulation of the simula~
tion model. That is, the aircrew seat ratios for Marine Corps squadrons are
determined through consideration of combat conditions. On the basis of this
assumption, such factors as aircraft and aircrew attrition rates were included,

as were operational procedures such as surge condicions.

A second major decision concerning the influence of squadron policy
on the estimation of aircrew seat ratios was the decision not to consider
overhead aircrews, as had at least one other previous major study of the
subject. (Overhead aircrews are extra aircrews within the squadron, air
group, or wing command structure that have only limited availability for
flight assignment because of the requirements of their command-type functions.)
The decision not to consider overhead aircrew concepts was based on the fact
that overhead aircrews might not always be available since the Marine Corps
often would be called on to deploy with less than a full wing structure.

In essence, the aircrew requirement must be established for the more demand-

ing cases in which the presence of overhead aircrews could not be guaranteed.

The effect of not considering overhead aircrews is also minimized
by the CREWMAN formulation since a portion of the simulation results describe
how much each aircrew was used during the scenario., Aircrews that only
experience small use during the scenario could be considered as representing
the effect of overhead aircrews., A fuller discussion of this aspect of

CREWMAN is contained in Appendix A.
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B. Simulation Program Framework

The program algorithm framework that exerts an executive control
over the activities of the simulated CREWMAN scenario is shown in the
form of a flowchart in Figure 1. By means of this framework, data input
by the model user is read and interpreted to serve the needs of event

schedulers and statistics counters,

C. Model Events

Discussions of the CREWMAN events are preseénted in the following
paragraphs, along with descriptive flowcharts. The integration of these
events with allowable aircraft and aircrew states provides the essence
of the conceptual logic of the CREWMAN model. Figures 2 and 3 are- an

overview of that integration.

As shown in Figure 2, the potential aircraft states are defined as;

IDLE A state in which aircraft are available for
mission assignmeut (that is, they are not down
for maintenance and turnaround), but are not as
yet assigned to a specific mission

ASSIGNMENT A state in which aircraft are committed to a
specific mission--the duration of that commit-
ment dictated by the mission time

NOT AVAILABLE A state in which aircraft are unavailable for
mission assignment, due to the requirement
for maintenance and turnaround following a
completed mission

These aircraft states are integrated (along with input/output factors)
by the CREWMAN events: NEW.DAY, MISSION, READY, and END,SORTIE,

14
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As shown in Figure 3, the potential aircrew states .re defined as:

REST A state in which aircrews are unavailable for
assignment to a mission because they are not
on-duty

MISC,DUTY A state in which aircrews are available for

assignment to a mission because they are on-duty
and because they are not already committed to a
specific mission

FLIGHT DUTY A state in which aircrews are committed to a
specific mission--the duration of that commit-
ment dictated by the mission time

These aircraft states are integrated (along with input/output factors)

by the CREWMAN events: START,DUTY, END.MISSION, MISSION, and END,DUTY.

1. END.DUTY Event

The END.DUTY event in the simulation logic causes an on-duty
aircrew (residing in the MISC,DUTY state) to go off-duty (enter the REST
state). This action is based on the concept of a "duty day" that the
CREWMAN logic concept embraces. Under this formulation, each aircrew is
assigned a regular duty day during which that aircrew is available for
a mission assignment or miscellanecus duty. The duty day is a consecutive
period of time, and it is followed by another consecutive period of time
that coincides with aircrew reat (during which no mission assignments

may be accepted).

Practically speaking, the logic of the END,DUTY event causes

four actions to be carried out as shown in Figure 4:

® ypdate aircrew's accumulated miscellaneous duty time

® Apply Naval regulations (Table 1) to determine the
extent of rest due the aircrew

18
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® Place the aircrew in the appropriate rest status

® Schedule the next duty day for the aircrew.

Accumulated miscellaneous duty time is calculated as the total
amount of time of non-flight and non-briefing duty time accumulated from
the time the aircrew initially entered the scenario (this could be Day 1

or Day 30, depending on the number of aircrews required to meet the mission

demand throughout the scenario).

Navy regulations prescribe standards for the amount of flight
time that an aircrew can accumulate over varying periods of time. These
standards have been summarized in Table 1 previously, and they are con-
tained in the CREWMAN logic in the form of a filter that determines which

standards, if any, are applicable--based on the aircrew's previous history.

Once the amount of rest due to an aircrew is determined, the
END,DUTY event places that aircrew in the REST state. The REST state
contains two components: mnormal rest and extended rest, Normal rest is
taken to mean the amount of time in the aircrew's 24-hour day that is not
“on-duty" time, It is applied normally when no other standards are violated.
Extended rest is taken to mean the amount of time equal to the normal rest
period plus an additional 24 hours. It is applied when appropriate weekly Navy
flight standards are violated. When a crew accumulates its maximum monthly

flight hours, it is put in rest indefinitely.

The aircrew's next duty day is scheduled by determining when
the REST state ends, based on the type of rest status in which the aircrew

has been placed.

2. END.MISSION Event

The END.MISSION event in the simulation logic causes an aircrew
to transition from a FLIGHT DUTY state to a MISC.DUTY state following com-
pletion of the air (or ground alert) mission and its subsequent post-mission
debrief. 1t is a straightforward logic construct as shown in Figure 5.
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3. END, SORTIE Event

The END,SORTIE event in the simulation logic causes an aircraft
to transition from the ASSIGNMENT state to the NOT AVAILABLE state follow-
ing completion ¢f an air mission. Based on the downtime assigned to the
aircraft (see discussion of alrcraft availability in Part II.A2), this
event also generates a READY event for the aircraft's return to a status
capable of accepting another mission. It is a straightforward logic con-

struct as shown in Figure 6.

END, SORTIE

PLACE A/C IN
NOT AVAILABLE STATE
FROM
ASSIGNMENT STATE

[
J

SCHEDULE READY
EVENT PER OPERATIONS
TEMPO FOR DAY

RETURN

FIGURE 6 END,SORTIE EVENT MACRO FLOWCHART
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4, READY Event

The READY event in the simulation logic causes an aircraft to
transition from a NOT AVAILABLE state to an IDLE state following comple-
tion of the maintenance and turnaround downtime that the aircraft incurred
following its last mission. 1t is a straightforward logic construct as

shown in Figure 7.

READY

PLACE A/C IN
IDLE STATE
FROM
NOT AVAILABLE STATE

RETURN

FIGURE 7 READY EVENT MACRO FLOWCHART
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5. START.DUTY Event

The START,DUTY event in the simulation logic causes an aircrew
‘to transition from a REST state to a MISC.DUTY state following completion
of the required rest period that the aircrew was assigned after its last
duty day. On the basis of the timez at which the new duty day is initiated
and the length of the duty day (defined by the simulation user), a time
for ending the duty day is calculated and the transition to a subsequent
REST state is scheduled. It is a straightforward logic construct as shown

in Figuve 8.

START.DUTY

PLACE CREW IN
MISC,DUTY: STATE
FROM
REST STATE

i

SCHEDULE
END,DUTY
FOR CREW

FIGURE 8 START.DUTY EVENT MACRO FLOWCHART
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6. MISSION Event

The MISSION event in the simulation logic finds and brings
together the aircraft and aircrew resources necessary to fill a mission
in the scenario. If an aircraft is not available, the mission is not
undertaken, and that fact is recorded as a missed mission in the computer
output., If an aircrew is not available, a new aircrew if formed; there-
fore, a mission i8 never missed because an aircrew 1f not available. (In
other words, aircrews are treated as dependent variables whose value is
driven by the circumstances of the scenario.) The logic of the MISSION

event is showr in Figure 9.

In gelecting the aircrew for assignment to a mission, the simu-
lation logic performs a sorting function that determines the "most eligible
aircrew.” The concept of the most eligible aircrew is based on finding an
aircrew that has flight capability left in its duty day (that is, one that
will not violate its recommended flight hours or sorties by accepting
another flight); an aircrew that has enough time left in its duty day to
fulfill the requested mission prior to going off-duty; and, finally, of

those aircrews still eligible, the one that is closest to going off-duty,

The MISSION event also accounts for both aircraft and aircrew
losses due to combat attrition, and 1t updates flight statistics for air
missions, Aircrew and aircraft losses are computed independently by
CREWMAN, which can give rise to the anomoly of a crew being lost without
the aircraft. being lost. -Civen the structure of the model, this is not
critical, however, because average availabilities of both aircrews and
alrcraft are of first order importance. Over a 30-day scenario, the losses

will approach the average loss parameters that were input.
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7. NEW.DAY Event

The NEW,DAY event in the simulation logic is the modeling arti-
fact for translating the scenario input into the action sequence required
to simulate a Marine Corps squadron performing air operations over a 30-day
scenario. It is also the breakpoint within the simulation for gathering

interim (daily) statistics covering the actions taken and the resources used,

The logic of the NEW.DAY event is as shown in Figure 10. Daily
statistics are accumulated for the previous day's operations and printed
out in the daily summary portion of the simulation results. Appropriate
summaries that are to be presented in the scenario totals portion of the

simulation results are also generated,

In terms of actions critical to the simulation, this event pro-
vides the mechanism for replacing lost aircraft, This procedure is
accomplished on the basis of the two user inputs, aircraft resupply delay
and aircraft resupply allotment., For CREWMAN these parameters are meant
to mean the number of aircraft that can be supplied within a certain period

of time.

For example, suppose the aircraft resupply delay is taken to be
4 days and the aircraft resupply allotment is taken to be 4 aircraft. The
concept of resupply in CREWMAN, under this example, will tend to supply 4
aircraft replacements in every 4-day period when they are needed. If 4
aircraft were lost on Day 1 and 4 more were lost on Day 2, CREWMAN would
resupply 4 aircraft on Day 5 and 4 more on Day 9, rather than 4 on Day 5

and 4 ¢n Day 6,

Another action that NEW,DAY provides is the mission schedule for
each day's simulation of air operations. The number of missions is a user
input, and it is the same for each day of the scenario. The time at which
these missions appear each day varies, however, according to a random draw

from a uniform probability distribution. In this formulation, day missions
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are equally likely to occur at any time during the 12-hour day period, and 1
night missions are equally likely to occur at any time during the 12-hour 1
night period.
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IIT SIMULATION MODEL INPUT

The SIMSCRIPT II.5 programming language was selected for CREWMAN, in
part, because of the ease by which data can be entered in simulation applica-
tions., The SIMSCRIPT II.5 attribute most responsible for this facility is
the "free-form read" characteristic., Briefly, the free-form nature of the
language relieves the burden of constantly monitoring format constraints
in terms of column-associated entries; therefore, data need :»ly be separated
by a blank to satisfy the SIMSCRIPT II.5 data entry requirements. It is
essential, however, that all data fields be filled by either numeric or alpha-
numeric characters, and that all alphanumeric words be expressed ir four or

fewer characters.

Data input requirements for CREWMAN are not extensive, Each exercise
of the CREWMAN model re mires only a small data set (5 or more 80-column
computer cards, or the equivalent amount of lines on a terminal entry device).
With the appropriate data set, CREWMAN can be instructed to produce a single
scenario simulation or multiple scenario simulations during a single job sub-
mission to the computer. Each scenario run may also be replicated one cr

more times for sensitivity analyses of the stochastic parameters.

The CREWMAN data set consists of two types of information. The first
embraces those parameters that are necessary to completely describe the
circumstances and resources of the Marine Corps aviation squadron activity
that is being simulated. The information requirement for this calls for
three computer cards that contain: (1) squadron data, (2) scenario data,

and (3) operations data.

The second type of information consists of user-initiated control

data that specify computer instructions for use of the model. The
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information requirement for this calls for two computer cards that contain:

(1) simulation control data, and (2) simulation termination data.

All of these data. types are described in following subsections. Each
description includes specifications for the data entry formats required by
the CREWMAN model., A final subsection contains a discussion on how the
different data card types may be structured to set up single and multiple

simulation runs of various types.

A. Squadron Data

1. Information Description

Squadron data required by CREWMAN describes the physical and
operational characteristics of the aircraft flown by the Marine Corps
squadron whose operations are being simulated. These characteristics
are:

® Squadron type--designated by generic Marine Corps aircraft

and aircraft usage, such as VMA, VMFA, HMH, HML, and so on.

® Aircraft type--aircraft model assigned to a Marine Corps
squadron,

® Squadron unit equipped (U/E) aircraft--number of aircraft
assigned to a Marine Corps squadrom,

¢ Normal maintenance time--amount of time spent on aircraft
maintenance for each hour of flight time during normal
operations.

e Surge maintenance time--amount of time spent on aircraft
maintenance for each hour of flight time during surge
operations.

® Rearm and refuel time--amount of time spent on rearming
and refueling an aircraft after every mission,

¢ Multi-piloted--whether or not the airzraft is multi-piloted.
® Pressurization--whether or not the aircraft is pressurized.
® Ejection seat--whether or not the aircraft has an ejection

seat,
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In the following paragraphs each element of scenario data is addressed
to identify: (1) the nature of its potential numeric value or alpha-
numeric word, (2) its use in the CREWMAN model, and (3) potential sources

for determining it.

a, Squadron Type

The squadron type may be any one of the Marine Corps
fixed- or rotary-wing squadrons or a component detachment thereof. The
sole modeling artifact of the CREWMAN model is that the squadron or
squadron detachment contain only éne a{rcraft éypé. The squadron type
data are provided in an alphanumeric word of 4 characters or less. The
selection of characters is up to the user (subject to the 4-character
constraint), but the following list has been provided as an .example of

potential identifiers based on current Marine Corps squadron types:

Squadron Type Potential Identifier

VMA VMA
VMA(AW) VMAW
VMFA VMFA
VMA(V) VMAV
VMO VMO
VMAQ VMAQ
VMFP VMFP
VMGR VMGR
HMH HMH
HMM HMM.
HML HML
HMA HMA
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The squadron type information is not used in the simulation
algorithm, but it is output with the results of the computer run as an

identifier to the analyst of the problem being simulated.

A definitive source of squadron type information is

FMFM 5-1, Marine Aviation.

b. Aircraft Type

The aircraft type may be any one of the Marine Corps
fixed- or rotary-wing aircraft., The aircraft type data -are provided in
an alphanumeric word of 4 characters or less, The selection of characters
is up to the user (subject to the 4-character constraint), but the follow-
ing list has been provided as an example of potential identifiers based on

current Marine Corps aircraft inventories:

Aircraft Type ©Potential Identifier

A-4 A4

A-6A A6A
F-4J F4J

AV-8A AV8A
OV-10A oV10
EA-6B EA6B
RF-4B RF4B
KC-130 C130
CH-53D CH53
CH-46F CH46
UH-1N UHIN
AH-1J AHLJ
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The aircraft type information is not used in the simulation
algorithm, but it is output with the results of the computer run as an

identifier to the analyst of the problem being simulated.

A definitive source df aircraft ‘type information is the

Effective Fleet Marine Force Table of Equipment (T/E) series.

¢. Squadron U/E Aircraft

The squadron U/E aircraft represents the pre-scenario
allocation of aircraft available to the squadron whose operations are-
being simulated. Squadron U/E data are provided to CREWMAN by an integer

value.

Squadron U/E data are used in the simulation algorithm to
define the number of initial aircraft available to conduct air .and ground
alert missions, It provides the upper bound on the number of aircraft
that are present at any one time in- the scenario, and it is used in the

determination of the aircrew seat ratio.

The definitive source of squadron U/E aircraft information

is the Effective Fleet Marine Force Tables of Equipment (T/E) series,

d, Normal Maintenance Time

The normal maiutenance time provides information on the
average amount of time an aircraft is down due to maintenance during
normal sustained combat operations. Normal maintenance time is provided
to CREWMAN by a réal numeric value that describes the amount of time

(hours) spent in maintenance for each flight hour.

This parameter is a primary contributor to the determina-
tion of aircraft availability in the model, Its specification is a
particularly complex undertaking due to the number of factors involved--

including the interaction and scheduling of the squadron maintenance
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activity, and the basic reliability and maintainability of the aircraft.
Actual operational experience is, perhaps, the best source of information,
but extrapolations and models can be used to provide representa-

tive values, Normal maintenance time can also be estimated from the main-
tenance and supply records of such systems as the Naval Maintenance Data

Collection System (3M).

