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Preface

This research project Is intended to provide the members Of the 3246

Test Wing at Eglin AFB, Florida, with a computer simulation model which

will be helpful in estimating personnel requirements and work completion

dates for a joint test force.

Appreciation and grati tude are extended to Mr. Kenneth Nathlasmeier,

of the 3246 Test Wing , for his interest and cooperation in determining

• the model requirements. His knowledge of the organization of a test was

valuable in obtaining the necessary background to develop the generalized

event-oriented simulation model of work activities.

Appreciation is extended to Mr. Charles Etheridge and Ms. Pam Martin

of CAd , Inc., for their expertise and understanding while learning to use

SIMSCRIPT 11.5.

Thanks is also extended to Mr. William Drake of AFLC/XRS for his tech-

nical advice on programming a simulation model of this magnitude. His

• suggestions were followed without exception and proved invaluable in time

savings.

Special thanks are due to Major Charles McNlchols and Colonel Ronald

Luhks of the AFIT Department of Systems Management. As thesis advisor

and reader they provided guidance, objectivity, and expertise.
• 

Most sincere gratitude is extended to ~y wife, Martha, for her
encouragement throughout this endeavor and her patience during the numer-

ous long nights required to develop this model.

JAMES P. EGGERS

• 

—~~~~~ :~~~ —~~~ -



— ,. --
~‘——— —— - ,‘-—

~
— ... -

~~~~
.,-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

GOR/S14/ 7$I3-1

Contents

Page

Preface • 1 • • •  ii
List of Figures .... lv

Abstract 

I. Introduction . 1
Background   1

• Current Knowledge  4
Previous Work 5

— 
Statmnent of Problem 6

— Scope 6

II. Simulation Model 8

P General Concept 8
Capabilities and Limitatlons 10
Language Selection  12
Model Input  13
Model Description  17
Validation  36

III. Illustrative Example .... 38
Description of the Test 38
Data Input  38
Discussion of ~itput 47

IV. Conclusions and Extension of Research  49

Bibliography  51

Appendix A. Definition of Terms 53

Appendix B. ‘Fl ow Chart    60

i
~1 ¶~~~. Appendix C. Progreni Listing 66

Appendix D Data Input Instructions . 157

Appendix E Sample Data 163

Appendix F Sample Output . .. . 167

Vita. . . . . . . . . . . . . . . . . . . . . . . . . i 74

lii

H 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-.~~~~~ - -— —--~~
-

GOR/S$-76D-.7

List of Figures

Figure Page
1 Test Cycle . . . . . . . . . .  . . . . ..  . . . . . . 2
2 Simplified Flow— chart  .... 9

0 - -

2.~~~~~~~

.1
1.4. :

..I1 ~#

I 1I ,r

iv

‘
Er. 1’i

LÀ 
_ _ __ _  _ _



— “ -

(iC’/S.1/16D-7

Abstract

This study presents the background, development, and use of a gen-
eralized event-oriented simulation model of work activities . The partic-
ular question addressed in this research effort was: Can an event-oriented

simulation model be developed which will be useful in estimating work

completion dates and personnel requirements using the information presented
in a work directive? The program is written in SIMSCRIPT 11.5 and is

adaptable to a particular joint test force by using free-format data

inputs.

Any test force which is responsible for the performance of activities

may be studied using this model . Any number of activities , missions, test
phases, workers, and levels of workers may be defined through the input
data. Detailed input instructions are provided to tailor the model to

the analyst’s requirements. Numerous options are available to include:

worker skill factors, mission reduction or cancellation probabilities,
activity performance capability with reduced personnel, reports, paramet-
ric studies, and replications of the entire data package.

The function of each routine and event is discussed and a complete
program listing is appended. A sample study is provided to illustrate

many of the significant features.

I
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I. Introduction
Background

The 3246th Test Wing , Eglin AFB, Florida , is the primary
Armament Development and Test Center (ADTC) organization whi ch pro-
vides the overall management for developmental testing. It determines
ADTC test workload, identifies resources needed to accomplish testing,

- . conducts and reports those tests for which it has been designated the
responsible test organization, and supports those tests for which it

has been designated the participating organization. It receives test

requests f rom other AFSC organizations , USAF commands, DoD departments ,
U.S. government agencies, and allied government’s national defense

forces.

When a test request is received f rom one of these organizations,

the first phase of five phases in a test cycle (see Figure 1) is initiated.

Upon initial contact by a test requester, a programming engineer is desig-

nated to conduct the initial test planning. After informal contact between

the test requester and the programming engineer, the test requester sends
a formal request to the Test Wing ; and the progr~iining engineer prepares

an initial contact summary. The Engineering Test Directorate then assigns

a test analyst/test design engineer and a test engineer to design a pro—

posed test.

A test planning conference is scheduled as a first step in drafting
the work directive. The conferees determine the scope of the test,
review the test obj ectives , and may discuss the Statement of Capability
which must be prepared for accepted tests. The expected results of the

conference incl ude an outline of the test, an initial testing schedule,

1
( .
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PLANNING PNASE
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Fig. 1. Test Cycle
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required facilities, and a designation of key personnel.

The test design team prepares the method of test annex which

explains how the test is to be conducted and controlled, what data are

to be collected, and how the data will be analyzed. Specifically, they

must refine the test objectives, determine assessment criteria , identify
U

required resources, determine environmental consequences, describe test
control procedures, and estimate the data reduction and analysis effort.

After receiving the method of test, technical annexes, and support

annexes, the programing engineer completes the work directive. When

signed by the ADTC Comander, this directive orders the execution of a

test by ADTC assigned personnel . Included in the directive are the objec-

tives, schedule, initial priority, key personnel, and participating

agencies. At this time, the planning requirements have been completed.

After completion of the planning phase several activities must be

completed prior to the first mission. The test engineer must insure that

the test Items are available ; checklists have been approved ; working

space for the test Item contractor has been provided ; and that test-bed

aircraft, support aircraft, instrumentation, and radars are ava i labl e
for scheduling during the period of planned testing. He is then ready

to submit a mission request.

When a test enters the active phase, the test engineer must be pre-
pared to revise his testing schedule to ~ise alternate equipment, person-

— nel, or facilities rather than accept a delay. Delays can be expected

for failures of the test item or test resources, and for scheduling con-

flicts because of higher priority missions. Available alternatives to

scheduling delays include off-hour scheduling , accepting alternate

1) 3