This parameter might be -artificially reduced if the user
can assume a certain amount of maintenance is done during idle hours, such

as might occur if a squadron only flies during one-half of ‘a day.

e. Surge Maintenance Time

The surge maintenance time provides information on the
average amount of .time an aircraft is down due to maintenance during

temporary surge combat operations. Surge maintenance time is. provided

to CREWMAN by a real numeric value that describes the amount of time

(hours) spent in maintenance for each flight hour.

This parameter is a primary contributor to the determina-
tion of aircraft availability in the model. Its specification is a
particularly complex undertaking due to the number of factors involved--
including the interaction and scheduling of the squadron maintenance
activity, and the basic reliability and maintainability of the aircraft.
Actual operational experience is, perhaps, the best source of informatiom,
but extrapolations and models can be used to provide representa-
tive values. Surge maintenance time can also be estimated from the main-
tenance and supply records of such systems as the Naval Maintenance Data

Collection System (3M).

This parameter might be artificially reduced if the user
can assume a certain amount of maintenance is done during idle hours,

such as might occur if a squadron only flies during one-half of a day.
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£f. Rearm and Refuel Time

The rearm and refuel time provides information concerning
the amount of time an aircraft is down due to rearming and refueling after
every flight. Rearm and refuel time data are provided to CREWMAN by a real

numeric value that describes the above paraméter in hours.

Actual operational experience is, perhaps, the best source

of information, but extrapolations and models can be used to provide

representative valués.

g. Multi-Pilqtedv,‘Vuv

Case Le ee s e e e e : ~

Multi-pilot information reflects the number of aviators
required to fly an aircraft of a particular type. This parameter is used
as a factor in establishing flight-hour ceilings for aircrews according
to the recommendations of OPNAVINST 3710.7J, as summarized previously in
Table 1. Multi-pilot information data are provided to CREWMAN through
an alphanumeric code having two possible alternatives. If the aircraft
requires more than one pilot, the alphanumeric word "YES'" is entered,

and if the aircraft requires one pilot, the alphanumeric word '"NO" is

entered.

Multi-pilot data are used in the simulation algorithm to
help determine the appropriate policy to apply with regard to the number
of flight hours a particular aircrew will be allowed to accumulate over
various periods of time; therefore, the specification of the number of
aviators allows CREWMAN to effect administrative policy regulating aircrew
flight hours.

A definitive source of multi-pilot information is the NATOPS

Flight Manual for the aircraft under consideration,
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h. Pressurization

Aircraft pressurization information reflects the flight
environment of aircrews flying different aircraft. This environment is
used as a factor in establish flight~-hour ceilings for aircrews according
to the recommendations of OPNAVINST 3710.7J, as summarized breviously in
Table 1, Aircraft pressurization information data are provided to CREWMAN
through an alphanumeric code having two possible alternatives. If the
aircraft is pressurized, the alphanumeric word "YES" is entered, and if

the ajrcraft is not pressurized, the alphanumeric word "NO" is entered.

Alrcraft pressurization data are used in the simulation

—éiéofitﬁm.to ﬁélﬁiéétermfﬁé tﬁkoiﬁpropriate policy to apply with regard

to the number of flight hours a particular aircrew will be allowed to
accumulate over various periods of time; hence, the specification of the
aircraft pressurization allows CREWMAN to effect administrative policy

regulating aircrew flight hours,

A definitive source of aircraft pressurization information

is the NATOPS Flight Manual for the aitcraft under consideration,

i. Ejection Seat

Ejection seat information reflects the presence of an
ejection seat in a particular -aircraft, This parameter is used a« a factor
in establishing flight-hour ceilings for aircrewe according to the recommenda-
tions of OPNAVINST 3710.7J, as summarized previously in Table 1. Ejection
seat information data are provided to CREWMAN through an alphanumeric code
having two possible alternatives, 1If the aircraft has an ejection seat,
the alphanumeric word "YES" is entered, and 1if the aircraft does not, the

alphanumeric word ""NO" 1is entered,

Ejection seat data are used in the simulation algorithm to

help determine the appropriate policy to apply with regard to the number
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of flight hours a particular aircrew will be allowed to accumulate over
various periods of time; hence, the specification of the presence of an
ejection 'seat allows CREWMAN to effect administrative policy regulating

aircrew flight hours.

A definitive source of ejection seat information is the

NATOPS Flight Manual for the aircraft under consideration.

2. Input Card Format

One- 80-column computer card is required to enter the squadron
data (described above) necessary to run the CREWMAN model. 1In accordance
with the SIMSCRIPT II.5 facility for free-form data entry, it is not
necessary that strict column formats be specified. It is necessary, however,
that 19 fields of data be supplied, and that each field be separated by a
"blank". It is also necessary that .any alphanumeric field not exceed 4
characters. The following tabulation describes the content and sequence

of the 19 required fields:

Field Number Data Entry Field Description

1 "SQDNY Required data card identification

2 Alphanumeric Identifies following field as
designation squadron type data

3 Alphanumeric  Squadron type mnemonic
designation

4 Alphanumeric Identifies following field as air-
designation craft type data

5 Alphanumeric  Aircraft type mnemonic
designation

6 Alphanumeric TIdentifies following field as
designation squadron U/E aircraft data

7 Integer Number of aircraft assigned to

value: the squadron )
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operational environment in which the selected squadron is being simulated.

Field Number Data Entry Field Description
8 Alphanumeric Identifies following field as
designation normal maintenance time data
9 Real Amount of time (hours) spent on
value aircraft maintenance for each flight
hour during normal operations
10 Alphanumeric Identifies following field as surge
designation maintenance time data
11 Real Amount of time (hours) spend on
value aircraft maintenance for each flight
hour during surge operations
12 Alphanumeric Identifies following field as rearm
designation  and refuel time
13 Real Amount of time (hours) spent on
value rearming and refueling an aircraft
after every mission
14 Alphanumeric Identifies following field as multi-
designation piloted data
15 "YES" or "NO'" Whether or not aircraft is multi=
piloted
16 Alphanumeric Identifies following field as
designation pressurization data
17 "YES" or "NO" Whether or not aircraft is pressurized
18 Alphanumeric Identifies following field as
designation ejection seat data
19 "YES" or '"NO" Whether or not aircraft has an

Scenario Data

1. Information Description

ejection seat

Scenario data required by CREWMAN describe the physical and

That environment is described by the following:
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® Aircraft attrition--estimated number of aircraft lost
in conbat per sortie flown

® Aircrew attrition--estimated number of aircrews lost
in combat per sortie flown

® Non-flying days--number of days of no air operations
during the 30-day scenario (for example, due to poor
weather)

® Surge days--number of days of projected intense combat
operations beginning the 30~day scenario

® Aircraft resupply delay--number of days required to
replace U/E aircraft lost in combat

® Aircraft resupply allotment--maximum number of aircraft
that can be replaced within the period of the aircraft
resupply delay.

o
b “

In the following paragraphs each element of scenario data is addressed
to identify: /1) its potential numeric value or alphanumeric word, (2)
its use in the CREWMAN model, and (3) potential sources for determining

it.

a, Aircraft Attrition

The aircraft attrition parameter provides information on
the average expected loss of aircraft in combat during the 30-day scenario.
This parameter is commonly specified as a rate--describing the number of
expected losses per 1000 sorties of the aircraft. Aircraft attrition -data
are provided to CREWMAN by a real numeric value that déscribes the expected

number of losses per single sortie (for example, 0.010 losses per sortie).

Aircraft attrition data are used in the simulation algorithm
to determine randomly those air missions that will result in the loss of
aircraft, A random number stream is sampled during each mission to see if
criteria for loss of the aircraft are met., The process is based on a random
sampling technique, and successive runs of the simulation may not yiel& the

same results,
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Aircraft attrition rates are a function of such factors
as the weapon capability of the enemy, the density of enemy weapons, and
operations policy, as well as the vulnerability of the aircraft. Such
rates, therefore, could vary widely over several scenarios. The best
sources of estimation are based on combat experience and aircraft vulner-

ability test information.

b. Aircrew Attrition

The aircrew attrition parameter provides information on
the average expected loss of aircrews in combat during the 30-day scenario.
As for aircraft attrition, aircrew attrition is provided to CREWMAN by a
éeal numeric value that describes the expected number of losses per sortie

(for example, 0.007 losses per sortie).

Aircrew attrition data are used in the simulation algorithm
to determine randomly those air missions that will result in the loss of
aircrews. This is an independent determination from the aircraft attrition
determination, but it is done in the same random manner, As a modeling
artifact, CREWMAN treats aircraft and aircrew attrition as being independent,
so that ajrcrews may be lost on air missions that do not lose aircraft (or
vice versa)., In any case, the losses for both will tend toward the value

specified by the user according to the laws of probability.

The factors affecting ajircrew attrition are basically the
same as those affecting aircraft attrition., The best sources of estimation

are based on combat experience and aircraft vulnerability test information.

c. Non-Flying Days

The specification of a number of non-flying days in the
30-day scenario is included to account for the possible effect of poor

weather that would restrict air operations on those days. Non-flying
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days data are provided to CREWMAN by an integer value that specifies the
total number of days in the scenario during which no air operations will

be conducted.

Non-flying days data are used in the simularion algorithm
to determine those days that will be designated as having no air operationms.
The process is based on an random sampling technique, aid successive runs of

the simulation may not yield the same results.

User judgment of scenario weather conditions is the usual

source of information for the specification of non-flying days.

d.  Surge Days

The surge days parameter provides information on the number
of days beginning the 30-day scenario that will be designated for high ful-
fillment of air missions due to a short-duration air operations policy.
Surge data are provided to CREWMAN by an integer value that indicates the

desired number of days to be included in the surge period.

Surge days data are used in the simulation algorithm to
specify those scenario days during which aircraft av-ilability (as deter-
mined by its downtime) will be at the high value associated with its surge
sortie rate., As a modeling artifact, the surge period is always a con-

secutive number of days that occurs at the beginning of the 30-day scenario.

User judgment is the source of information for the specifica-
tion of this parameter. It is possible to have no surge conditions by

specifying zero days of surge,

e, Aircraft Resupply Data

The aircraft resupply delay parameter provides information

on the period of time between the loss of an aircraft in combat and the
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availability of a new aircraft in the scenario as its replacement. Air-
craft resupply delay data are provided to CREWMAN by an integer value that

indicates the length of the delay in days.

Aircraft resupply delay data are used in the simulation

algorithm to schedule replacement aircraft in the scenario.

Aircraft resupply delays are commonly a function of air-
craft type, the scenario, and Marine Corps operating policy. User judgment

is the source of information for the specification of this parameter.

£f. Aircraft Resupply Allotment

The aircraft resupply allotment parameter provides informa-
tion concerning the maximum number of aircraft that could be expected to
be available to replace aircraft lost in combat during a specified interval
of time, Aircraft resupply allotment data are brovided to CREWMAN by an

integer value that indicates the maximum number of aircraft that arce avail-

able to replace lost aircraft within the time period of the aircraft resupply

delay.

Aircraft resupply allotment data are used in the simulation
algorithm to bound the supply of aircraft that may be replaced within the

space of the resupply delay,

The aircraft resupply allotment parameter must be specified
always in conjunction with the aircraft resupply delay parameter. Sources
of this type of information are the same as those stated for the resupply

delay.
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2. Input Card Format

‘One 80-column computer’ card is required to enter the scenario
data (described above) necessary to run the CREWMAN model. In accordance
] with the SIMSCRIPT II.5 facility for free-form data entry, it is not
necessary that strict column formats be specified., It is necessary,
however, that 13 fields of data be supplied, and that each field be sep-
arated by a "blank". It is also necessary that any alphanumeric field
not exceed 4 characters. The following tabulation describes the content

and sequence of the 13 required fields:

e on e
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Field Number ‘Data Entry . Field .Description
1 "SCEN" Required data card identification
2 Alphanumeric  Identifies following field as
designation aircraft attrition data
3 Real Number of aircraft lost per sortie
value flown .
4 Alphanumeric Identifies following field as
designation aircrew attrition data
5 Real Number of aircrews lost per sortie
value flown
6 Alphanumeric Identifies following field as non-
designation flying days data
7 Integer Number of non-flying days in
value scenario
8 Alphanumeric  Identifies following field as
designation surge days data
9 Integer Number of surge days
value beginning the .scenario
10 Alphanumeric Identifies following field as
designation -aircraft resupply delay data
11 Integer Number of days delay before
value aircraft lost in combat can be

replaced
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Field Number Data Entry

Eield Description

12

13

Alphaaumeric  Identifies. following field as

designation aircraft resupply allotment data
Integer Maximum number of aircraft that
value can replace combat lost U/E air-

craft within the period of the
aircraft resupply delay

QOperations Data

1. Information Description

Operations data required by CREWMAN describe the framework of

the simulated squadron's activity in the scenario. As such, it sets the

level, appropriation, and duration of aircraft/aircrew resource commit-

ment in the scenario. This framework contains the following items:

Aircrew daily duty hours--the assigned amount cf time
each day during which aircrews are available for mission
assignment.

Air mission requests (day)--the number of air missions
requested during a 12~hour daylight period each day.

Air mission requests (night)--the nuiber of air missions
requested during a 12-hour night period each day,

Ground alert mission requests (day)--the number of alert
missions requested during a 12-hour daylight period each
day,

Ground alert mission requests (night)--the number of
alert missions requested -during a 12-hour night period
each day.

Air mission time--the projected flight time required
to accomplish assigned air missions.

Ground alert ‘mission time--the projectod alert time
required to fulfill assigned alert missions.

Briefing times--the amount of time allocated to pre-
mission briefs and to post-mission debriefs.
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In the following paragraphs each element of operations data is addressed
to- identify: (1) the nature of its potential numeric value or alpha-
numeric woru, (2) its use in the CREWMAN model, and (3) potential sources

for determining it.

a, Aircrew Daily Duty Hours

The aircrew daily duty hours iaformation defines the con-
secutive hours in one day that each aircrew is on-duty (that is, available
to accept a mission assignment). While each aircrew is on-duty the same
length of time, their starting and ending times are randomly dispersed
throughout the day (and/or night) depending on when they accepted their
first mission in the scenario--that being the start of their first duty
day, Aircrew daily duty hours data are provided to CREWMAN by a real

numeric value that specifies the number of hours in an aircrew's duty day.

Aircrew daily duty hours data are vsed in the simulation
algorithm as one of the mechanisms by which aircrews are able to accept
or reject mission requests, The daily duty hours are one component of
a daily cycle that also includes a normal rest period (the remainder of

the 24-hour day that is not part of the daily duty hours).

User judgment and normal squadron operations procedures

are usual sources of this type of data,

b. Air Mission Requests (Day)

Air missions in the CREWMAN formulation are those that
actually invélve flight time. Depending on the type of squadron involved,
the air mission:might be close air support, interdiction, reconnaissance,
troop transport, and so on. The CREWMAN model makes no distinction as to
the type of air mission, and each air mission for a particular squadron
has the same characteristics with regard to mission time, briefing times,

attrition rates, and so on.
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Air missions requests (day) information is the user-defined
number of air missions that will be scheduled during the 12-hour daylight
period of each day. (This number does not change during the 30-day scenario.)
Air mission request data are provided to CREWMAN by an integer value that
reflects the total number of a’r mission of this type for each day in the

scenario.

Air mission requests (day) data are used in the simulation
algorithm to establish a mission schedule for the daylight period. Under
the assumption that missions are equally likely to occur at any time
during that period, a random process is-used to construct a daily schedule,
so that éven though the same number of missions occur each day, .they appear

at different times on different days.

User judgment and combat experience are sources for estimat-
ing air mission request information, While theoretically any number of
requests  inay be made, ‘the number of missions that can be met is practicably
tied to the number of aircraft used in the scenario and their effective

daily sortie rate,

c. Air Mission Requests (Night)

Air mission requests (night) correspond exactly in their
formulation to that discussed directly above for day mission requests,
with the exception that these missions occur during the 12-hour period

of darkness during each scenario day.

d. Ground Alert Mission Requests (Day)

Ground alert missions in the CREWMAN formulation are those
that do not involve flight time. Depending on the type of squadron in-
volved, the ground alert mission might be strip-launched intercept, ground

loiter, and so on. The CREWMAN model makes no distinction as to the type
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of ground alert mission, and each ground alert mission for a particular
squadron has the same characteristics with regard to mission time, brief-

ing times, and so on.

Ground alert mission requests (day) information is the user-
defined number of ground alert missions that will be scheduled during the
12-hour daylight period of each day. (This number does not change during
the 30-day scenario.) Ground alert mission request data are provided to
CREWMAN by an integer value that reflects the total number of ground alert

missions of this type for each day in the scenario.

Ground alert mission requests (day) data are used in the
simulation algorithm to establish a mission schedule for the daylight
period. Under the assumption that missions are equally likely to occur
at any time during that period, a random process is used to construct a
daily schedule, so that even though the same number of missions occur each

day, they appear at different times on different days.

User judgment and combat experience are sources for

estimating ground alert mission request information,

e. Ground Alert Mission Requests (Night)

Ground alert mission requests (night) correspond exactly
in their formulation to that discussed directly above for day ground
alert mission requests, with the exception that these missions occur

during the 12-hour period of darkness during each scenario day.

f. Air Mission Time

The air mission time represents the length of time that
an aircraft is airborne during a mission., These data are provided to the

CREWMAN by a real numeric value that reflects the air mission time in hours.
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Air mission time is diversely used in the simulation
algorithm, It represents the time (along with the brir:fing times) during
which an assigned aircrew in the middle of its duty day cannot accept
another mission. 1In conjunction with the sortie rate, it is used in deter-
mining the downtime associated with each aircraft following. a mission., It
is also accounted against each aircrew's flight hour ceilings following

each mission.

User judgement and combat experience are the sources for

information of this type.

g Ground Alert Mission Time

The ground alert mission time tepresents the length of
time that an aircraft is on station while carrying out a ground alert
mission, These data are provided to the CREWMAN model by a real numeric

value that reflects the ground alert mission time in hours,

Ground alert mission time is used in the simulation
algorithm to represent the time (along with the briefing times) during
which an assigned aircrew in the middle of its duty day cannot accept

another mission, It also affects aircraft in the same way,

User judgment and combat experience are the sources for

information of this type,.

h. Briefing Times

Briefing time information reflects the amount of time that
aircrews are engaged in preparation for a specific assigned mission, as
well as the amount of time that aircrews are engaged in recording the
results of a completed mission. In CREWMAN, the specification of brief-

ing time applies equally to the pre-mission brief and the post-mission
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debrief, (That is, a simplifying assumption of the CREWMAN formulation
is that the two times are equal.) Briefing time data are provided to
CREWMAN through a real numeric value that represents the time in hours
that an aircrew will be engaged prior to an assigned mission and follow-

ing that mission,

Briefing time data are used in the simulation algorithm to
represent the amount of time (in addition to the mission time) associated
with each mission that an aircrew is unavailable for assignment to other
missions. Briefing times are associated both with air missions and with

ground alert missions in CREWMAN.

User judgment and standard squadron operational procedures

are sources for estimating the duration of mission briefs.

2. Input Card Format

One 80-column computer card is required to enter the operations
data (described above) necessary to run the CREWMAN model. In accordance
with the SIMSCRIPT 1I.5 facility for free-form data entry, it is not nec-
essary that strict column formats be specified, It is necessary, however,
that 17 fields of data be supplied, and that each field be separated by a
"blank", It is also necessary that any alphanumeric field not exceed 4
characters, The following tabulation describes the content and sequence

of the 17 required fields:

Field Number Data Entry Field Description
1 "OPNS" Required data card identification
2 Alphanumeric Identifies following field as
designation aircrew daily duty hours data
3 Real Length of aircrew daily duty in
value hours
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Field Number Data Entry Field Description
4 Alphanumeric Identifies following field as
designation air mission request (day) data
5 Integer Number of requested air .missions
value during 12-hour daylight period
each day
6 Alphanumeric Identifies following field as
designation air mission request (night) data
7 Integer Number of requested air missions
value during 12-hour night period each
day
8 Alphanumeric Identifies following field as
designation ground alert mission request
(day) data
9 Integer Number of requested ground alert
value missions during 12-hour daylight
period each day
10 Alphanumeric Identifies following field as
designation ground alert mission request
(night) data
11 Integer Number of requested ground alert
missions during 12-hour night
period each day
12 Alphanumeric Identifies following field as
designation air mission time data
13 Real Length of air missions in hours
value
14 Alphanumeric Identifies following fields as
designation ground alert mission time data
15 Real Length of ground alert missions
value in hours
16 Alphanumeric Identifies following field as
designation briefing time data
17 Real Length of aircrew pre-mission brief
value in hours (post-mission debrief

automatically assumes the same value),
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D. Simulation Control Data

1. Information Description

Simulation control data required by CREWMAN specify instructions

that affect the replication of computer runs, the injection of random pro-

cesses in the simulation, and the interpretation of simulation results,

Those instructions are contained in the following data categories:

® (Case replication--number of runs (during one job submission
to the computer center) of the simulation using the same

data set,

{ ¢ Random number seed--number that specifies the starting
point in a random number stream that is used to initiate
stochastic events in the simulation.

® Aircrew minimum use cutoff--a specified number of flight
hours accumulated by aircrews in the simulation; aircrews
accumulating fewer flight hours than this cutoff are not
considered in the calculation of the aircrew seat ratio
and other results measuring scenario totals,

i In the following paragraphs each element of simulation control data is
addressed to identify: (1) the nature of its potentiai numeric value,

f ‘ (2) its use in the CREWMAN model, and (3) potential sources for deter-

: mining it.

a, Case Replication

Case replication data are the user specification for the
number of single case exercises (that is, having a constant data set) to

i be run consecutively during one job submission to the computer. Case
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replication data are provided to CREWMAN by an integer value that specifies

the number of runs (initial run and subsequent replications) to be made.

Case replications are used to analyze the effect of the

stochastic processes that are imbedded in the simulation algorithm. These

:
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processes generate events in the simulation that may vary from one
simulation exercise to another (and hence cause a change in the calculated
aircrew seat ratio), By averaging the effect of these processes on multiple

runs, a representative aircrew seat ratio may be determined.

User judgment is nsed in specifying the number of case

replications that should be conducted in support of a particular analysis

that the user is undertaking.

b. Random Number Seed

Random number seed information is a user control for ini-
tiating the stochastic events (mission schedules, attrition, and so on)
that take place in the simulation. Random number seed data are provided
to CREWMAN by an integer value that specifies where in the random number
stream the simulation is to begin sampling for a particular run., With
that in mind, it is best to specify the seed with a relatively small

(<100) number; otherwise, ccmputer time is wasted,

The purpose of the random number seed information is to
provide a means whereby the user of CREWMAN can cause the simula-
tion to be the same as a previous one, To cause differences to occur
between exercises, the random number seeds should be set differently for
the two runs, but, to repeat a particular exercise, the random number

seeds should be set the same for the two runs,

The user's purpose is the basis for determining which

random number seed to use.

¢, Minimum Aircrew Use Cutoff

Minimum aircrew use cutoff information 1is a user control

for interpreting the results of a CREWMAN simulation. It is required
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because the abstraction of air operations in the CREWMAN formulation can
cauée spurious situations that unrealistically inflate the aircrew seat
ratio determined by the simulation. These spurious situations result
from the scheduling algorithms and the aircrew duty day concept. The
effect is that some aircrews are introduced in the scenario, but their
subsequent use is so little that their total flight hours in the scenario
is relatively insignificant. Therefore, the minimum aircrew use cutoff
data are used as a user-defined bound for significant £light time over

the 30-day scenario. These data are -provided to CREWMAN by a real numeric
value that reflects the lower bound of significant flight hours for air-

crews in the scenario,

CREWMAN usés the minimum aircrew use cutoff data to dis-
count the scenario totals for aircrews whose flight hours fall short of
the specified bound. The aircrew seat ratio, then, is based on calcula-
tions using only those aircrews that experienced significant use in the

scenario, as defined by the value of the minimum aircrew use cutoff.

User experience and judgment are the source for this in-
formation. Since the maximum flight hours for any one aircrew in 30 days
is known, it seems reasonable to determine the minimum cutoff on the basis
of some percentage of the maximum (perhaps 10% for example). The cffect
of the cutoff need not be considered, however, This alternative is

employed by specifying the cutoff as zero,

2, Input Card Format

One 80-column computer card is required to enter the simulation
control .data (described above) necessary to run the CREWMAN model. In
accordance with the SIMSCRIPT II,.5 facility for free-form data entry, it
is not necessary that strict column formats be specified. It is necessary,

however, that 4 fields of data be supplied, and that each field be separated
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by a "blank", The following tabulation describes the content and sequence
of the 4 required fields:

Field Number Data Entry Field Description

1 YRUN" Required data card identification

2 Integer Number of case replications to be
value run during this job submission

3 Integer Starting point for sampling of the
value computer generated random numbex

stream (to determine the outcome of
stochastic processes in the simula-

tion)
4 Real Number of flight hours accumulated
value by aircrews in the simulation that

will be considered as the cutoff
for determining aircrews that per-
formed a significant portion of the
time in the scenario,

E. Simulation Termination Data

1, Information Description

Simulation termination data required by CREWMAN specify informa-
tion to the computer that no further data exist on which to conduct simula-
tions during that particular job submission, and that the job should be

terminated and the results printed.

2, Input Card Format

One 80-column computer card is required to enter the simulation
termination data (described above) necessary to run the CREWMAN model,
This card has an extremely simple format containing oaly one field, Its

content is described in the following tabulation:
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Field Number Data Entry Field Description

1 "END" Required data card identification.

F. Data Set Structure

As indicated above, the minimum data entry requirements for exercis-
ing the CREWMAN model are five computer cards (or lines) of information

as follows:

® A card to enter squadron data ("SQDN card")

® A card to enter scenario data ("SCEN card")

® A card to enter operations data ('OPNS card")

® A card to enter simulation control data ("RUN card")

® A card to enter simulation termination data ("END card").

The use of these cards is somewhat flexible for providing single or
replicated runs (using the same or different data), but certain rules

must be observed.
. The rules that govern the data set structure are as follows:
¢ The SQDN, SCEN, and OPNS cards may appear in any order,

but in whatever order they appear they must be followed
' by at least one RUN card.

-
-

| ® An END card must appear once, and only once, and it must

'i appear as the final card of the data set (following the

: last RUN card).

There are two cases that should be discussed with respect to these rules,

and with respect to the different instructions that the job submission

carries with it, One is described as the minimum case, and the other is

-y
“

described as the extended case,

The minimum case contains the following computer card sequence (or

- e X i W

variation according to the data set rule above):
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® SQDN card
® SCEN card
® OPNS card
® RUN card
® END card.

In this case, the RUN card causes the data contained in the SQDN, SCEN,
and OPNS cards to be used in the simulation. Once the instructions of
the RUN card have been carried out, the END card causes the job to be

terminated and the results to be printed.

The extended case contains an extended card sequence, one example

of which is provided by the following card sequence:

® SQDN card
® SCEN card
® (OPNS card
& RUN card

® SCEN card
® RUN card

® END card.

In this case, the first RUN card causes the data contained in the first

SQDN, SCEN, and OPNS cards to be used in the simulation. Once the instructions
of the first RUN card have been carried out, the second SCEN card replaces

the first SCEN card., The second RUN card then causes the data contained in

the first SQDN and OPNS cards to be used with the data contained in the

second SCEN card in another simulation., Once the instructions of this

second RUN card have been carried out, the END card causes the job to

terminate and the results of both RUN cards to be printed,

In a similar manner, multiple case runs changing any of the SQDN,
SCEN, OPNS, or RUN cards may be accomplished. The rules to remember in

these situations are:
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® A new card of one of the following three types (SQDN, SCEN,
or OPNS) changes the data formerly entered to correspond
with that on the new card.

¢ Each RUN card operates with the most recent set of SQDN,
SCEN, or OPNS cards.

. ® RUN cards may follow one another consecutively, in which
i case no changes occur in the data used in the simulation.

® Any number of RUN cards may be used (but there is a proviso
that enough computer CPU time must be called for in the Job
Control Language to accommodate large runms).

An example of a minimum case data set is shown in Figure 11.
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IV SIMULATION MODEL OUTPUT

The computer output following each CREWMAN run provides the user
with summary descriptions and totals of the activities that occurred
during the simulation. Analysis may be performed on any of the various
parameters that CREWMAN monitors by comparihg the results of several

different runs of the modél.

The purpose of this section is to describe the several categories
of output information from the CREWMAN model, There are two major cat-
egories in the CREWMAN output: (1) an INPUT SUMMARY and (2) a .SIMULATION
RESULTS. Each is addressed in. the following subsections.

A. INPUT SUMMARY

The purpose of the INPUT SUMMARY in the CREWMAN output is to present
in concisely and easily understood terminology the input data on which the

simulation run is based.

An example of the CREWMAN output covering the INPUT SUMMARY is contained
in Figure 12, As shown, this information is subdivided into four settions:
(1) SQUADRON ATTRIBUTES, (2) SCENARIO PROPERTIES, (3) OPERATIONS DOCTRINE,
and (4) RUN INFORMATION. These sections correspond to the input data
categories described in Section III for squadron data, scenario data,

operations data and simulation control data, respectively.

B.  SIMULATION RESULTS

The purpose of ‘the SIMULATION RESULTS in the CREWMAN output is to
present in concise and easily understood terminology the most relevant

information produced by the simulation exercise.
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INPUT SUMMARY

SCULACRCN ATTRIBUTES:

—SCDN _ A/C  SCDN  MAINY HR/ZFLIGHT HR  REBR
TYPE TYPE U/E NORMAL SURGE REFUEL PILUT URIZED SEAT
YMEA F-4 2 6,00 1.00 2.00 Nl YES . YES

—SCENARICG PKOPERTIES:

ATTRTN PER SORTIE NONFLY SURGE A/C RESUPFLY
A/C CREW __DAYS DAYS DELAY ALLCTMNT
«C1n0 «007¢ 0 0 4 4

OPERATICNS DOCTRINE:

DAILLY MISSION REQUESTS ALERT REQUESTS MISSION TIME  BRIEF
DUTY HRS DAY NITE DAY NITE NORMAL  ALERT TIMES
12.0 36 15 4 4 leb 2.0 1.5

RLN INFORMATICN:

— ANUMBER  RANCOM NO.  FLIGHT HOUR
REPLICATIONS SEED CUT OFF

10 20 £.00

FIGURE 12 CREWMAN EXAMPLE QUTPUT (1)
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The SIMULATION RESULTS component of the CREWMAN output is sub-
divided into three sections: (1) DAILY SUMMARIES, (2) SCENARIO TOTALS,
and (3) MULTIPLE CASE STATISTICS. The first two subdivisions represent
the interim and aggregate information produced by the similated squadron
activity in the 30-day scenario. In the situation where one or more
replications of a case aré being run, the third subdivision is present
to aggregate information produced by the initial case and its replica-
tions. (In this situation, the DAILY SUMMARIES and SCENARIO TOTALS apply

only to the first run of the replication set,)-

1. DAILY SUMMARIES

Results contained in the DAILY SUMMARIES section of the
SIMULATION RESULTS are shown for an example CREWMAN simulation in
Figure 13, The following tabulation relates the mnemonics and abbrevia-
tions used in the computer output with the information collected by

CREWMAN during the simulation:

Mnemonic or Abbreviation Interpretation
DAY Current day (in 30 day scenario)
CREW LOSS (ADMIN) Aircrews lost to administrative
policy
CREW LOSS (KIA) Aircrews lost in combat
HI CREW Highest number of aircrews used to
current point in scenario
AVAIL A/C Number of aircraft available on
current day in scenario
CREW FLT,HR (AVE) Average number of flight hours for
each aircrew on current day in
scenario
CREW FLT,HR (MAX) Maximum number of flight hours

achieved by any aircrew on current
day in scenaric
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SIMULATICN RESULTS