~~~~ ~~~~~~~~~~~~~~~~~ - , -~~---
. - .--—---~-

.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
._

~~~



V — V .

GOR/SM/76D—7

missions, and attempting piggyback missions with tests of higher prior-

ity. If it is determined that delays will extend the completion date,

an amencknent to the work directive must be initiated and a revi sed sched—

ule for use of test support resources must be determined.

Tests may enter a suspense phase if a delay of at least 30 days is

anticipated. A valid reason for suspending active testing might be a

requirement for intermediate data reduction to help determine follow—on 
V

.

procedures. Secondly, the quantity of data collected may be so excessive

• f that it cannot be properly analyzed. It may be necessary to implement
improved data reduction techniques.

The reporting cycle begins on the day following the last mission , and

normally 60 days are allowed to complete this cycle. Since technical 
V

reports are the chief product of the Test Wing, guidelines to include a

schedule have been developed. Final data reduction and analysis is com-

pleted by the 14th day, and the draft must be completed by the 26th day.

Coordination, editing, and review are completed by the 55th day; and then
the Wing Commander has until the 60th day for rev iew, approval, and sig—

V nature.

The final phase of the test cycle is closeout and normally lasts from

45 to 60 days. During this period all cost accounting adjustments are

finalized and letters of termination or completion are sent to all test

support and other interested agencies. Thus, five phases of a test have

been highlighted (Ref 3:1-44).
Current Knowledg!

A recurring management problem is the allocation of scarce resources

among alternative ends (Ref 15:4). Test forces which study, test, and

4
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report the results of various Air Force projects are competing for the

scarce resources of men and equipment. Inflation and current budgetary

policies have effectively reduced the amount of resources available for

allocation within the Air Force. Therefore, more sophisticated manage-
I

ment tools are necessary to consider the range of available alternatives

and to determine which alternative most effectively produces the desired

- 
. results.

In the early 1960’s simulation models, which use digital computers

to provide insight into complex processes, were designed and developed.

The purpose of a computer simulation is to gather Information on the charac—

teristics of a system in order to provide a method of predicting the

dynamic characteristics of an organization and consequently to provide a

basis for making decisions. According to Mr. Richard 1. VanHorn,

“Simulation offers the most flexible and realistic representation for

complex problems of any quantitative technique” (Ref 18:256). Also ac-

cording to George S. Fishman and Phi-h ip J. Kiviat, “Simulation made it

possible to carry out fully integrated system analyses which were gener-

• ally far too complex to be carried out analytically ” (Ref 6:2).

Prev ious Work

A Defense Documentation Center search submitted for simulation test

facilities , simulation facilities , and shop scheduling systems produced

no indication that a study like this one has been accomplished. A study

for a similar organization, the 4950th Test Wing at WPAFB , Ohio , entitled

A Multi-Project Scheduling Program , was completed in February, 1974.

The problem which was modeled in the current study differs significantly

V 
• 

from the multi-project scheduling program. The current study considered

H 5 V
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the effects on completion dates of changing test force composit ion for

a single project. The previous study provided the expected schedule for

cycling numerous tests through an existing struct ‘e. Discussio,’; with

members of the 3246th Test Wing at Eglin AFB, Florida , also indicate

that no similar studies have been performed for their organization.

Statement of Problem

An increasing number of complex tests in the 3246th Test Wing, Eglin

AFB, Florida, are being performed by dedicating personnel to a joint test
force (JTF). The Test Wing requested the development of an event-oriented

simulation of work activities performed by the JTF and support personnel.

By adapting this simulation to a current JTF, the director can estimate

work completion dates, personnel requirements , and the relationship between

the number of assigned personnel and the work completion dates.

The particular question addressed in this research effort was : Can

an event-oriented simulation model be developed which will be useful in

estimating work completion dates and personnel requirements using the infor-

V mation presented in a work directive?

~2P~ 
—

The purpose of this research was to develop a generalized event-

oriented simulation model of work activities. This simulation is

adaptable to a particular joint test force. Using Information presented

In the work directive for a test, It provides insight in estimating per-

sonnel requirements and work completion dates . Since the inputs to the

simulation will be extracted from the work directive , the phases following

the planning phase c~n be simulated.

This simulation will enable joint test force directors to estimate

6 
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the overall personnel requirements of the test force relative to a

specified completion date. Secondly, they will be able to determine the V

relative effects of assigning various numbers and levels of workers to

a test. Through the use of simulation, they will be able to identify

potential problems, and experiment with various personnel configurations
- and work rules. Thus, by using the simulation model suitable alterna—

- 
. tives may be found which will avoid or alleviate an Indicated problem.

I Since modeling resou rces for the entire Eglin AFB complex is

beyond the scope of this study, probabilities to determine the avail—

• ability of resources and activities which are not under the control of

V 
the joint test force director were subjectively assessed by the point

- of contact within ADTC.

1.-

- - I  V
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II. Simulation Model

General Concept

To understand a simulation model one must note the relationship

between the concepts being simulated and the simulation model. In

order to determine the relationship between the number of workers

assigned to a JTF and the resulting completion date, the following

two items are of primary importance: What (activity) must be per-

formed? Who (worker) will perform the activity? A simplified f low-

chart showing an application of the basic concept of the simulation

model is diagr~nned in figure 2. A complete flow-chart for the simu-

lation model is listed in Appendix B. For illustrative purposes, the

active testing phase of a test cycle was simulated.

ActIvity/MissIon/Test Phase. In order to satisfy the require-

ments of the test objectives developed during the planning phase, cer—

tam actions (activities) must be accomplished. The work directive

specifies a sequence of actions which must be completed to satisfy each

objective. These sequences of actions are called missions. Frequently,

a mission must be completed several times or with slight variations in

order to satisfy the objectives. In the simulation model , this corn-

pletion of similar missions Is called a test phase. A test phase

specifies the number of similar missions which must be completed.

An activity is the basic building block in the actual test as

well as in the simulation model. A common characteristic of all activi-

ties is that a quantity of time must elapse prior to completion. An

analyst will define the activities to match the level of detailed desired

V 

8
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for modeling a test. In the illustrative exemple, 14 activitIes were

defined. At this selected level of detail , “conduct an air mission”

was designed as an activity. This portion of a mission could have

been modeled at a greater level of detail by defining activities such

as drive to the hangar, become airborne, fly to the range, make twelve

passes over a target , etc.

Using this simulation model , a test can be simulated at whatever

level of detail that the inputs can be accurately determined. The same

test can be simulated at different aggregate levels depending on the

desired accuracy of the output and the level of effort that one is V

V 
will ing to expend in developing a data package for the simulation model .

Worker. The second major modeling concept is: Who (worker) will
V perform the activity? Different levels of workers are defined to

accommodate the idea that certain activ ities are accomplished by only

a certain tYDe of person. In the simulation model workers may be

stereotyped into different levels of workers. The analyst may relate

these levels to such items as job titles, AFSC’s , etc . Each worker

may be assigned a skill factor for each activity. This factor adjusts
I.

the activity time to reflect the realization that all people do not

perform an activity in the same length of time. These two concepts V

form the bas is of the model. Definitions are provided in Appendix A

to c larify the meaning of the various simulation terms that are used

in discussing the model .
V 

~ Capabilities and Limitations

Capabi lities. Any test force which Is responsible for the perform-

10
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ance of activities may be studies using the model developed In this

research effort. Any number of activities , miss ions, test phases,
and workers may be defined through the input data. Activities may

be grouped in any order to represent a mission in a particular test

phase. Additional flexibility is provided by allowing worker require-

ments, activity sequencing, and mission priorities to be defined
through the input data. Situations in which there are no similarities

between missions can be represented at the expense of the additional

data Inputs to separately describe each mission.

Three worker level preferences may be specified for each activity. 
V

The selection of members from these levels affects the activity time,

by averaging the skill factors of the assigned workers. After team V

ass ignments have been made, the remaining qualified workers are
assigned to approved activities on a partial—team basis. The selected

activity time is increased in proportion to the number of workers

required. Activity times may be specified for each test phase and,

consequently, reduce the number of separately defined activities. Any

number of cancellation factors may be entered for each mission, and

each activity has the capability of reducing the mission effectiveness. V

Numerous options are listed under Options in the Model Input section.
r

Limitations. A simulation model is an effective method for

studying complex systems. ilowever, a model should not be used without 
V

V a thorough understanding of the meaning of each required input. The V

model does not refuse to give answers simply because the inputs are
inaccurate or unreasonable. Since there is a certain amount of

11
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abstraction in collecting or constructing any data package, there

exists a possibility of biasing the results. In a stochastic model , 
V

the sensitivity of these inputs should be tested to insure that the

estimates do not seriously bias the results.

Language Select ion

Selection of a simulation language Is determined primarily by
V. 1 

. the nature of the problem, and secondly by the accessibility of the

various languages . Different languages are designed to model systems

involving a flow of discrete items. The problem considered is one of

discrete items. Discrete-model languages perform the following

functions: advance the simulated time, search for the next scheduled

event, place a new event on the event file, and test for status matches
- 

V 
to trigger conditional events (Ref 5:142).

The two most widely used event—oriented simulation languages are

General Putpose Simulation System (GPSS) and SIMSCRIPT. GPSS auto-
.. 

- matically performs the following functions: collects data describing

a model ‘s simulated behavior, prints summaries of the data at the end

of the simulation , and provides the format statements indicating how

the data summaries are to be displ ayed. GPSS has incorporated much

of the underlying logic of discrete event simulation, and thereby per—

mits a model builder to use the language without understanding Its

internal logic. Use of a hi gh level language in this manner Invariably

results in model invalidities which are frequently subtle in nature,

and therefore are difficult to detect (Ref 16:vii).

SIMSCRIPT is a general language which can do everything that can

12 
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be done In FORTRAN. The model builder uses named entities to represent

objects In the system and has complete f reedom to define the properties

of these entities. SIMSCRIPT also has an extensive report-generating

feature which displays the selected output In a presCribed format.

Although SIPISCRIPT performs the basic functions of event-oriented

languages, it requires an analyst to translate the problem formulation 
V

into appropriate model representation and provide some of the pro-

grmnming details. (Ref 17:214)

SINSCRIPT 11.5 was selected for this study for several reasons. 
- .

According to George S. Fishman and Philhip J. Kiviat, “Very minor
V 

simplifying assumptions can generate output processes whose behavior

differs considerably from what is desired.” (Ref 6:14) Since

SZMSCRIPT 17.5 Is a full programming language, the number of assumptions

necessary In modeling the test force were minimal . Also since every

statement In every routine is written by the progrmnner, there is no
guesswork Involved as to the function of a particular se~nent of the

program. Finally, the extensive report generating feature of SIMSCRIPT

11.5 permItted formatted reports tailored to meet the requirements of

weekly, monthly, and final reports.
Model Input

V1 I 
Instructions. Detailed data input instructions are listed In

Appendix D. However, prior to answering these questions, the basic
structure of a test must be determined.

Activities. First the required activities must be identified V

from the required resources for each mission and the test objectives.

—VV.-~~—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - “—-U-—- i—U— ~~UV-U- ~~~~~ V V -V. — V V~ 
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Criteria used to determine the number of different kinds of activities

that need to be identified is generally based on the requ ired equip-

ment and the degree of difficulty. Specific questions that must be

considered include:

1. Will the activity be performed during normal duty hours?

2. What type of distribution will describe the time required

. . to perform the activity?

3. What levels of workers can perform this activity?

4. Can the activity be expected to reduce the mission

effect iveness?

5. By what percentage is the activity expected to reduce

the mission effectiveness?

After defining these basic characteristics of the activities, the

activities are further defined by entering the time function parameters

and the number of workers required in each test phase. Thus , the

data input requirements have been reduced since the basic activity

data are not repeated for each test phase.

Missions. Secondly, based on similarities in activity require—

V inents and timing requirements, missions must be constructed for each

test phase. Normally, missions in a test phase consist of a standard 
V

‘ 1 sequence of activities; however, minor differences can be accommodated

by using external event notices to create a mission. External mIs—
SI

sions select a subset of the standard activity sequence, and also

permit an activity to be added to the sequence by entering the required

information. By using this feature, the number of test phases required

14
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may be reduced.

Workers. Thirdly, the categories or level of workers must be

determined based on the requirements for each activity. The actual

number of workers in each level and their skill factors In perform—

log each activity can be varIed for each simulation run. The workers

are a primary variable in determining the completion date. To mini-

mize data input, the default of the same skill factor for all workers

is recommended for the initial runs.