DAILY SUMMARIES (RUN NO, 1 IF CASE REPLICATED):
LAY CRFEW LEOSS HI \ ’

MAX MISC.CUTY MET MISSED

ADMIN KIA CREW A/C AVE

1 9 g 32 36 2.1 . 340 5.8 52 1
2 0 1 38 35 1.7 3.0 649 49 10
3 ) ¢ 41 35  le6 3.0 7.0 49 10
4 v 0 _ 45 34 1.6 3.0 Tl 46 13
5 ) G 49 35 1.4 3.0 T.7 46 13
6 3 C 49 35 1.1 3.0 8.6 47 12
1 9 0 49 36 le2 3.0 Be4 43 il
8 ) 0 49 36 1.2 340 8.3 5) 9
S o C 49 36 1.4 3.0 7.9 47 12
19 0 Q. 49 36 1.5 3,0 1.6 49 10
11 0 0 50 34  l.4 3.0 7.9 46 13
12 v ¢ s 34 1.2 3.0 8.4 47 12
.13 9Q . .0 540 32 1.0 3.0 - 9.1 42 17
14 0 0 59 34 1.1 3.0 8.8 44 15
15 S ¢ 52 32 1.3 3.0 8.1 49 10
1¢ ) 1 _ 59 33 1.2 3.0 8.4 46 13
17 J 0 sn 33 1.3 3.0 8.2 46 13
18 v ¢ 52 35 1.5 3.0 7.5 43 11
19 0 0 52 36 1.3 3.0 7.9 41 12
2) ) ¢ 52 36 1.2 3.0 8.5 5) 9
21 0 1 52 36 144 3.0 7.9 51 8
22 0 0 52 36 1.3 3.0 8.1 41 12
23 9 g 52 36 1.2 3.0 8.3 47 12
24 v} o 52 35 1.3 3.0 8.1 47 12
< 0 Q_ 52 35 1.6 3.0 1.2 49 10
26 0 1 53 35 1.3 3.0 8.1 45 14
27 0 1 53 36 1.2 3.0 8.4 50 9
28 Q Q0 53 35 1.3 3.0 8.2 48 11
29 0 6 53 35 1.2 3.0 8.3 47 12
2 9 G 54 35 l.2 3.0 Bek 41 12

FIGURE 13 CREWMAN EXAMPLE OUTPUT (1)
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Mnemonic or Abbreviation , Interpretation

CREW AVE MISC.DUTY Average number of miscellaneous
duty hours for each aircrew on
current day in scenario

MISSION STATS (MET) Number of air and ground alert
missions met on current day in
scenario

MISSION STATS (MISSED) Number of air and ground alert
missions missed on current day in
scenario

2.  SCENARIO TOTALS

Results contained in the SCENARIO TOTALS section of the SIMULATION
RESULTS are shown for an example CREWMAN simulation in Figure 14, As
indicated in Figure 14 by the statement "(STATISTICS REFLECT THOSE CREWS
WITH TOTAL FLIGHT HRS GREATER THAN XX.)", a certain condition must exist
before an aircrew in the simulation will be included in some of the summary
statistics, The source of that condition is the minimum aircrew use cutoff
value input by the user before the start of the simulation run (this is
explained in Subsection III.D). Aircrews having total flight hours greater
than the minimum aircrew use cutoff value will be considered for all statistics;
aircrews having total flight hours less than the minimum aircrew use cutoff
value will be excluded in the compilation of the following results: AIRCREW
SEAT RATIO, CREW SORTIES FLOWN, CREW TTL FLIGHT HRS, and CREW TTL MISC.DUTY,

The following tabulation reldates the mnemonics and abbreviations
used in the computer output with the information collected by CREWMAN

during the simulation:
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SCENAKIC TOTALS (RUN NO. 1 IF CaSE

REPLIC ATED):

A STATISTICS REFLECT THCSE CREWS WITH TOTAL FLIGHT HRS GREATER THAN 6.00)

AIRCREX SEAT

R

ATIC

1.39

ORTLES FLOWN _ CREW TIE FL i
MEAN STD.DEV PMAX -MIN MEAN STDJDEV MAX MIN ACMIN KIA  COUNT

2422 6eT - 42 8 3643 10

al 63,0 12,0 0 -9 0.

MEAN STD.DEV MAX MIN us

ED RATE

MET MISSED,

e L1903 465 . 276.0 4GB0 &6 . 1,33 1426 = 346

——IGTAL_FEL LGHT #RS FOR FACH CREW (RUN NQO. ) IF CASE REPLICATED)

CREW NUMEER 1 HAS 602,00 TCT.FHRS
CRER NUMPER 2 _HAS 48,00 TOT.FHRS
CREW NUMBER 3 HAS  37.50 TCT.FHRS
CREn NUMBER 4 HAS 42,50 TOT.FHRS
CRER S
CRE® NUMBER 6 HAS  49.50 TCT.FHRS
CREW NUMBER 7 HAS 37.50 TCTLFHRS

CRER NUMEER 8 HAS 48,00 TJOT.EHRS

CREW NUMBER
CREW NUMBER
CRER.NUMB

CRE®W NUMBER 12 HAS
CREW NUMBER 13 HAS

9 HAS
1) HAS

39403 TOT.FHRS
45,50 TOT.FHRS

Q2
3,75 TCTLFHRS
34,50 TGT.FHRS

CREWNUMBER. 14 HAS . 34,50 TOT.FWRS .

CREW NUMBER 15 HAS
CREW NUMBER 16 HAS
— e CRER_NUMR
CREW NUMCER
CREW NUMBER

18 HAS
19 HAS

GRER_NUMBER __20 HAS _ 35.00

CREWN NUMBER 21 HAS
CRER NUMBER 22 HAS
CREW _NUMPER  23- HAS_
CREW NUMBER 24 HAS
CREN NUMBER 25 HAS
CREM_NUMPE

° CREW NUMBER 27 HAS
CREW NUMBER 28 HAS

""CREW NUMBER 3) HAS
CREW NUMBER 31 HAS

30400 TOTLFHRS
25.5C TOTFHRS
20 TOT.FHRS

15.00 TCT.FHRS
12.3C TCT.FHRS
I0JaFHRS

30,0u  TCT.FHRS
33.00 TOT.FHRS
RS

36,00 TCT.FHRS

31.50 TCT.FHRS

PO

33,00 TCV.FHRS
34.5¢ TOT.FHRS
S

T28450 TOTFHRS
34450 TOTJFHRS

ChEw NUMEFR 32 HAS
CREW NUMBER 33 HAS
CRER_NUMBE
CKEW NUMBER 35 HAS
CRE®W NUMBFR 36 HAS
CREW_NUM!
CKEW NUMBER 138 HAS
CREW NUMBER 39 HAS
CRER NUMBER 44 F
-CKEw NUMBER 41 HAS
CREW NUMBER 42 HAS
) ___ CRER.NUMBER 43 HAS -
" CRER NUMBRER &4 HAS
CREW NUMCFR 45 HAS
CREW _NUMEE
CREW NUMHER 4T HAS
CHER NUMPFR 48 HAS

et wnscenme e CRE R NUMBER 9. HAS ___33,00__T0T.FHRS

CREW NUMBER 50 HAS

CRER NUMBER 51 HAS
e CRER AU

CREW NUNBER 53 HAS

CREW NUMBER 54 HAS_

36,00 TOT.FHRS
62,00 TOT.FHRS
L1.FHRS

23010
33.00 TOT.FHRS
3750 TCT.FHRS
S

3150 TUT.FHRS
22450 ‘TCTFHRS
EHRS

34.50 TGTLFHRS
43.50 TOTL.FHRS
QL.£HRS

34,50 TOTL.FHRS = '

23,25 TGVLFHRS
S

54400 TOT.FHRS °

45.00 TCTJFHRS

34,50 TOT.FHRS
25.50 TGT.FHRS
S

3,75 TOT.FHRS
(e, TCT.FHRS

FIGURE 14 CREWMAN EXAMPLE OUTPUT (Il }
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Mnemonic or Abbreviation

Intexrpretation

AIRCREW SEAT RATIO

CREW SORTIES FLOWN
(MEAN)

CREW SORTIES FLOWN
(STD.DEV)

CREW SORTIES FLOWN
(MAX)

CREW SORTIES FLOWN
(MIN)

CREW TTL FLIGHT HRS
(MEAN)

CREW TTL FLIGHT HRS
(STD.DEV)

CREW TTL FLIGHT HRS
(MAX)

CREW TTL FLIGHT HRS
(MIN)

CREW LOSS (ADMIN)

CREW LOSS (KIA)

CREW COUNT

Ratio of the effective number of air-
crews used in the 30-day scenario to
the number of squadron U/E aircraft

Mean number of air missions flown by
each aircrew used in the scenario

Standard deviation in the number of
air missions flown by each aircrew
used in the scenario

Maximum number of air missions flown
by any one aircrew used in the scenario

Minimum number of air missions flown
by any one aircrew used in the scenario

Mean number of flight hours accumulated
by each aircrew used in the scenario

Standard deviation in the number of
flight hours accumulated by each air-
crew used in the scenario

Maximum number of flight hours accumu-
lated by any one aircrew used in the
scenario

Minimum number of flight hours accumu-
lated by any one aircrew used in the
scenario

Aircrews lost to administrative policy
during the 30-day scenario

Aircrews lost in combat during the
30-day scenario

Effective number of aircregs used
during the 30-day scenario

*
Effective number of aircrews refers only to those aircrews whose
accumulated flight hours exceed the minimum aircrew use cutoff

described in Subsection III,D.
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Mnemonics or Abbreviation

Interpretation

CREW TTL MISC.DUTY
(MEAN)

CREW TTL MISC.DUTY
(STD.DEV)

CREW TTL MISC.DUTY
(MAX)

CREW TTL MISC,DUTY
(MIN)

A/C USED

A/C SORTIE RATE

MISSION STATS (MET)

MISSION STATS (MISSED)

Mean number of non-flying duty hours
accumulated gy each aircrew used in
the scenario

.Standard deviation in the number of

non-flying duty hours accumulated by
each aircrew used in the scenario

Maximum number of non-flying duty

‘hours accumulated by any one of the

aircrews used in the scenario

Minimum number of non-flying duty
hours accumulated by any one of the
aircrews used in the scenario

Total number of aircraft used during
the 30-day scenario, including
replacements

Average number of sorties per air-
craft per day as realized in the
‘scenario

Total number of dir and ground alert

missions met during the 30-day scenario

Total number of air and ground alert
missions missed during the 30-day
scenario

A final element of the SCENARIO TOTALS presents a breakdown of the
total flight hours (TOT,FHRS) accumulated by each aircrew that participated
in the scenario. As shown, the aircrews are assigned a number upon enter-
ing the scenario, so that the analyst can be aware of which aircrew entered
on which day. (CREW NUMBER l'was the first aircrew to enter the scenario,

CREW NUMBER 2 was the second aircrew to enter the scenario, and so on.)

* . )
This does not include briefing times for air missions, but it ‘does
include.briefing times and station times for ground alert missions.
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3. MULTIPLE CASE STATISTICS

Results contained in the MULTIPLE CASE STATISTICS section of
the SIMULATION RESULTS are shown for an example CREWMAN simulation in
Figure 15. These results show the mean, standard deviation, maximum
value, and minimum value for both aircrew seat ratio and realized sortie
rate based on the aggregate analysis of the results of the replicated

runs of the same case,

" 69

D R ——g




T
.

e e ot e e e s

TMULTIPLE CASE STATISTICS:
—_ (STATISTICS FOR 10 REPLICATIONS OF THIS CASE)

AIRCIEW SEAT RATIO SORTIE RATE
—MEAN STD.DEY PAX MIN =~ MFAN STD.DEV ~ MAX MIN

1.61 ell 1.78 1.39 1.33 «01 1.34 1e32

FIGURE 15 CREWMAN EXAMPLE OUTPUT (IV)
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ANALYSIS USING THE CREWMAN MODEL
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Appendix A

ANALYSIS USING THE CREWMAN MODEIL

The CREWMAN model offers the analyst a flexible and multi-faceted
tool with which to analyze the éffect of numerous factors on the deter-
mination of an aircrew seat ratio requirement for each of the Marine
Corps squadrons., However, its effective application and interpretation
depend on a thorough undérstanding of the relationship of the model to
the real world (which it strives .to represent), and of the numerous inter-

relationships that exist among the parameters that drive the model,

The purpose of this appendix is to discuss several aspects of the
model that bear significantly on its use as an analytic tool. The basis
for the discussion is a series of computer exercises that SRI conducted
to check out the logic and credibility of CREWMAN during its development.
While this was not an exhaustive demonstration of the model's nature, it
was sufficient to identify several casual relations that will affect all

applications of the model,

There appear to be three major areas in which a discussion of CREWMAN
treatment promotes understanding of the model's results and ultimate
effectiveness, These areas are:

® The influence of stochastic processes embedded in the

CREWMAN formulation on the variability of simulation
results,

® The significance of "edge effects" inherent in the CREWMAN
abstraction of real world activities and processes.

o The effect of scale in interpreting the simulation results.




e

Each of these factors is the subject of a subsection below. Additionally,
one other subsection is presented to provide a potpourri of assorted find-
ings, observations, and conclusions that will prove helpful to any prospective

analyst using CREWMAN,

1. Stochastic Process Influences in CREWMAN

Replications of a given CREWMAN scenario invariably result in the
calculation of different aircrew seat ratio requirements, 1In some cases,
these differences will be quite substantial. Differences also appear in
other statistics contained in the CREWMAN results, although usually their
significance is less apparent (since their .contribution to the determina-

tion of the aircrew seat ratio may not be readily transparent).

The basis for such differences are the stochastic processes that
CREWMAN uses to represent real world events, These processes directly
affect mission scheduling, aircraft and aircrew attrition, and the deter-
mination of non-flying days in CREWMAN, but the influence that they exert

is significantly more widespread and, in some cases, quite subtle,

An indication of the magnitude of the variation in aircrew seat ratio
that CREWMAN can be expected to produce is shown for several replicated
scenarios in Table A-1. As indicated there, differences approaching one
aircrew per aircraft (as in the observed spread for Scenario B) can occur

because of the interaction of random events.

It should also be noted that the general "scatter" of results from
all the different scenarios in Table A-1 is substantial. If one were to
assume that the results of individual simulations formed a norxmal distri-
bution around the éalculated mean, the standard deviations shown in
Table A-1 could be interpreted in a practical sense. That is, the interval
defined by the expression, (mean) * 0,67 (standard deviation), could be

expected to contain only 50% of all results; hence, 50% of the results

A-4
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for Scenario A, for example, would be expected to lie outside the inter-

val 1.23-1.41,

The réesults clearly indicate that conclusions regarding aircrew seat
ratio requirements should be based on the average results of a series of
simulation runs rather than on the results of a single isolated run, The
rationale for this action is that the fluctuations in the aircrew seat
ratio caused by the stochastic occurrences should "cancel out" over a
series of runs. A practical question arises, however, about the number
of computer runs necessary to establish a representative mean aircrew

seat ratio.

This question was addressed by SRI by examining several replication
series, It was determined that, although the individual results were quite
disparate as indicated above, there was a quick convergence of the mean
of these results to a stable value as the number of results considered

was increased,

The method of examination was to plot the mean of successive simula-
tion runs as the number of simulatiors increased, Figure A-1 provides the
results found by applying this technique te¢ oae ol -thi-several simulaticn
replication series that SRI' analyzed, As shown in Figure A-l, the mean

of 13 simulation replications was closely approached after about 8 runms.