Program Variables. After the basic structure Is determined,

entries regarding quantities, times, probabilit ies, priorities,
progrmm ing options, and progr~mning control variables are entered.

Names of workers and activities should be no more than six

characters.

Activity Test Phase Codes (ATPCJ. Activity test phase codes

determine the order in which activities will be performed. They are

composed of two segments and an optional prefix to provide priorities

between missions of different test phases. The first segnent corres-

ponds to the test phase numbers which are numbered chronologically

from 1 to the total number of test phases. The second se9nent m di—

cates the order In which activities will be performed within the V

test phase. All codes must have the same number of digits.

I 
-
~ Mission Priorities. Normally It Is anticipated that the

.
5 

priorities between missions of different test phases are implied

priorities correspondIng to the chronological order In which they are

scheduled. In this situation no prefix is added to the test phase

15
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number in the activity test phase code. To explicitly assign

priorities between missions In different test phases, all activity

test phase codes must be prefixed with a priority number. (Low

number Indicates the highest priority.)

For example, the first activity to be performed in each of the

first four test phases would be coded 11 , 21, 31 , and 41. To

assign a higher priority to test phase 3 mIssions, the ATPC’s would

be prefixed as follows: 211 221, 131, 241.

Empirical Distributions. Empirical distributions may be

entered for activity times which cannot be accurately described by

one of the ten provided distributions . It Is recommended that the

use of this feature be minimized. According to George S. Fislinan

and Philip J. Kiviat, “Sam~~ing from a theoretical rather than
empirical distribution is generally considered preferable, since it =
exposes a simulated system to the universe of possible stimuli rather

than merely to those that have occurred in the past” (Ref 6:20).
V 

Options. Numerous yes/no options are provided in the input

data to tailor the model to the analyst’s requirements. Depending
V on the total length of the test and the details required, -weekly and

monthly reports may be omitted. The features which reduce mission

effectiveness and provide mission cancellations may also be deleted.
V i  The user can specify the number of workdays per week, and also may

elect to work priority missions on non—duty days. On initial runs

the same—skill—factor option, which assigns a value of 1 to every

$ worker for each activity , may be used. External events may be used

16
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to schedule a specific mission on a certain day or to terminate the

V simulation on a specific date. Final ly, replications of the entire

data package may be run either without resetting the random number
- 

generators or by entering new seed values for the random number

-1 generators.

Model Description

This section describes the functIon of each routine and event

¶ in the simulation model. The descrIptions are presented in the same

order as they are listed in the program in Appendix C. This order

also corresponds to the general sequence in which the events and 
V

routines are used when conducting a mission. The reader should scan

this section during the first reading, and then refer to a particular

V routine or event description to better understand some of the ideas
V 

presented later. If more detail is required to clarify a point, V

- 

- 
the reader is directed to the program listing In Appendix C.

-~ PR~PMBLE. The PRENIBLE declares the static system structure
V of the model , using an entity—attribute-set framework (Ref 12:193—207);

declares the events that compose the dynamic structure; defines

special properties of the two structures, such as the mode of attri—

I butes, the ranking of sets, and priority order of events; and

specifies data-collection and analysis tasks. This set of global

declarations describes to the compiler the system being simulated and 
Vthe data-collection and analysis statements.

The static system structure includes the permanent entitles,

= empirical functions, temporary entities, and the system—owned sets.

17
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— The permanent entities are TEST.PHASE, KIND.OF.ACTIVITY, LEVEL.OF
WORKER, and WORKER. A TEST.PHASE represents a requirement that a

certain number of similar missions be completed. Its attributes

record information regarding numbers of missions. A KIND.OF.ACTIVITY

is created for every different type of activity, and has attributes

which identify the parameters of each activity. A LEVEL.OF.WORKER

V 
is created for each category of workers and is used to gather utiliza—

V 

tion statistics. A WORKER is created to represent each person on the

joint test force. Its attributes identify the person, his capabill-

ties, and his current status. Compound permanent entities are

TEST.PHASE/KIND.OF.ACTIVITY and WORKER/KIND.OF.ACTIVITY: activity

duration times in each phase, and the worker skill factors for each

activity are stoVed in the compound entities.

Three types of empirical functions can be entered for activity

V times which cannot be characterized by one of the ten provided

standard functions. When using an empirical function, a sample value
is selected by generating a random number, matching It against the

probability entries, and thus selecting the activity time. INTERGER.

STEP.FUNCTION and REEL.STEP.FUNCTION select in a step-like manner a
V 

real or integer value. CONTINUOUS.FUNCTION samples with linear

11 interpolation between real sample values. Sampling Is performed by

successively comparing a random probability value to the cumulative

- probability value until a value is found that h greater than or equal

to it. The associated value or the interpolated value between the
- 

I associated value and the value preceding it is returned as the sample V

18
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value for step and continuous functions respectively.

The temporary entities are MISSION, ACTIVITY . RID XFACTOR. When
a MISSION is created as a result of an internal event notice, the

sequence of activities is copies from the set called STI~JCTU RE of the
designated TEST.PHASE, STRUCTURE(TEST.PHASE), into the set called

ROUTING, which Is owned by the newly created MISSION, ROUTING(MISSION).
V
- I If the MISSION f~ created as a result of an external event notice, the

selected subset of activities is copies into ROUTING(MISSION).

Additionally, activity codes which are not a part of the standard

sequence may be entered with the requ i red attributes. When such an

entry is made, a warning, along with the necessary information to
verify the input, is printed.

• Each XFACTOR represents a reason for which a scheduled mission

could be cancelled. These factors are used to represent items which

could be expected to affect both standard and special missions.

: Examples are cancellation becaise of a higher priority mission and

unsuitable weather.

The system owns two sets In which missions are filed until V

certain conditions exist. The members of the set called QUEUE are all

the missions that are waiting for workers to perform the next activity.

Missions are filed in the QUEUE on a first in. first out basis

ordered by low priority code, then by low activity code, and then by

.~~ low notification time of the impending activity. The set cal led WAIT.

FOR.MISSION.TIME has as Its members all missions for which all pro—

mission activities have been completed prior to the scheduled active -:

mission time. Missions are filed in WAIT.FOR.

19
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MISSIOt4.TIME on a first In, first out basIs ordered by low notification

time.

The dynamic system structure describes the time-dependent behavior

of the system being simulated through the use of event notices. An

event is an instant In time at which an activity starts or stops; it is

executed in zero simulated time; and it changes the state of the system.

- 1 The event notices provide the proper sequencing of activities so
V that the order of performing activities In the model corresponds to the

system which is being modeled. The periodic events are discussed in the 