This result was characteristic of the other series that SRI evaluated.
Based on this similarity, it appears that 8-12 replications of a scenario
are sufficient to establish its representative aircrew seat ratio require-
ment, Therefore, SRI recommends that aircrew seat ratio requiremenxs be
established on the basis of the mean obtained from at least 8-12 simula-

tion runs,
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2. CREWMAN Abstraction Edge Effects

One consequence of the random occurrence of missions in CREWMAN is
that situations arise in which an aircrew will be introduced into the
scenario to fill a particular mission, but for one reason or another that
aircrew will not fill any other missions during the scenario (or perhaps
only a very small number). For example, an uncommonly high number of
missions may appear in a short time span on one of the final days of the
scenario and cause a new aircrew to be iﬁtroduced. 1f no other crowding
of missions occurs for the remainder of the scenario, that particular

aircrew may never be used again.

Another situation may arise for scenarios in which flights only take
place during the daylight (or conversely only during the darkness). In
this case, a mission may occur extremely late in the day. Because air-
crews already in the scenario do not have enough duty time left in their
duty day to accept it, another aircrew may be introduced. An aircrew
introduced at such a time, hcwever, begins its duty day at the time accord-
ing to the simulation algorithm. The effect is that every day that aircrew
comes on duty just before all flights are terminated for the day, The
probability is low that an aircrew with such a duty day can accumulate

significant flight duty.

1f these types of situations arise several times during the simulation,
the aircrew seat ratio is rather artificially inflated for little apparent
benefit (for example, a meaningful gain in total number of missions met).
Figure A-2 provides a good representation of this situation in a graphical
form. 1t is seen for the case represented in Figure A-2 (having an aircrew
ratio of 2.42) that 8 aircrews accumulated less than 6 flight hours during
the 30-day scenario., This is less than 10% of the maximum number of hours
they would be allowed to accumulate based on the administrative policy con-

tained in CREWMAN.




i e — - P - - - :

e At 1+ e s e b et i o = e

[ S

3OVSN M3YOHIV 4O NOILNSIHLSIA I1dNVYXI  Z-V 3¥NOLE

Q31vINWNDODV SHNOH LHOITH V10l

09 0s oy ot (174
| ! ‘ | I 1 1 11
HBEEEREEEERN _ } 4
- =g Z
, £ >
= - % ]
2 <
- -] o
. il .
L i > :
— X 3
- 3
“ —o m
; N 3




¢
At

)
| oo pmct ok st o v+ e =
.

It was for such situations that the minimum aircrew use cutoff was
included in the CREWMAN formulation (see Paragraph III,D,l.c for a descrip-
tion of the minimum aircrew use cutoff). Were it employed in the case
shown in Figure A~2, and were it set for 6.0 flight hours, then 8 aircrews
would be eliminated from consideration in the aircrew seat ratio. The
result would be that the aircrew seat ratio would be calculated to be 1.75
rather than 2,42, From all aspects, it appears that this is a more real-

istic determination.

As an aside, one might hypothesize that those aircrews that have very
low flight hours could represent the effect of having overhead aircrews
associated with a squadron, The concept of overhead aircrews is discussed

in Part II.A.4.

During our investigation of the effect of using the minimum aircrew
use cutoff, we found that a good "rule of thumb" for its specification
appears to be about 107 of the flight hour ceiling that the aircrews are
restricted to during the 30-day scenario. An additional benefit of the
minimum aircrew use cutoff, when it is employed, is that it reduces the
scatter of the results of individual simulations--making the mean of an
increasing set of results converge even faster. This is expiained by the

fact that it is reducing the effect of unusual random events.

3. Effect of Scale in CREWMAN

13

The effects of scale have been noticed in the analysis SRI conducted
with the CREWMAN model, That is, discernible trends have been identified
that show that the a2ircrew seat ratio calculated by CREWMAN decreases for
increasing numbers of aircraft included in the scenario (given that attrition,
turnaround times, and ratio of missions to aircraft remain constant). Another

related feature of this phenomenon is that the standard deviation (measure

of the scatter) of the results of replicated scenarios decreases as more air-

craft are applied -to- a scenario.

A-10




- [y, S — TV

e e e am +

Neither of these results are unexpected or inexplicable, but the
knowledge of the degree to which they appear is germane to analysis using
the CREWMAN model. To provide that insight, Figure A-3 was constructed
from some of the results of SRI's test of the CREWMAN simulation. Three
cases are presented there in which the number of aircraft was increased
from 20 to 45 to 72 under the same scenario conditions. .s shown, a
definite trend exists with respect to the effect of the number of aircraft

considered on the aircrew seat ratio.

0f particular importance to the Marine Corps analyst is the '"steepness"

of the curve at aircraft levels associated with typical Marine Corps squadrons.

The "flattening out" of the curve at higher aircraft U/Es suggests that a

lower bound is being approached below which the aircrew seat ratio is unlikely

to fall with any realistic number of aircraft considered. (Such information
may be important for specifying an absolute minhimum aircrew seat ratio that

could ever be expected to meet Marine Corps requirements.)

The rationale for the effect observed in Figure A<3 has to do with
the effect of small and large numbers, With the larger number of aircraft,

it is more likely that a match can be made betwéen a requested mission and

- % =

“an aircréw already in thé séénario than it is for small numbers of aircraft.
Analagously, the loss of an aircrew in combat has a muich less dramatic
effect on the large aircrew poqi in the one case than it does on the small

aircrew pool of the other case,

4. Miscellaneous Findings and (bservations

When examining the results of any CREWMAN simulation exercise, an
analyst is likely to notice one or more pieces of information that require
a detailed knowledge of the internsl workings of the simulation mcdel for
a satisfactory interpretation. The followirig paragraphs describe situations
that SRI analysts have come across during the exercises of the model that
fall into this category.
A-11




et

e R A A - e e e

o r——

e e e g o

MEAN AIRCREW SEAT RATIO OF REPLICATED RUNS
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FIGURE A-3

EFFECT OF SCALE IN CREWMAN
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a., Aircrew Flight Hour Ceilings

Situations may occur in which a particular aircrew's total
flight hours for the scenario may exceed the supposed bound established
as administrative policy. This effect is the result of the CREWMAN
formulation whereby the test to see if the ceiling has been violated
occurs at the end of the aircrew's duty day rather than after each mission.
Therefore, an aircrew may enter a day needing only one more flight to
exceed its ceiling, but because of the assignments that day the aircrew

makes two flights and surpasses the flight hour cdeiling.,

b. Aircraft Attrition

The output cat:gory A/C USED includes the number of aircraft
that have been supplied to the scenario to replace aircraft lost in
action. It does not necessarily include the total aircraft lost in the
scenario due to the time lag of the resupply delay which may extend past

the termination of the scenario.

c. Aircrew Attrition

Aircrew attrition appears to be a major source of the differ-
ences in aircrew seat ratio observed among individual members of a simula-
tion replication series. 1Its effect is stronger in scenarios having.a
small number of aircraft than it is in scenarios having a large number of
aircraft. Contrasts between scenarios in which aircrew attrition was
considered and those in which it was not considered indicates that the
standard deviation of simulation replications from the mean of an entire
set may increase by as much as 1097 when aircrew attrition is considered.

Of course, aircrew seat ratios are also higher when aircrew attrition is

considered.
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d. Genéral Results

The following general results were noted, although they were

not studied in detail to derive quantitative estimating relations:

¢ Lengthening of the daily duty day reduces the aircrew
seat ratio requirement.

® Increasing the mission- requests increases the aircrew
seat ratio requirement--especially around a breakpoint
established by miltiplying the number of U/E aircraft
by their normal sortie rate,

® Decreasing the turnaround (raintenance and rearm/refuel)
times of aircraft included in the simulation increases
the aircrew seat ratio requirement when the number of
missions requested is approximately equal to or exceeds
N the number of sorties the squadron can produce.
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Appendix B

CREWMAN MODEL STRUCTURE, SUBROUTINES,
VARILABLES, AND LISTING

This appendix is intended to supplement the user-oriented description
and operating instructions for the CREWMAN model contained in the main
body of this report. It provides a precise exposition of the CREWMAN
structure, a list of the model subroutines, a list of the model variables,
and a complete listing of the CREWMAN program, It also gives a Job Control
Language (JCL) listing that compiled, cataloged, and executed the CREWMAN

model,
Table B-1
CREWMAN EVENT NAMES
Event Name Description
END,DUTY Accounts for rest period due an aircrew following

its duty period
END.MISSION | Accounts for an aircrew ending a mission

~ END, SORLIE Accounts for an aircraft completing a sortie

MISSION Processes all missions, finding eligible aircraft
and aircrews

NEW,DAY Initiates a new cuy

READY Accounts for aircraft. leaving maintenance

START.DUTY Accounts .for aircrews initiating a duty day
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Table B-3

e

CREWMAN SET STRUCTURE

Entity Owns Belongs To
CREW CREW, SET
ALL, CREWS
ATRCRAFT AC,SET
CREW, STATE | CREW,SET
AC,STATE AC, SET
*
SYSTEM ALL.CREWS
Table B-4

CREWMAN SUBPROGRAM NAMES

Subprogram Names

Description

T - ;\*‘..4;

REP, AC
SR, CALC

TRACE

Reconstitutes aircraft lost to attrition

Calculates the sortie rate realized in
the scenario

Used to produce a time trace of every

e S e’ el o i 5 ) S » ~ L N

event -executed (debug routine)

*
SYSTEM is not actually an entity, but rather a SIMSCRIPT II.5

modeling concept.
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Table B-5

CREWMAN GLOBAL ARRAYS

*

Mnemonic Type Description
AC,RELIEF(30) 1 Number of replacement aivcraft dus on day i
DAY,CREW,L0SS(2) I Daily aircu.w losse.

{ = 1 (administrative policy loss)

1 = 2 (KIA loss)
DAY MISS. STATS(2) I Daily mission statistics

{ = 1 (missions met)

i = 2 (missions missed)
LITE.REQS(2) I Daylight mission density

i =1 (air missions)

i = 2 (ground -alert missions)
MISS.TIME(2) R Mission time

i = 1 (air missions)

{ = 2 (ground alert missions)
NITE,.REQS(2) I Night mission density

{ = 1 (air missions)

{ = 2 (ground alert missions)
RATI0S(50) Aircrew seat ratios for replicated runs
SRATES(50) Sortie rates for replicated runs
SUM, CREW,L0SS(2) Total atrcrew losses

{ = 1 (administrative policy loss)

i = 2 (KIA ioss)
SUM,MISS,STATS(2) 1 Total mission statistics

{ = 1 (missions met)

i = 2 (missions missed)
TEMPO(30) i Alrcraft availability tempo for day i

1 signifies normal
2 signifies surge
4 signifies ns fly

*
I - Integer, R -~ Real
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Table B-6

CREWMAN GLOBAL VARIABLES

Mnemonic Type Description

AC.LR Alrcraft attrition per sortie

ARM,FUEL Rearm and refuel time

BRIEF R Number.-of hour; for pre-mission brief (also used for
length of post-mission debrief)

CONSECUTIVE.DAYS I Consecutive duty days allowed by policy

CUT,OFF R Value of total flight hours-above which aircrew is
irncluded in summary statistics

CREW.LR R Alrcrew attrition per sortie

CREW.SIZE 1 Number . of Marine Corps Aviators/Naval FPlight Officere
comprising the atrcrew

DAILY,10SS 1 Number of aircraft lost in current day

DAY 1 Current day in the scenario

DAYS, IN, SCENARIO 1 |"Number of days in the scenario (=30)

DUTY.HRS R Number of hours aircrews will be on-duty each day

EJECT.SEAT A Indicacion whether or not aircraft has an ejection seat

HI,CREW 1 Number of airccrews used in the scenario

LAST. RELIEF b4 Last day replacement aircraft arrived

MULTI.PILOT A Indication whether or not aircraft i{s multi-piloted

NAME A Alrcraft type

NOFLY,.DAYS 1 -Number of non-flying days in scenario

NORM , MAINT R Normal maintenance hours per flight hour

NUM, RUN 1 Current computer run number in a replication series

PRESSURE A Indicatfon whether or not aircraft is pressurized

QUANTITY 1 Quantity of aircraft on hand at start of the day

SOR,RATE R Current sortie rate realized in the scenario

SURGE.DAYS 1 Number of surge days at start of the scenario

SURGE ,MAINT R Surge maintenance hours pér flight hour

TOT, USED 1 Total number of aircraft used

TYPE A Squadron type

UE I Number of aircraft in squadron

UE,DELAY I Number of days delay before aircraft replacement

UE,RECONST 1 Number of aircraft allowed every delay period

30DFT 1 Maximum allowed flight hours per aircrew in 30 days

7DFT I Maximum aliowed flight hours per aircrew {n 7 days

24HFT 1 Maximum allowed flight hours per aircrew in 24 hours

24Hr 1 Maximua allowed aircrew sorties in 24 hours

*A - Alpha, I - Integer, R - Real

e b it R
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‘ TINE TACT SIMSCRIPT IT.5 RELEASE 8G ' 03723716 PAGE

1

B CREWMAN
2 'Y ROBERT S. GARNERC
. 3 ¢v  SRI INTERNATICNAL
4 *% OECEMBER 1577
5
¢ PREAMBLE
7
8 NORMALLY MODE IS INTEGER AND DIMENSION 1S O
S
10 PERMANENT ENTITIES
11
12 EVERY ACeSTATE OWNS AN ACSSET
13t 1-IDLE 2-ASSIGNMENT 3-NOT AVAILABLE
14
15 EVERY CAUN.STATE CWNS A CREW.SET
16_ ¢ 1-REST _2-MISC. DUTY 3-FLIGHT DUTY
17
18 TEMPCRARY ENTITIES
19
20 EVERY AIRCRAFT HAS A BACKLOG AND A FLT.TINE ANG BELONGS 7O AN AC.SET
21
22  DFFINE BACKLOG.FIT.TIME AS REAL VARIABLES
23
24 GENERATE LIST ROLTINES
25 =
26 EVERY CREW HAS A NUMBER, A TOV.FLIGHTS, A TOT.FHRS, A TOT.M1SC.DUTY,
21 A CUR.SORT, A CUR.FHRS, A LAST.OFF, A CUMcFHRS, AND A TIME<REST AND
2 SEY
. 29
30 DEFINE TOT.FHRS,TOTMISCsDUTY, CURLFHRS  CUM. FHRS o T INELREST
31 AS_REAL VARIARLFS
32
. 33 INHIBIT LIST RGUTINES
34
35 EVENT NOTICES
3¢
37 EVERY END.MISSION HAS A PIAOT IN MCRD 6
38 EVERY END.OUTY HAS A PILOT IN WORD 6
39 EVERY END.SCRTIE HAS A PLANE IN WORD 6
40 EVERY READY FAS A _PLANE IN WORD 6
41 EVERY START.CUTY HAS A PILUT IN WORD 6
42 EVERY MISSICN HAS A KIND IN WORD 6
43 EVENT NOTICES INCLUDE NEW, DAY
“4
45 THE SYSTEM OWNS THE ALL.CREWS
46
47 DEFINE UEsCRERNSSTZE, NIFLY.DAYS, SURGE.DAY S, UE.DELAY,UE.RECONST,
48 DAY o HI +CREWs TOVSUSED o QUANITY s OAILY oL CSS oL AST o RELI EF y CONSECUTIVE DAY Sy
4§ ES
50 }
51 DEFINE MULTE.PILOT,EJECT.SEAT,PRESSURE,TY PEJNAME AS ALPHA VARIABLES

DEFINE LITESREQSoNITELREQS DAY, MISSe STATS yDAYoCREN.LLSSe SUMGMISS, STATS,

B-11
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CINE CICT STHSCRIPT TT.5 RELEASE 6C