V

sections entitled MAIN and REPORTS. Other events are dependent on the

state of the simulation for scheduling and are discussed in the order

that they are listed in the program. The capability of scheduling a

special mission or of ending the simulation on a specific date from out-

side the simulation model is provided through the use of external event

notices.

The Data Collection and Analysis declarations specify which statis-

tics are to be gathered during the simulation. These statistical

measurements are the principal output of the simulation experiments.

Through the use of several ACCUMULATE and TALLY statements In the pro-
- amble, the operati ng program is free of data collection and data reduc-

tion statements. The ACCUMULATE statements gather time dependent

~~ I - 
statistics on mission waiting time and worker utilization . The TALLY

I statements compute various statistics associated with mission duration

times.
V 

The miscellaneous declarations define several abbreviations and
V 

global variables used in the program. Numerous functions are defined

20

____  
-

_ _ _  - — 
. -

- — — ~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~ — —-~~ - -—---. _~~~~~~~~ ~~~ V._V_ _~ -V-__~V~~
_ ~~~~~ _ ~~~- VUp V VUV~ — V~~ VVV.~V~-VV~V ~~~~~~~~~~~~~~~~~~~ _U~V.-VU ~~~~.V-. V._V.~V ~~ VV ~UUVV- VVV- -



V ~U~~~~V_ ~~~~~~~~~_

GOR/SM/ 76D-7

In this section which are used for simulation control .

MAIN. The MAIN routine provides overall simulation experiment

control . It calls two programmer-written routines to Initialize the
static system state, and it schedules events for the system-provided
timing routine. The START.SIMULATIOI4 statement removes the first

scheduled event from the system file of scheduled events and starts the
simulation by transferring control to it. Tracing of event notices is

provided during the tracing period by calling MYE.TRACE.

Eventually, either by running out of data or by programmer action,
control passes from the timing routine to the statement following the
START.SIMULATION statement. If there Is no more data, the simulation is

terminated. If there is more data, the system is initialized for

another run. If more than one run of the ent ire data package Is requested,

routine REPLICAT ION is called to reset the simulation model.
In MAIN several SCHEDULE statements specify those events which will

occur periodical ly throughout the simulation. When a SCHEDULE statement
is executed, an event notice of the specified type is put in a file 

V

ordered by scheduled time; when the simulation clock advanced to this
time, the event is executed. The events BEGIN.WORKING ,TAKE.BREAK, and
EO.DIJTY.HOURS call routines to assign or remove workers from the
activities of the current missions. Depending on the priority of the
mission and current simulation time, worker status Is changed to reflect

the current conditions. The first CONFIRMED.MISSION in test phase 1 ~
scheduled for 0800 on the first day of the simulation. The weekly

report and monthly reports are optional and will be discussed along with

the final report in the reports section. The routines INITIALIZE,

21
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REPLICATION, XWREPORT. and XMREPORT are released when the data Indicates
that they are not required, and thereby provide additional memory to run

the simulation.

INITIALIZE. The INITIALIZE routine, which Is called In MAIN , roads
all data that will remain constant for the duration of the simulation run.

These data include Information relevant to the different test phases,
V 

missions, activities, time functions, and simulation control variables.
The date reference is established by calling the system routine ORIGIN.R.

Storage is allocated for the entitles by using the CREATE statement, and
then the various attributes are read. A “master copy” of a mission in each

= test phase is created by sequentially filing activitIes in the set owned

by each test phase. The correct flow of Input data is checked at several

V 
points by Inserting the character string “OK”. If the data Input is in-

correct, the run terminates; and an error message Is printed which m di—
V cates where the error was detected. Data which are correctly entered is

then printed for verification and reference when analyzing the simulation

output. Upon return to MAIN for the final replication of the entire data
package, the space occupied by the routine Is released and may be used
for dynamic storage such as creating and scheduling temporary entities

and event notices.

RUN.INITIALIZATION. The IJN.TNITIALIZATION routIne is called In

MAIN for each run and facilitates parametric studies. Input data for each

current run are used with the background data read in INITIALIZE to pro—

vide the data package for the current simulation run. The data include

Information relevant to the workers, levels of workers, skill factors,

and the number of days required between missions. The correct flow In input

22
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data Is again checked and printed as in INITIALIZE. the space oecupied

by this routine is not released and is used for each run until the data

V - are exhausted.

i BEGIN WORKING. The event BEGIN.WORKING is scheduled at the begin-

ni ng of each workday and at the end of each break. It changes each

worker ’s status to Idle if he Is on break or off-duty, and too busy if he

Is working overtime. It then calls the routine CHECK.QUEUE to see if there - —

are any missions to be perfonned. 
V

CHECK.QUEUE. The routIne CHECK.QUEUE Is called from the BEGIN.WORK- 
-

V

- 
- ING, CONFI~4ED.MISSIOt4, EO.ACT IVITY, ACCOMPLISH.PR1.MISSION , EO.DUTYHOURS,

V 
and OVERTIME.ACTIVITIES.FOR.PRIORITY.MISSIONS. Every mission which has

completed its premisslon activities prior to mission time Is removed from

QUEUE and filed in WAIT.FOR.MISSION.TIME. If the current simulation time

Is during nonduty hours, either after duty hours or on the weekend, the
V routine OVERTIME.ACTIYITIES.FOR.PRZORZTY.MZSSZONS Is called. If the

check is made during duty hours, ATTEND.TO.MISSIOtI is called for each

mission for which there is a sufficient number of qualified workers.

I~iring normal duty hours, BUILD.PARTIAL.TEN’lS is then cal led to try to

assign the remaining workers.

CONFI~IED.MISSION. The event CONFIRMED.MISSION is notification of a 
V

scheduled mission. It Is Initial ly scheduled for 0800 of the first day

of the simulation and is subsequently scheduled as directed in the input

-J data. When notification Is received, DISBAND.PARTIAL.TEMS is called to

free team members for new assigiinents. Notification of an internally

scheduled mission is accepted during nonduty hours, but not on nonduty

days (the number of duty days Is a user Input). Rejected missions are

23
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rescheduled for the same time the following day. Externally scheduled

missions are accepted at any time.

If the event is scheduled Internally, a mission is created with

the standard activities, effectiveness reductions, and cancellation

factors for a mission in the indicated test phase. If the notification

was received through external event notice, the indicated subset of

activities and any additional activities are read as data input. A mis-

sion is then created with these required activities and the associated

effectiveness reduction and cancellation factors. For each new mission

VALIDATE.ThE.NUMBER.OF.WORKERS.REQIJIRED, DETE~UNE.PRENISSION.CAt4CELLA-

V 
lION, and CALCULATE .MISSION.EFFECTIVENESS are called. If the mission is

cancel led, BUILD.PARTIAL.TENIS is called. If the priority of the first

- - activity is 1, an ACCOMPLISH.PR1.MISSION Is scheduled. Otherwise, de— V

pending on the simulation time, ATTEND.TO.MISSION or OVERTIME.ACTIVITIES.

FOR.OVERTIME.MISSIONS is called. BUILD.PARTIAL.IENIS is called to try

to assign the remaining workers. LOOK.N’IEAD.COMPLETEJ~ISSIONS Is called

to determine the test phase of the next mission, followed by MISSION.

SCHEDULE.

MSN.SCHEDULE. The routine MSN.SCHEOIJLE is called by CONFI~4ED.
MISSION to schedule the arrival of the next mission. If the number of

days between missions Is less than 1 and the computed time is within
normal duty hours, the mission is scheduled for that time. If the corn-

puted time is after duty hours, the mission Is scheduled for the begin-

ning of duty hours on the next duty day. If the number of days between
-

V 
missions is I or more, the mission is scheduled in that number of days

at a time selected randomly f rom the user-provided function for the time

24
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of day.

VALIDATE.NWeER.OF.WORKERS.RE(PJESTED. The routine VALIDATE.
NUISER.OF.WORKERS.REQUESTED is called by CONFI~~ED.MISSION. It checks

each activity in a mission to insure that the number of workers request-

4 ed in each level have been provided In the simulation. If the request

is greater than the number of qualified workers in the simulation, an 
V

error message is printed with information describing the current state 
V

of the simulation. The simulation Is then tenninated. This check Is 
- . 

V

necessary to preclude generating a mission which could never be corn-
‘V pler.- ’ - - because Its requirements could never be met. This error In in-

put data is normally encountered when conducting parametric studies.
V 

V 
DETEmINE. PREIqISSION. CmCaLATION. DETE~4INE . PREMISSION . CANCELLA-

= - 11011 selects a random probability for each cancellation factor of a

mission. If the selected random probability is less than the correspond-

Ing factor, the mission cancellation code Indicator Is set equal to 1.
CALaSLATE.NISSION.EFFECTIVEIIESS. A similar function is performed

by the routine CALCULATE.NISSION. EFFECT! VENESS. For each activity of a

missi on , a random probability Is s lected and compared to the percent of
• missions affected. If the selected value Is less than this percentage,

current mission effectiveness is then reduced using a uniform distribu-

I 
tion between the upper and lomsr l imits indicated for each activity. If

the total reduction exceeds 100 percent, an informational mess age is
printed and the cancellation code indicator is sit .qual to 1. This
action was progr ad to prevent a possible situation In which the
workers weu ld always be busy but never complete a productive mission . L
It is assumed that, If this observation were made at an installation,

25
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corrective action would be taken. Upon return to CONFIRNED.MISSION,

missions with cancel code equal to 1 are cancelled and a new mission

Is scheduled .

ATTEND.TO.MISSION. The routine ATTEND.TO.MISSION is called only

during normal duty hours by the CONFIIIIED.MISSION, ACCOMPLISH.PR1.

MISSION, or CHECK.QUEUE. Every priority mission which has completed

Its prernission activities prior to mission time Is removed from the

V QUEUE and is filed in WAIT.FOR.MISSION.TIME until its mission time

V (time of notification plus a user provided mission preparation time) .

For all other missions in which the number of available workers qual i-

fied to perform its next activity exceeds the number of workers requir-

ed for that activity, the routine ALLOCATION is called.

SUM.WORKERS. In determining the number of workers currently avail-

able to perform an activity, the routine SUM.WORKERS considers all corn-

binations of worker level preferences . Depending on the input arguments,

= a combination of the four sections is used.

The first section determInes the number of idle workers. If the

activity has a priority 1 , the fourth section adds the additional number

of qualified workers who are not working on another priority 1 actIvity.

The second section determines the number of qualified workers who

are not working. This section is primarily used for priority 1 missions

which arrive during break times. Since workers who are busy during a

break are by definition working on a priority 1 mission , the qualifica-

tions of the remaining workers are tested.

The third section also determines the number of qualified workers

who are not working. This section is used for overtime missions which

26
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may be either priority 1 or priority 2 missions. By using the second

section and a local variable indicating overtime, the number of quali-

fied workers not working overtime is determined. If the activity has

a priority of 1, the fourth section adds the number of qualified workers

which are not working on another priority 1 actIvity. Additions made

in the fourth section will be made available as the priority 1 activity

preempts lower priority activities to meets its requirements.

In all cases, the routine returns the number of qualified workers 
V -

which is then compared to the number of workers required to perform an

activity. If the required number of workers is available , the routine

ALLOCATION is called.

ALLOCATION. The routine ALLOCATION is called by ATTEND.TO.MISSION

and assigns qualified workers to a team for activities which are per- 
V

formed during normal duty hours. If the number of required workers is

zero, Indicating that the manpower requirements are external to the test

force, an activity time is selected. Otherwise, team members are assign- V

ed In the order of the activity’s worker level preference. Selection

within a level is based on the least busy time for each worker. If the 
V

activity has a prIority 1 and there are not enough idle workers to fill

1.- the team, lower priority missions are preempted until the required
workers are found. After the team assIgnments are made, an activity

V time Is selected and an EO.ACTIVITY is scheduled. Upon return to the

original calling routine, CHECK.QUEUE is called to reassign workers who

may have been preempted.

ACCOMPLISH.PR1.MISSION. The event ACCOMPLISH.PR1.MISSION is sched—

uled for priority 1 activitIes at a user-supplied length of time after

H 27
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notification of a scheduled mission. This time represents the required

preparation time before conducting the first priority 1 activity in a
V 

mission. DISBAND.PARTIAL.TENIS is called to free team members for new

assignments. Dependent upon the current simulation time, ATTEND.TO.

MISSION or OVERTIME.ACTIVITIES.FOR.PRIORITY.MISSIONS is called. CHECK.

QUEUE is then called to reassign workers If a preempt occurred.

PREEMPT. The routine PREEMPT is called by ALLOCATION and OVERTIME.

ACTIVITIES.FOR.PRIORITY.MISSIONS. PREEMPT selects one non—priority 1

mission to preempt each time it is called and then calls INTERRUPT.NID.

FILE .

INTERRUPT.AND.FILE. The routine INTERRUPT.AND.FILE is called by

PREEMPT, TAKE.BREAK , and EO.DUTY.HOIJ RS. It removes the workers from the

team, calculates the remaining activity time and files the interrupted
mission in the QUEUE.

V VALUE. Routine VALUE is called by ALLOCATION and OVERTIME.ACTIVI-

V TIES.FOR.PRIORITY.MISSIONS. If the activity has previously been inter-

- V 

rupted, it multipl ies the continuation time by the average skill factor

of the new team members and the partial team factor. It then returns to
the call ing routine. Otherwise, it selects an activity time using one

of the ten provided distributions or a user provided empirical distribu—

• tion. The arguments for the function are indicated for the activity and

test phase. A sample value is selected from the function and this value 
V

is multiplied by the average skill factor of the workers assigned to per—

form the activity and the partial team factor. The weighted time value

is returned as the activity time.

LOOK.MEAD.CONPLETE.MISSIOI4S. The routine LOOK.AHEAD.COMPLETE.MIS-

28
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SIONS is called by COt1FI~IED.MISSION. It sums the final mission

effectiveness for all test phase missions which are currently in the

simulation. This value is added to the number of completed missions

In a test phase and the total is compared to the number of required

missions. If the total exceeds the number of required missions, a mis—

sion in the next test phase will be scheduled. This routine was de-

veloped on the assumption that prior to completing the final activity

in a mission , an approximate mission effectiveness can be determined.
In a simulation run in which the number of missions in the QUEUE builds

or the mission duration is lengthy, an unrealistically excessive number

of missions would be scheduled in a test phase. The look ahead routine

is provided to allow the simulation model to perfonn like the observed

system.

TAKE.BREAK. The event TAKE.BREAK is scheduled periodically at the

V 