03723778 PAGE 2

54 SUMOCREN LOSS o ACoREL IEF, TEMPO AS L-OIM ARRAYS

;2 DEFINE NORZ.MAINT sSURGE.MAINToCREN<LR JAC LR ¢ OUTY . HRS s BRIEF , SOR.RATE
57 2CUT,OFF o ARM, FUEL AS REAL VARJABLES A

g: DEFINE MISS.TIME, SRATES,RATIOS AS REAL 1-DIN ARRAYS

1 E
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CINE CACT SIASUKRIPT ITI.5 RECEASE BG - 03723778 PAGE 3

MAIN

DEFINE DUM AS AN ALPHA VARLABLE
. DEFIN R N[ T, CR £S

LETY

1
2
3
4
3 5 DEFINE STATS AS REAL 1-DIM ARRAY
[
7
8

_DAYSe INa SCENARIC=230
LEY CONSECUTIVE.DAYS=6

9 LET 300FT.S= €¢
‘ 10 LEY 30DFT.M=100 _
: 11 LET 30DFT.P=120
3 12 LET 300FT.E=80
12 _ 1LET_IDFT.Ss 30

! 14 LET T0DFT.M= 50

15 LET 24HFT.$= 1

16 LEY 26HFTaM= 12

17 LET 24HF.S = 2

18 LET 24HF.M = 2

20 DAY.CREW.LOSS AS 2, SUM.MISS.STATS AS 2, SUM.CREN.LOSS AS 2,

21 ACRELIEF AS 20, TEMPO AS 30y MISS.TIME AS 2
ERVE RATIOS AS 50, STATS AS 8, SRATES AS S50

23 CREATE EVERY AC.STATE(3)
24 CREATE EVERY CRUW.STATE(3)
2¢

26 *'READ A NEW CARD

27 'REAC?
28 START_NEW CARD
29 READ DUM
30 IF DUM=END »
31
. 32 *'STOP SIMULATIONS
32 ST
34 ALWAYS
3¢ IF DUM="SQDN"
36
* 37 _**SCLADRON CARD
« 38 READ DUM, TYPE
‘ 39 READ DUM, NAKE
40 READ DUM.UE
41 READ DUM¢NORM. FAINT
42 READ DUMe SURGE JMATNT
; 43 READ DUM. ARMLFUFL
46 READ DUM,MULT [P ILCT
} 45 RZAD DUM, PRESSLRE
! 46 READ DUM,EJECT.SEAT
: 47 GC 10 READ"
i 48 ALKAYS
; &S 1F_CUMs"SCEN® -
4 50

51 ' *SCENARIO CARD
A

52 READ DUMsCREK.LR

Vo
. r,]
H4
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TINE CACT STRSCRIPT TT1.5 RELEASE 80 03723776 PAGE

LY .DAYS
55 - READ DUM,SURGE .DAYS
56 READ DUMoUE.DELAY
s1
st GC TO READ
5 ALKAYS
60 LF_DUM=*0P NS*
61
62 *'OPERATIONS CARD
Y _
64 READ DUMyLITEL.REQS (1) ,DUM,NITE.REQS(1)
6s READ DUM,LITE.REQS (2),DUM,NITELREQS(2)
12)
67 READ DUM,BRIEF
68 GO 10 READ
69 ALBAYS
70

T1 *'RUN CARD
~—J2. _ _READ NUMREPS . wARM.UP,CUT . OFF

73 LET NUMJRUN=0
T4
X q E
76 FCR I=1 TO WARM.UP LET GO.ON=RANDCM.F(1)
__1;__11&E£L1£AIIQN_LQDP
18
80 FOR IL=1 TGO NUF.REPS
8} DC
82 AGD 1 TU NUMJRUN
83 LET BETWEEN,V=C
84
85 ' *'CALCULATE DAILY TEMPC
8¢ FOR I=1 TO 30 LET TEMPO{I)=1 *9ASSUME NORMAL'®
87 IF_SIRGELDAYS=(
88 GG TO WX
8s ALKWAYS
= = [X] £
91
92 ' 'IKSERT NCN FLYING DAYS
Q23  epxt
94 FOR I=1 T0O NOFLY.CAYS DGO
95 LET IDAY=RANDI.F(1,DAYS.IN.SCENARIO,L)
9f LEY TEMPC(ILAY1=4
97 Loage
98
—3S _UINITIA THIS RUM
100 FCR I=1 TOUE BC
n1 CREATE AN AIRCRAFT
102 FILE AJRCRAFY IN AC.SET(1) e >
102 Lcee- : '
104
105
10¢ LET HI.CREW=0D
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LINE CACI SIMSCRIPTY 11.5 RELEASE 86 7 03/23/78 PAGE

107 LEY DAY=Q
108 LET SORJRATE=Q
109 LET LASTL.RELIEF=Q
110 FOR I=1 TG0 20 LFY AC.RELIEF({{)=n
11 FCR I=1 TO 2 pC
112 LET SUMJCRE®,LOSS(I)=0
113 = LEY SUM.MISS.SYATIS{I)=0
114 Lcor
115
(R XsTH ¢ ETERS
117 IF NUM.RUN GT 1 GO TO RUN ELSE
118 START NEW PAGE
119 PRINT 11 LINES MIYH TYPE NAME cUE 2 NORMe MAINY 2 SURGEMAINT s
120 ARM.FUEL ¢ MULT I PILCT JPRESSUKESEJECTLSEAT AS FOLLOWS

INPUT SUMMARY

SCUACRCN ATTRIBUTES:

SCECN A/C SQDN MAINT HR/FLIGHT HR REARM MULTI PRESS EJECT
TYPE TYPE Us€ NORMAL SURG E REFUEL PILOT URIZED SEAT
SEBSAE SHEAEES SAE YRT P T 8,88 ”"e  ss% %
121
122 PRINT 8 LINES WITH AC.LR,CREWLLR ¢yNOFLY.CAYSySURCELCAYS,UE.DELAY,
ECONST AS FOLLCWS
SCENARIOC PROPERTIES:
ATTRIN PER _SORIILE NONFLY  SURGE  A/C RESUPPLY
A/C CREW DAYS DAYS DELAY ALLGTMNT
o, 494 % S A0 P s Pe 28
—A24
12¢ PRINT 8 LINES WITH DUTY . HRS,LITELREQS {1 )} yNITELRECS(L)4LITE.REQS(2),
12¢ NITELREQS(2)eMISS.TIME(1 ) ,MISS.TIME(2) 4BRIEF AS FCLLONWS
. OPERATICNS DOCIRIME:
DAILY MISSION REQUESTS ALERT REGUESTS MISSION TIME QRIEF
QUTIY HRS DAY NITE DAY NITE MNORMAL ALERY T IMES
TR s ex  wex Ty 9, ¥ sx.8  B5,%
127
H S
RUN INFCRMATICN:
FBER M N HT_HOUR
REPLICATIONS SEED CUT OFF
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LINE CACI SIMSCRIPT I1.5 RELEASE 8G 03/23778 PAGE 6
3% 2223 1] & k%
129
LN ] 4 « - E
131 ¢ SANC NO EJECTIGN SEAT
132 LEY CREW.SIZE=1
= [ B ] S
134 LET TOFT= TDF1.S
135 LET 24HFT=24HF 1, S
12¢ LET 26HF =24HF,S
137 IF MULTIPILOT=nYES "
138 LET CREW.SIZE=2
139 LET 300FT=3QDFT .M
140 LET 7TDFT= 1DFT.M
i41 LET 24HFT=24HFT M
142 LET 24HF =24HF ¥
143 IF PRESSURE="YES "
144 LET 300F71=3NDFT.P
145 1F EJECT SEAT="YES *
146 LEY 30DFT=30DFT.E
147 ALWAYS
148 ALMAYS
149 ALWAYS
150
151 _*RUN®
152 SCHEDULE A NEA.DAY NOW
152 START SIMULATICN
154 __°'END REPLICATICN
155 Lcee
156 FOR IL=1l TG MUM.REPS
157 COMPUTE SJYATS(11 AS _MEAN,
158 STATS(2) AS STD.
159 STATS(3) AS MAX,
160 cstn)
161 FOR IL=1l TO ANUM,REPS
162 CCMPUTE STATS{S) AS MEAN,
1¢3 STATS(6) _AS SiDe
164 STATS({7) AS MAX,
165 STATS(8) AS MIN OF SRATES(IL)
Slee o STARI_NEK PAGE
167 PRINT 8 LINES WITH NUM.REPS,STATS(1),STATS(2),
168 STATSE3) o STATS(4) ¢STATS(S ) e STATS(6) »STATS(7),STATS(8) AS FOLLOWS
MULYIPLE CASE STAYISTICS:
{STATISTICS FOR *¢ REPLICATICNS CF THIS CASE)
AIRCREN SEAT RATIO SCRTIE RATE
MEAN STD.DEY PA X MIN MEAN STD.DEV MAX MIN
[t s 1 *E 2% 5, 8% 26 %% *8 .88 sk 8 29,88 &%, &%
1685
170 GC TG _READ
171 EAC
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e QG AL _YABIABLES OF THIS ROUTINE

cUM ALPHA  WORD 1 GO.GN REAL WCRD 4
I INTEGER  WORD 30
1.2 INTEGER WORD 20 1.3 INTEGER WORC 21
IDAY INTEGER WORD 32 n INTEGER WURC 31
3 Jal INTFGER __WORO 22
Kol INTEGER WCRD 24 Ke2 INTEGER WGRC 25
K.3 INTEGER WGRD 26 Ked INTEGER WCRD 27
—1s28  DOUBLE WORD 33 1,29  DOUBIE  WORD 35
L.20 DOUBLE © WORD 37 L.31 DOUBLE  WORD 39
L.32 DOUBLE  WORD 41 L.33 COUBLE  WORGC 43
127 DGUALE _ WORD 45 1.38______DOUALE __ MCRC 47
Le29 DOUBLE  WORD 4§ L.40 DOUBLE  WORLC 1
L. 41 DOUBLE  WGRD 53 Lo42 OOUBLE  WORD 55
—Na) _ INTEGER WORD 23 NUM.BESS  INTEGFR WORD 28
Rel DOUBLE  WORD 17 REC.RATE  REAL WORG 2
STATS REAL WGRD 5 WARM.UP  INTEGER WORC 29
— 24HFT M. INTEGER WOBD 13 24MET.S _ INTEGER WORD 12
24VF M INTEGER %ORD 15 24HF .S INTEGER WCRD 14
30CFT.E  INTEGER WORD 6 300FT.M  INTEGER WORD 7
—30DFT.P ___INTEGER___WORD 8 10DET.S__ INTEGER MORO &
T0FT .M INTEGER WORD 11 0FT.$ INTEGER WORC 10
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CINE CACYT SINSCRIPY IT.5 RELEASE 8G 03723778 PAGE L

1 EVENT NEW.DAY
5 \_NEW.D -
3 DEFINE SEAT.RATIO AS A REAL VARIABLE
4 DEFINE STATS, CREW.STATS AS REAL 1-DIM ARRAYS
5 RESERVE STATS AS 8, AND CREN.STATS AS 3
€
7 _LET TIME.V=TIME.S
8 LET YTD=DAY
9 ADD 1 TO DAY
10
11 **TRIGGER DEBUG TRACE GN DAY INDICATED
12 1F DAY=99 LET BETWEEN.V=*TRACE®
12 ALKAYS
14
15 IF DAY=l
el EAD FL1SF
17 START NEW PAGE
1e PRINT 8 LINES AS FCLLOWS

SIMULATION RESULIS

——— DAILY SUMMARIES (RUN NO. 1 [F CASE REPLICATED):

ADMI MISSED

CAY  CREW LOSS HI AVAIL CREW FLT.HR  CREW AVE MISSION STATS
N___KIA CREW_A/C AVE =~ MAX MISC.CUTY MET

19 HERE
—20 _ LEY CUANITY=UF
21 LEY TOT.USED=UE
22 GC TO GEN
22 ALKWAYS
24 CALL SR.CALC
2¢ IF TEMPO(YTDI=4
EAD_FLSE
27 PRINT 1 LINE WITH YTO AS FOLLONWS
**  NONFLYING DAY
28
29 HERE
3o ACD NITE.REQS(1}¢NITEL,REQSI2) +LITE.REQS(1)+LITE.RELS(2) TO
3l SUM.MISS.STATS(2)
32 GC TO END.CHECK
33 ALWAYS
34
35 OUTPUT DAILY STATISTICS SKIPPING LOST CREWS
3¢ IF NUM.RUN GT 2 JUMP AHEAD ELSE
37 _FOR_EACH CREW CF ALL.CREWS, WITH TIME, REST(CRENW) G6E O
38 CCMPUTE CREW.STATS(1) AS MEAN, CREW.STATS(2) AS MAXIMUM OF CURLFHRS(CREW)
39 FOR EACH CREW OF ALL.CREWS o WITH TIME.REST(CREW) GE O
40 CCMPUTE CREW.STATS(3) AS MEAN OF
41 DUTY.HRS~CUR. FHRS{CREW) ~CUR. SORT(CREW )*2#BRI EF
42 PRINT 1 LINE WITH YTD,DAYoCREWLOSS(1) ¢DAYeCREWLLOSS(2) yHI+CREN,QUANITY

43

CREW.STATS(1) ¢CREWSTATS(2) yCREWLSTATS (3) qDAY MISS,STATS(1),

%4

DAY MISS.STATS(2) AS FOLLCWS
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LINE CACI SIMSCRIPY Il1.5 RELEASE 86 03723778 PAGE 9
*& b ¥ *kk %2 &k K. % | o ) *% % &% Xk
45
4& HERE
47 CENC,.CHECK®
48 IF DAY=DAYS.IA.SCENARIO+1
49
— 50 _*'0LTPLT SUMMARY STATISYICS
51
52 LET COUNT=0
—_53 . ]
%4 GT CUT.CFF ADD 1 TG COUNT
55 LET SEAT4RATIC=CCUNT/UE
56 LEY RAVIOS (NUMRUN)I=SFAT .RATIO
57 LET SRATES(NUM.RUN)I=SOR.RATE
58 IF NUM.RUN GT 1 GO TG NEW ELSE
sS SYART_NEM PAGE
60 FOR EACH CREW OF ALL.CRERS WITH TOT.FHRSICREW) GT CUT.OFF
61 COMPUTE STATS{1) AS MEANs STATSI(2) AS STD, STATS(3) AS MAX, STATS(4) AS MIN
62 QF _TOT.FLIGHIS(CRENW)
62 FOR EACH CREW CF ALL.CRENWS WITH TOT.FHRS{CREW) GT CUT.OFF
64 COMPUTE STATSUS) AS MEAN, STATS(6) AS STDs STATS{7) AS MAX, STATS(8) AS MIN
£S5 OF VOY.EHRS(CREW)
66
67 PRINT 10 LINES WITH CUT.OFF, SEAT.RATIO AS FOLLOWS
\ 0. 1 _1F CASE REPLICATED):
(STATISTICS REFLECT THCSE CREWS WITH TOTAL FLIGHT KRS GREATER THAN #%,%%)
Al RCREW SEAT
RATIO
%, %%
68
6S PRINT 6 LINES WITH STATSU1},STATS{2)+STATSI3)¢STATS(4)e STATS{5),5TATS(6}),
— 20 STATS(T) o STATS18) + SUMGCREW.10SS(1) «SUMQCREWSLOSS(2),COUNT AS FOLLOMS
CREW SORTIES FLOWN CREW TTL FLIGHT HR3 CREW LOSS CREW
MEAN STD.DEV MAX PIN MEAN STO.DEV MAX MIN ADMIN  KIA COUNT
MR B EE %, 2 #5,%  AR .k Ak, %k 9% “*% "
71
T2 FOR EACH CREW CF ALL.CREWS WITH TOT.FHRS(CREW) CT CUT.OFF
_CCMP
T4 OF TOToMISC.DLTIY(CREW)
1¢
PR i \f
17 SUMoMI SSe STATS(1)} 9 SUMJMISSeSTATS(2) AS FOLLOWS
CREW TTL MISC.OUTY A/C A/C SORTIE MISSION STATS
FEAN STOD.DEY MAY MIN USED RATE MET MISSED

T o
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~—TINE CACT SiF5CRIPT I1.5 RELEASE 86 : 03723778 PAGE 10