user-provided times for cof fee and lunch breaks. It puts all idle

workers on break status, identifies every non-priority 1 mission in prog-

ress , and calls INTERRUPT.AND.FILE for each of these missions.

4 EO.ACTIYITY. The event EO.ACTIVITY is scheduled by ALLOCATION and V

OVERTIME.ACTIVITIES.FOR.PRIORITY.MISSIONS for each activity at the simu-

lation time determined in routine VALUE. It calls DISBAND.PARTIAL.TEAMS

I 

to free team members for new ass ignments. It then removes the completed

activity from the set of activities required for the mission, ~)UTING

(MISSION); changes the mission priority and mission code to correspond

to the next activity (determines ranking order in QUEUE); and removes

the workers from the team (activity). Worker status is then determined

based on current simulation time. The mission is then filed In the

29
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QUEUE insuring that low coded activities of all missions are performed

first. If this event is called during a weekday or if the user has

allowed priority missions to be worked on the weekends, CHECK.QUEUE is
- called.

V EO.DUTY.HOURS. The event LX).DUTY.HOURS is scheduled daIly at the
V 

user-provided time of day. It calls DISBAND.PARTIAL.TEN4S to stop the

associated activities. The status of every idle worker Is changed to

I off-duty, and the status of team members of priority 1 or priority 2
missions is changed to overtime. Regardless of priority, missions with

less than 30 minutes remaining on the current activity will be completed 
V

on overtime. This action Is based on the assumption that a worker will

elect to complete a task that is nearly finished so that the following

day ’s efforts can be devoted to new activities. OVERTIME.ACTIVITIES.FOR. 
V

PRIORITY.MISSIONS is then called to work any priority missions which are

waiting in the QUEUE.

OVERTIME.ACTIVITIES. FOR.PRIORITY.MISSIONS. The routine OVERTIME.

ACTIVITIES.FOR.PRIt3RITY.MISSIONS is called by CONFI~4ED.MISSION, CHECK.
QUEUE, ACCOMPLISH.PR1 .MISSION, and EO.DIJTY.HOURS. It Is used for missions

performed during non-duty hours throughout the work week, and on weekends

if the user has allowed priority missions to be worked on the weekends.

Every mission which has completed its prenission activities prior to
r 4 mission time is removed from the QUEUE and filed in WAIT.FOR.MISSIOfI.

- ‘l
TIME. If the number of required workers is zero, indicating that the

-V manpower requirements are external to the test force, an activity time 
V

is selected. Otherwise, team members are assigned in the order of the

V activity’s worker level preference. Selection within a level is based
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on the least overt ime for each worker. If the activity has a priori ty 1
and there are not enough off duty workers to fill the team, lower
priori ty mi ssions are pre pted until the required workers are found. =

After the team assignments are made , an activity t ime is selecte d and
an EO.ACTIVITY is scheduled. If the activity is initiated on a weekend,

an informational message is printed regarding that activity. Upon re-

turn to the calling routine, CHECK.QUEUE is called to reassign the work-

ers if a preempt occurred.

BUILD.PARTIAL.TEMIS. The routine BUILD.PARTIAL.TEPMS is called by

CHECK.QUEUE and CONFIRMED.MISSION after workers have been allocated to

the activities. This routine selects those missions whose impending

activity can be started with a partial-team selected from the remaining

workers. ALLOCATION is called for each of these missions.

DISBAND.PARTIAI.TENIS. The routine DISBPJ40.PARTIAI.TEAMS Is called

by CONFI J~’lED.MISSION, ACCOMPLISH PR1 MISSION, TAK E.BREAK , EO.ACTIVITY,
AND EO.DUTY.HOURS. These teams are disbanded during breaks and any time V

a new activity comes available for worker allocation. Thus, activities
for which the required number of workers are available will receive

worker assignments prior to making any partial allocations. Partial-

teams are not permitted to work on activities during breaks or nonduty
T hours.

r 1 COMPUTE.STAY.TIME.NID. RECORD. CANCELLATION. The routine COMPUTE.

STAY.TIME.AND.RECORD.CMCELLA1ION Is called by the PRENIBLE prior to

destroying the record of a mission. If the cancel code indicator Is

equal to 1, that value is added to the number of cancelled missions in

the test phase. Otherwise the mission duration Is computed and the cur-
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rent effectiveness level is added to the number of completed missions

in the test phase. If the number of completed missions in each test

phase is greater than or equal to the number required, an EO.SIMULATION

Is scheduled.

REPORTS. The events WREPORT and MREPORT are scheduled weekly and

monthly, respectively, if requested by the user. Otherwise, these

* 
events are not called and the releasable routines XWREPORT and XMREPORT

which contain the actual reporting program, are released (events are not

releasable). The FINAL.REPORT is always printed at the end of each

simulation run.

The same format Is followed in all three reports with only minor

variations in the information presented. Since there is a variable

number of days in a month, certain values are presented only in time

units in the monthly report rather than as percentages. The weekly and

monthly reports print the cumu l ative number of completed missions in

each test phase. The final report prints the date that each test phase

V was completed and the ending date of the simulation . 
V

V 

V There are three major sections in each report: mission statistics

for each test phase, waiting time information for all missions , and

worker utilization information. The mission statistics presented for

each test phase include the number scheduled, number cancelled , number

requ i red, effective productivity, cumulative number completed, average
4 

mission duration, standard deviation of duration times, total of dura-

tion times, sum of the squares of duration times, and the date the
test phase was completed.

Waiting time information for all missions is presented in the queue 
V
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report. The information presented includes the max imum, minimum,
V average, standard dev iat ion, and histogram of the number of missions

waiting for workers. Al so, the total waiting time for all missions is

reported. This information Is not printed by test phase because there

is not necessarily a correlation between the waiting time for missions

in a test phase and the requirements of that test phase. Since all

missions fill worker requirements from the same groups of workers, over-

lapping of test phases, differing priorities and numerous other factors - .

- j may cause missions in a test phase to wait for an untractable variety

of reasons. The significant information to be derived from this section

is the time frame in which large backlogs of work can be expected and

the relative size of the backl og. The cure for these anticipated problem

areas is indicated in the final section of the report.

Worker utilization information is presented in the third section of

the report. Information includes a histogram of worker’s idle time by

worker level and the report of each worker’s status divided into the

- , categories of idl e, busy, break, off duty and overtime. Types of infor-

= mation which can be extracted from this data might include : which

worker levels can tolerate or require personnel changes, base f igures
- for estimating the value or cost of these changes, and an indication of

T i the amount of overtime that can be expected with various configurations

of the simulation. Thus, this section indicates areas in which changes

could be made to alleviate those problem areas highl ighted in the first

two sec tions.

V LARGEST. The routine LARGEST is cal led by each of the reports to

V 
determine the length of the worker idle time section. It checks all

I I  33
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- levels of workers for the maximum number of idle workers in the reporting
period and returns the largest value to the calling routine.

MY.TRAC E. The routine MY.TRACE is called by every routine and

prints information only during the tracing period designated in the data
-
~~~ input. It prints the name of the called routine, curren t s imulat ion