. 88,8 S8 .k PRE % S & LLL] .58 $388 se5E
78
79 PRINT & LINES AS FCLLONWS
TOTAL FLIGHT HRS FOR EACH CREW (RUN NO. 1 IF CASE REPLICATED)
80
81 FCR EACH CREW CF ALL.CRENS
8 P . S
CREW NUMBER *xx HAS *&3,%% TQOT,FHRS
82
84 **OREPARE TO RUN A NEW CASE
85 ’
8€ CAEW?
87 FCR_I=1 10 3 pe
88 *KC* FOR EACH CREW OF CREW, SET(I),FIND THE FIRST CASE
8s IF NONE
90 IUMP _AHFAL
91 ALKAYS . .
92 'RENOVE THE CREW FROM ALLJCRENS
93 —REMOYF THF CREW FROM CRFN.SET(I)
9% DESTROY THE CREW
95 60 TO KC
9& HERE . ; .
97 *KA*' FOR EACH AIRCRAFT OF AC.SET{I),FIND THE FIRST CASE
98 IF NONE
98 CYCLE
100 ALWAYS’ i
101 REMOVE THE AIRCRAFT FROM AC.SET(1)
102 DESTROY _THE AIRCRAFT
103 GO TO KA
104 Lcep
105 oy
106 'Kl FOR EACH END.DUTY OF EV.S({I.END.DUTY), FIND TEE FIRST CASE
107 1F NONE
108 JUMP AHEAC
199 ALNAYS
11n CANCEL THE END.OUTY
113 DESIRAY THE END.QUIY.
112 GO0 70 K1
112 HERE
12 END.MISSION OF EVaSC(I.END.MISSION), FIND THE FIRSY CASE
11¢ IF NONE
116 JUMP AHEAC
117 ALMAYS
118 CANCEL THE END.MISSICN
119 DESTROY THE ENDoMISSION
120 ‘ GO _YQ k2 . .
121 HERE X
122 *K3*' FOR EACH ENDJSORTIE OF EV.S{I.ENDsSORTIE), FINC THE FIRST 'CASE
123 JF_NONE . . , .
124 : JUMP AHEAD

on
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UINE CACI SIMSCRIPT T1.5 RELEASE 86 03/23/78 PAGE 1
125 ALBAYS :
12¢ " CANCEL THE END.SORTIE
127 DESTROY THE ENDsSORTIE
128 - GO YO k3
129 HERE
136  *K4' FOR EACH READY OF EVeS(I.READY), FIND THE FIRST CASE
131 1F_NONE
132 JUNP AHEAC
133 ALWAYS
134 CANCEL THE READY
135 DESTROY THE READY
13¢ 60 TO Ké
137 HERE
138 %KS® FOR EACH START,DUTY OF EV.S(1.START.DUTY), FING THE FIRST CASE
136 IF NONE A
140 JUMP AHEAL
141 ALWAYS
142 CANCEL THE START.OUTY
DUTY
144 60 TO KS
145 HERE
146 *K&' FOR EACH MISSION OF EV.S{I.MISSICN)e FIND THE FIRST CASE
147 IF NONE i
148 JUNP AMEAD
14% ALMAYS i .
150 CANCEL THE MISSION i '
151 DESTROY THE MISSION
152 G0 YO0 K&
153 HERE ’
154 *KT' FOR EACH NEN.DAY OF EV.S{I.NEWN.DAY), FIND THE FIRST CASE
15¢ 1E_NONE
156 LET TINE.V=0 LET TIME.S=0' GO TO CONT
157 ALVAYS
158 CANCEL THE NEW.DAY
159 DESTROY THE NEW. DAY ”
160 60 TO K7
161 _ALWAYS
162 .
162 ¢ 'REPLACE AIRCRAF1
164 CALL REP.AC
165 IF TENPO(DAY)=4 GO TO SKIP '*NO MISSICN GENERATICN ON NO FLY DAY
166 ALRAYS
161
168 SCHEDWLE MISSIONS
165 *GEN! 4
170 FOR I=1 TO 2 0
171 “FOR J=l TO' L{TELREQS(T) DD
172 SCHEDULE A MISSION(I) AT TIME.V*+UNIFORM.F{Geso5+1)
172 LOgP
174 FGR J=1 10 NITE.REQS(I) DG
175 SCHEDULE A MISSION(T) AT TIME.V+UNIFORM.F{oSyle,2)
17¢ LOGP
177 LooP
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LINE CACI SINSCRIPT [1.5 RELEASE 8G 03/723/78 PAGE 12
178
176 °CSINITIAL DAILY CCUNTERS AND SCHEDULE A NEW DAY
180 *SXIp*
181 FCR I=1 YO0 2 ¢CQ
182 LET DAY,CRER.LOSS(I)=0
183 LET DAY MISSSTATS(IN=)
184 LOQP
185 LET DAILY.LCSS=0
18¢ SCHEDULE A NEW.DAY IN 1 DAYS
187 °*CCNV*
188 RETURN
188 END
LOCAL VARLIABLES OF THIS ROUTINE
COWNT INTEGER WGRD 33 CREW.STATS REAL  WCKC 3
I INTEGER WCORD 78 [.1 INTEGER WORC 7
1.2 __INTEGFR NCRD 8 1.3 INJEGER _WORD 9
J INTEGER WORD 88 Jel INTEGER WCRD 10
K.l INTEGER WORD 12 Ke2 INTEGER WCRO 13
K3 INTEGER __WORD 14 Kol INTEGER __MORD_15.
L.100 INTEGER WORD 87 Lel2 INTEGER WCRD 25
L.13 DOUBLE  WORD 27 Lel4s DOUBLE  WCRD 29
L.15 NOUBLE WORD 31 L.19 1 I D 3&
L.23 INTEGER WORD 35 L.24 DOUBLE  WCRD 37
L.25 DCUBLE WORD 3¢ Le26 DOUBLE  WCRD 41
La27 DCUBLE — WORD 43 1,28 DOUBLE _ NORD 45
L.29 DOUBLE  WORD 47 L.33 INTEGER WCORD 4§
Le34 pousLE WORD 51 Le35 DOUBLE  MWCRD 53
—L.26 DOUBLE _HORD S5S 1,37 ~ DOUBLFE  WORD 57 \
L.28 DOUBLE  WORD 59 L.39 DOUBLE  WORD €1
L.4 INTEGER WORD 16 Le43 INTEGER WORC €3
Lab4 DOUBLE __ WORD AS Lab% OOUBLE  KCROD 67
Lo &6 OOUBLE  WCRD 69 Lea7 DOUBLE  WORD 71
L.48 DOUBLE  WORD 73 Le 49 DOUBLE  WORD 75
Lol DOUBLE MORD 17 1.53 INTEGFR WORD 77
Lo & OOUBLE  WORD 19 L. 6y INTEGER WCRD 79
Le €5 INTEGER WORD 80 Le7 DOUBLE  WGRC 21
1.70 INTEGER __WORD A1 La15 INTEGER MCRD A2
L.8 DCUBLE  WORD 23 L.80 INTEGER WCRD &3
L. 05 INTEGER WORD 84 Le 90 INTEGER WORD &5
La95 INYEGER WORD :R& Nal INTEGER MCROD 11
R.1 DOUBLE WORD 5 SEAT.RATIO REAL WCRD 1
STATS REAL WCRD 2 Y70 INTEGER WORC 4
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UINE CACY SIRSTRIPY TI.5 RELEASE 86
—— 1 EVENY MISSION(KINC)

03723778 PAGE [3

2
. 3 DEFINE SOAY AS A REAL VARIABLE
4

5 LET VIME.V=TIME.S

6 IF NeACJSET(1) EQ O *°NO AC AVAILABLE
1SS, SIATS(2)

8 ADD 1 TO SUMeMISSe STATS(2)
S RETURN

10
11 ALWAYS **MISSION WILL B8E FILLED
12 ACD 1 TO DAY.MISS.STATS{(1)
13 ADD 1 TO SUMaMISS.STATS(1)
14
13 C**'FIND CREW MOST NKEAR END DUTY WITH TIME TO FILL PISSICN
16 E £ AE_
17 TIMELREST(CRER) AND 24HF T-CUR.FHRS(CREM) GE MISS.TIME(KINDI/24 AND
18 24HF-CUR. SORT(CREW) GT O
19 EIND THE FIASY CASF
20 IF NONE GO TO BIRTH -
21 ALWAYS
22 FOR EACH CREW OF CREWLSETI2hs MWITH TIMEMeMISSoTIME(KINDLI/ 24
23 +2¢BRIEF/24 LE YIME.REST(CREW) AND 24HFT-CUR.FHRS{CREW) GE
24 MISS.TIME(KIND) /724 AND 24HF-CUR.SORT(CREW) GT O
25 COMPUTE IMIN AS MIN(ICREM) OF TIMEL.REST(CREW}
26 LET CREW=IMIN
27 REMOVE THE CREW FROM CREW.SET(2)
28 G0_70 GETAC
29
30 *°NEED A CREW
31__'CIRIH!
32 CREATE A CREW FILE CREW IN ALL.CREWS
33 AOD 1 TO HILCREW LET NUMBER(CREW)=HILCREWN

! — 34 LEV VIME.REST((REW)=TIME,.V+DUTY.HRS/24
35 SCHEDULE AN END.DUTY(CREW) AT TIME.REST(CREW)
36 LET IDAY=RANDI.F(1+CONSECUTIVELDAYSy1)
a1 LET LAST.OFFICREN) =NAY=1DAY

. 38
39 'CETAC?
40 FOR._EAC ST _CASE
41 REMOVE THE AIRCRAFT FROM ACL.SET(1)
42 LET FLT.TIME(AIRCRAFT)=MISS.T.IME (KIND) ] .
43 1E :

==~e=CREW ® AND AIRCRAFT * ARE FILLING THE MISSION

44
4% ALWAYS
46 Y'TREAT ALERT MISSION
47 IF KIND=2
A8 FILE AIRCRAFT IN ACLSET(2) _°¢ 1
49 FILE CREW IN CREW.SET(3) **FLIGHT DUTY
50 SCHEDULE AN END.MISSIONICREW) AT TIME.VONISS.TlnE(2)/2602#BR1EF126
51 H E A RY T 4 F /24
52 RETURN
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LINE -CACI SIMSCRIPTY 1.5 RELEASE 86 ; 03723778 PAGE 14

53 ALRAYS -
54
55 ¢ IDETERMINE CREW SURVIVABILITY
x
57 IF.RANDOM,F(1) LE CREWN.LR '°'CREN LOST
Y
59 $IRFMOVF THE END.CLTY EVENT FOR THIS CREM
60 FOR EACH ENC.DUTY OF EV.S(IJEND.DUTY) WITH
61 PILOT(END.DUTY)=CREW FIND THE FIRST CASE
62 CANCEL THE END,DUTY
63 DESTROY END.DUTY . ;
64 ADD MISS.TIME(1)/2 TO TOT.FHRS (CREW) °*GIVE CREDIT FOR 1/2 SORTIE
&S ADD MISS.TIME(L)72 TO CURLFHRS (CREN) ,
66 LET SDAY=TIME.REST(CREW)~DUTY.HRS/24
67 ADD (TIME.V-SDAY)#24-CUR. SCRT(CREN) #(MISS.TIME(1)¢2#BRIEF) TO
$s(2)
69 LET NEXT.STATExl ADD 1 TO SUM. CREW.LOSS(2)
70 LET TIME.REST(CREW)=-1 **FLAG KIA LOST CREW
1
72 IF BETREEN.V NE 0 PRINT 1 LINE WITH CREW AS FOLLOWS
——==<CREN * 10ST
13
T4 ALWAYS JUMP AHEAD
7s ALWAYS
16 ADD MISS.TIME{1) YO TOT.EHRS(CR Bl
77 ADD MISS.TIME(1) TO CUReFHRS(CREW)
78 ADD MISS.TIME(1) TO CUM.FHRS(CREW)
19 SCHEDY! € AN END.MISSIONCCREM) AT TIME.VeMISS.TIME(1)/2420REEE/24
80- ADD 1 TC CUR.SCRT (CREW) ‘
81 ADD 1 TO TOT.FLIGHTS(CREN)
[ 3
83 FILE CREW IN CREW.SET(NEXTe STATE)
84
A% YNFYERMINE A/C SIRVIVABILITY
86 IF RANDOM.F(1) LE AC.LR 9'A/C LOST
87 ADD 1 TC DAILY.LOSS

AB DESTRCY THE AIRCRAFT

89 IF BETWEEN.V NE O PRINT 1 LINE WITH AIRCKAFT AS FULLONS
~===<AIRCRAFT * LCST

90

91 ALWAYS RETURN '

92 ALNAYS SCHEDULE AR END.SORTIE(AIRCRAFT; AT TlHE-VOMISS-TlHE(lOleOBRlEF/Z#

EN
94 RETURN
9% EMNC
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TTCINE CTACT SIRSURIPY IT.5 RELEASE 86

LOCAL VARIABLES OF THIS ROUTINE

_INTEGER WORD 16

INTEGER WCRC 22

INTEGER. WORD 24
INTEGER WCRC 27
L8._MORD 29

DOUBLE ~ WCRD 7
DOUBLE  WCRO 11

INTEGER WORC 4
INTEGER WCRC 25
DOUBLE  WCRD 19

1.1 INTEGER WORD 21 1.2
I.3 INTEGER WORD 23 1DAY
IMIN INTEGER WORD 1S da1
K.1 INTEGER XORD 26 Ke2
K,3 INTEGER
KIND INTEGER WCRD 1 L.10
L.11 OOUBLE  WORD 9 L.12
Lel3 OQUBLE _WORD 13 - Lol7 . INTEGER WORL 17
.21 INTEGER &ORD 31 Led
L9 INTEGER WORD 5 N.1

—NEXTLSTATF_INTEGER _WCORD 30 R=%
30AY REAL WCRD 3
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TINE CUICT STASTRIPY IT.5 RELEASE 8G ; T 03723778 PAGE 1%

[ EVENT _END,DUTY(P]LOT) - : R—

3 DEFINE RESTYM AS A REAL VARIABLE

5 LET 1IHE.V'TINE.S
€ LET CREw=PILOT
7 _R o SET(2)

8 FILE THE CREW IN CREW.SET(1}
9 AL OU'W.MS'-Q.UR.SORY(CREH)’(HISS.TIHE(UOZ‘BRIEF) TC IOT.HISC-DUTY(CREH)
10

11 1IF 701’.FHRS("REH) GE 30DFT 9430 DAY EXHAUSTIGN; LENE CREU IN REST FOR EVER

12 ADD 1 YO DAY.CREW.LOSS(1)
2LDSS(1) : : :
14 LET TIMELREST(CREN)=~1 °**FLAG ADMIN LOST CREH
15 RETURN
——16 ALMAYS
17
18 IF CUM.FHRS(CREW) GE TOFT *'7 DAY EXHAUSTION®®* (R DAY~LAST.OFF(CREW) GE
L1 SECUTIVE DUTY CAYS
20 LEY CUMFHRS(CREW)=0
21 LET LAST.OFF (CREW)=DAY+1
22 LET RESTYM=1+¢1-DUTY.HRS /24 SCEXTENCED REST z
23 GO TO RESET -
24 ALMAYS
_ZL__LELRESIILLMII.HRSLZA_MST
26
27 CRESET?
—28 SCHENULE A STARTLCUTY(CREW) AT TIME.VRESTYM
29 RETUKK
30 EMD

LOCAL VARIABLES OF THIS ROUTINE

PILOT INTEGER WCFD 1 RESTYM RE AL WCRC 3
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—CINE TR T SIKCRIPT YT-5 RECEASE 8G

e s ik

1 EVENY END.MISSIGN(PILCT)

03723778 PAGE IT

2
2 LET TIME.V=TIME.S
=PILOY

S REMCVE THE CREW FROM CREW.SET(3)

6 FJILE THE CREW IN CREW.SET(2)

8 EM -

LOCAL VARIABLES OF THIS ROUTINE

— PILOY INTEGER SCRD

1
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—LINE—CACLSINSCRIPT 115 —RELEASE-96-

EVERT START.DUTY(PILCT}

LET TIME.V=TIME.S
LET CREW=PILOTY

REMOVE THE CREK FROM CREW.SET{1)
FILE THE CREW IN CREW.SET(2) ’
LEV VIME,RESTICREK)=TIME.VeDUTY.HRS/24

SCHECULE AN ENDJDUTY(CREW) AT TIME.RESTICREW)
LET CUR.SORTICREN)=D
1 )=

S B O W N e

11 RETURN
12 “END

LOCAL VARIABLES OF THIS ROUTINE

PILOY INTEGER WCRD 1
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CINE~ CACY SIASCRIPT IT.5 RELEASE 8G

EVENT END,SORYIE(PLANE)

~03723778 PAGE 19 —

ODEFINE DOWN AS A REAL VARIABLE

LET AIRCRAFT=PLANE

1

2

3

& LET VIME.¥=TIME.S

5

6 REMOVE THE AIRCRAFT FRCM AC.SET(2}

7 FILE AIRCRAFT IN AC.SFY{3)

8 LET INDEX=TEMPO(DAY)
9 IF INDEX=2 GO TO SURGE ELSE
T»

11 LET DOWN={BACKLOG (ATRCRAFT) #FLT. TIME (AIRCRAFT)*NORM. MAINT+ARMLFUEL) 724

12 LET BACKLOG(AIRCRAFT)=0
13 GC IC SCHED

14 *SURGE® ,
15 LEV DOWN=(FLT.TIKE(AIRCRAFT)#SURGE.MAINT+ ARM. FUEL 1724

17 *FLY.TIME(AIRCRAFT))

18 *SCHED*

—— 1S LEY FLYLTIME{AIRCRAFT )20

20 SCHEDULE A READY{AIRCRAFT) AT TIME.V+COWN
21 RETURN

22 €MD
LOCAL VARIABLES OF THIS ROUTENE
COWN REAL WORD: 3 INDEX INTEGER WCRC
PLANE INTEGER WCRO 1

B~-29




[T

“TCINE CACU STASCRIPY IT.5 RELEASE BG 03723778 PAGE 20
1 ENENT READY(PLANE)
2
3 LEY VIME. =TIME.S
4 LEY AIRCRAFT=PLANE
§ REMGVE THE AIRCRAFT FRCM AC.SEV(3)
6 FILE THE AIRCRAFT IN AC.SET(1)
T __RETURN
* 8 END
‘LOCAL VARIABLES OF THIS ROUTINE
PLANE -INTEGER WCRD )
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TLTINE™ CAUT SINSTRIPT IT.5 RELEASE 8G 03723778 PAGE 21—
1 RCUTINE REP.AC
2 " 'THIS ROUTINE RECONSTITUTES AIRCRAFY
2
4 V'SCHEDWE FUTURE REPLACEMENTS
€ LET GCNE=DAILY.LGSS
6 LET ORDAY=MAX.F(DAY-1¢UE.DELAYsLAST.RELIEF)
T 'MORE®
8 IF ORDAY GT DAYS.IN.SCENARIC JUMP AHEAD
9 ALWAYS
10 LEY LASTRELJEF=CRDAY
11 LET AVAIL=UE RECCNST~AC.RELIEF (CRDAY )
12 ADD MIN.F(GCNE,AVAIL) TO AC. RELIEF(ORDAYD
13 LET GONE=GONF-AVAIL
14 IF GONE GT 0O
15 LET ORDAY=0ORDAY+UE.DELAY
1¢ GO IC_MLRE
17 ALWAYS
18 IF AC.RELIEF{ORCAY)=UE .RECONST
19 LET LAST.REL IFF=CRNAY+UIE.OEL AY
20 ALWAYS
21 HERE

- 22 ADD_AC.RELIEFIDAYY TID TAYLUSED

23 LET QUANITY=CUANITVY-DAILY.LOSS*+AC.RELIEF(LAY)
24
25 __Y'REPLACE A/ZC
2¢ FOR I=1 TO AC.RELIEF(DAY} B
27 M N ‘
28 CREATE_AN_AIRCRAFY
2% FILE AIRCRAFT IN AC.SET(1)
30 Logp
31 _REJURN
32 END
LOCAL VARIABLES OF THIS‘ROQTINE
— AVAIL ..  _INTEGER__MORD 3 GONE INTEGER _WCREL. 1
1 INTEGER WORD 4 ORDAY INTEGER WCRC 2
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LINE CACI SIMSCRIPT I1.5 RELEASE 8G

03/23/78 PAGE 22

RCUTINE SR.CALC
¢ *THIS ROUTINE CALCULATES CURRENT SORTIE RATE

DEFINE NOJAC AS A REAL VARIABLE

AR PN -

L) Y 172 1CSY

T LET NOAC=QUANITY-DAILY.LOSS/2
8 LET SORMRATE=(DAY.MISS.STATS{1)/NO.ACH+{DAY~1)#*SORLRATE )/ DAY
S __RETURN

1¢ END

LOCAL VARIABLES OF THIS ROUTINE
— NOJAC = REAL WORD 1

2
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CINRE CACT SIASCRIPY I1.5 RELEASE BG U37c377T8  YAGLE

RCUTINE TO TRACE

<3

**THIS ROUTINE USED EGR'DEBUGGING IF DESIRED
¢IT TRACKS THE TIME CF EACH EVENT WITH ASSOC. INFC

GC TC 14253+435,6+7 PER EVENT.V
"]

@~ O W[ W NI

PRINT 1 LINE WITH TIME.V,PILCT(END.DUTY) AS FOLLOWS
$$$$SAT TIME *¢, %% C(CREh * IS ENDING OUTY
S _RETURN

1c *2¢
11 .
P ¢ TH TIME.V.PILOTL(END . MISSION) AS FGLLOMS

$SS$SAT TIME *¢,%%¢ (REW * IS ENDING MISSICN
12 RETURN
14

15 32
16 PRINT 1 LINE WITH TIME.V,PLANE(END.SORTIE) AS FOLLCWS

+602eAT TIME *%,%%  A/C * 1S Eunjuﬁ_sngljf__
17 RETURN
18
19__*4°
.20 PRINT 1 LINE WITH TIME.V,PLANE(READY) AS FOLLOHS
44 ¢AT TIME #%,%¢ A/C * IS READY
21 _RETURN
22
23 V&
] S
$$SSSAT TIME *8,4& CREW * IS STARTING DUTY
25 LIST ATTRIBUTES GF CREW CALLED PILOT{START.DUTY)
26___RETURN
27
28 ¢
s
MIIAT TIME *3,%¢ NMISSION * OCCURS
30 RETURN
a1
32 ¢
33 PRINT 1 LINE NITH DAY+1,TIME.V AS FOLLONS
*__STARYING AT 28 .8%
34 RETURN
35 END
LOCAL VARIABLES OF 'THIS RCUTINE
l.l INTEGER * %ORD 3 le2 INTEGER WORD 4
1.3 INTEGER WORD S Jel INTEGER WCRD 6
Kel INTEGER WCPD 8  Ke2 =~ INVEGER WCORQD 9
Ke3 INTEGER WORD 190 Ke& INTEGER WORC 11
Nel INTEGER WORD 7 R.1 DOUBLE WCRD 1
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//RSG22519 JUB (2490+85S+4) Jos S19
SreROITE PRINT REMOTEIS SOSINYLe
®SOROUTE PUNCH.REMOTE3G *0SIwYL®
*8eRES Cx190K

*owMESSAGE DLLIVER TU BOR GAHNERO S.R.Ie BLDG 30

/7/SIM EXEC SIM25C

eoe CTL CNSAJ40+JOATE=TT189 d 00000010
ese  SIMSCRIPT 11.5 CUMPILE ONLY 00000020
XXS M EXEC  PGMaCOMPREGION=]90K 00000030
XXSTEPLIB DD OISPaSHR.DSN=5YS2,SIM25R8 00000040
XXSYSPRINT DD SYSOUT=A . 00000050
XXSYSUT1 DD UNIT=3330+SPACE=(32004(2004200)) 00000060
XXSYSUTZ2 00 UNIT=3330+SPACE=(32004(50+50)) 00000070
XXSYSLIN DD UNIT=3330¢DSN=GLLOADSEY ¢D1SP={MOD¢PASS) ¢ 00000080
XX SPACE=(3200+(120+90)) 00000090

//SYSIN 00 =

1EF236] ALLOC,
1EF2371 S73
1EF2371 753
1EF2371 S8S
1EF237] S84
1EF237] 565
1EF2371 720

GENERATED STATEMENT
FOR kS(L,ZZ519 SiM SimM
ALLOCATED TO STEPLIB

ALLOCATED TO SYSPRINY’

ALLOCATED TO SYSUTl

ALLOCATED TO SYSuT2

ALLOCATED TO SYSLIN

ALLOCATED TO SYSIN

1EF1421 - STEP wAS EXECUTED = COND CODE 0000

I1EF2851  SYS2,SIM2SRE KEPY
1EF285]  vOL SER NOS= STR315. N

1EF2851  SYSTB006.T135018.,RV000,RS622519.R0022922 OELETED
IEF285] VOL SER NOSs STR317,

JEF2851 SYS78006,T135018,RV000.2S622519,R0022923 OELETEDL
IEF2451  vOL SER NOS= STR303.

IEF285]  SYS78006,1135018,RVO00,RSGZ2512,LORDSET PASSED
1EF2851 VOL SER NOSx= STR317, et ’

JEF3731 STEP /SIM /7 START 78006,1350
IEF3741 STEP /SIM /7 STOP T8006,1351 CPU  OMIN 13,94SEC MAIN )74K-LCS OK
P T T T T T Ty Y T Y T Y T T T T LY Y Y Y PO TY Y YT VY LYY TPV TTYTTT Y XY XL Y

- -
st

A st g b o e

* MACHINE UNITS 1.86 TIME OF DAY 1351040 170 . TIME 0,12 SIEP TIMg 0,23 *
® REGION SIZE 190K USED 174K NO, OF TAPES~DISKS 9(~03 CMP COOE €C 0000 JOB TIME 0.23 ¢
® EXCP COUNT DISK=> 669 TAPE= 0 RDR = 750 WIR = 925 PCA-= 0 L4
// EXEC SIM25LG

*%e CTL CNsA3L0sJDATEST7189 00000010

*0s  SIMSCRIPT 11.5 LINK-EDIT AND EXECUTE 00000020

XXLKED  EXEC PGMs]EwL REGION®=160K(PARM= L JSToMAPY 00000030

XXSYSLIB 0D DISP=SHR+DSN=SYS2,SIMLIBG 00000040

X'SYSLIN DD OSNsWALOADSET+D1SP=(OLDDELETE) 00000050

XXSYSPRINT D SYSOUT=A 00000060

XXSYSUT] DD UNIT=33309SPACE® (10244 (50020) ¢ 9 +ROUND) 00000070

/7/LKED,SYSLMOD DD DSN=CN2690RSGLOADLIB (CREWMAN) +DISP= ( +CATLGDELETE)

X/SYSLMOD DD DSNsLLGOSET(GO) yUNIT=(III0+SEPE(SYSUTLY )y 00000080

XX SPACE= (10249 (5092001))9015P=(4PASS) 00000090

1EF2361 ALLOC,
IEF2371 573
1EFEIT] S5U5
1EF2371 753
1EF237] Ses
1LF237] Sué
IEF142] = STEP
1LF285]  sYs2
166 ¢A5] VoL

FOR RSGZZ519 LKED

ALLOCATED TO SYSLI®

ALLOCATED TO SYSLIN

ALLOCATED TO SYSPRINT

ALLOCATED TO SYSUT]

ALLOCATED TO SYSLMOD

WAS EXECUTED = COND COUE 0000

+SIMLIBE KEPT
SER NUSS STR31S,

1647851  SYST8006,71135018.RV0O00.HS6GZ251941L0ADSET DELETED
1EF2AST  VOL SER NOSs STR3L7, '
IEF2RST  SYS78006,7135018.kV000,RSGZ2519,R0022926 DELETED
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I1EF2851 VOL SER NOS= STR317,

1EF2851  CN2490.,RSG.LOADLIB CATALOGED

IEF2851  VOL SER NOS= STR303,

1EF3731 STEP /LKED 7/ START 78006,1351

IEFJ76! STEP /LKED l STOP 78006,1352 CPU OHIN OI.AQSEC MAIN 96K LCS 0K

d NACN!NE UNITS 0.52 TIME OF DAY 13052.27 1/0 TIME 0436 STEP TIME 0.02 .
* REGION SIZE 160K USED 96K NO, OF TAPES~DISKS 00~03 CMP CODE CC 0000 JOB TIME 0.25 @
® EXCP COUNT DISK= 503 TAPEs 0 RDR s 0 WiIR = 138 PCH = .
1YY . FRENORNNISIENEHRNNERNINBNGLON one Sssgossessansase SRNEINRNNNNOHILEINNIDINRRRNYG
XX60 EXEC PGM-O.LKQD.SYSLHOD'PEGIONllOOK 00000300
XXSIMUOS DD DUNAME=SYSIN 00000110
XXSIMUO6 DD SYSQUT=A 00000120
XXSIMULT DD D]ISPaSHRIDSN=SYSZSTMERRS 00000130

/7/G0.SYSIN DU DSN®CN2490,RSGeTDATA+DISPESHR

7"

IEF236] ALLOC. FOR 5622519 GO

IEF237] 584  ALLOCATED TO PGM=®,DD

1EF2371 345  ALLOCATED TO SIMUOS

1EF237]1 753  ALLOCATED YO SIMUD6

1EFR3T1 573  ALLOCATED TO SImUl7

IEF142] ~ STEP WAS LXECUTED = COND CODE 0000

1EF285]1  CN2490.RSG,LOADLIB KEPT

IEF2851  VOL SER NOS= STR303.

1EF2851  CN2490.RSG.TDATA KEPT

1EF285] VOL SER NOS® wYL30l.

1EF28S1  SYS2,SIMERRSE KEPT

IEF285] VOL SER NOSs STR3LS,

1EF3731 STEP /GO / START 78006,1352"

lEFJ?bI STEP /GO / STOP 78006.1352 CPU OHIN 02 OGSEC MAIN 84K LCS 0K

. HACHINE UNITS 0.26 TIME OF DAY 13.52.35 170 TIME 0.01 STEP TIME 0,03 «
® REGION SIZE 100K USED 84K ND, OF TAPES=0DISKS 00~03 CMP CODE CC 0600 JOB TIME 0,29 ¢
& EXCP COUNT DISKs 3 TaPE= 0 ROR = 0 WIR = 128 PCH = 0 .

PORGBRRRNBRGNBLNBRIBRBONNNEVVONRNVRERGVIPRNRNNBREVRRBVERACRNEREBRABOORISIBRECARNBRBRVBUDBBBRONIOIEBNBRE
1EF3751 JOB /RSGZZ519/ START 78006,1350

1kF3761 JOB /RSGZ2Z519/ STOP 78006,1352 CPU  OMIN 17.44SEC

L XYY I YT YA YRR SR 2 22T 2L Py YRR Y Y 2 Y I I Y Y Y Y Yy Y Yy R Y Y Y I Y Y Y Y Y Y Y Y Y Y Y Y Y YT ST YT YR YY)
.l...0......Q..0....'.....Q.......Q.'................0..........Q.......,.0............Q..Il....'.l..l

. (RLSE 21.8)

¢ OPTIMUM SYSTEMS I NC, 2801 NORTHWESTERN PARKWAY.  SANTA CLARAs  CALIFORNIA, ¢
[} .
. .
* PROJECY MACHINE UNITS 2462 PRIOR 8 DATE 78006 01/06/78 ¢
L} ]
* ACCTeBIN 26490-0SS TIME EST,sMINUTES & CLASSsH INITIAL TIME 13,50,38 ¢
. .
¢ PROGRAM NO. RSGZ2 LINE ESTIMATE olo0 FINAL TIME 13.52,38 ¢
. ]
* LOG NO, 519 CARD ESTIMATE 0000 JOB TIMEMINUTES 0,29 ¢
. []
. COMPUTER Ar0165 3 »
. ' .

........Q......Q..l.OO.......0.0.0.Q..............0....0.0.“.OQIQQQQO...l....0000I...OQ.IO..Q.Q.....Q!
..............I......O.....'..........I......................6......'....“"..‘.........Q.O'.........C
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