time, and the associated mission number.
- 

MYE.TRACE. The routine MYE.TRACE is called by every event and

- prints information only during the tracing period designated in the 
V

data input. It prints the name of the called event, curren t s imula tion
time, and selected information.

V 
MY.LIST. The routine MY.LIST is called as required throughout the

simulation to print the members of sets and the attributes of permanent

or temporary entities.

QENTER. INFO, QEXIT.INFO. Each time a mission enters or exits the

V QUEUE, the routine QENTER. INFO or QEXIT. INFO is called by the PRENIBLE.
During the tracing period , these routines then call INFO.PACKAGE to

print relevant information.

WENTER.INFO, WEXIT.INFO. Each time a mission enters or exits

WAIT.FOR.MISSION.TIME , the routine WENTER.INFO or WEXIT.INFO is called

by the PRENIBLE. During the tracing period, these routines then call

INFO.PACKAGE to print relevant information.
V ERROR.PACKAGE. The routine ERROR.PACKAGE is called whenever a pro—

gramer detected error in the simulation is found. These messages are
V 

generated independently of the SIMSCRIPT error messages and indicate

conditions which may not be detected as errors by the compiler. Four

available error messages are printed as required with the appropriate

V V
~
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information to analyze the detected error.

INFO.PACKAGE. The routine INFO.PACKAGE Is a collection of state-

ments to list information describing the current state of the simula-

tion. It is called from numerous locations throughout the program.

EO.SDIJLATION. The event EO.SIMULATION may be scheduled internally

or externally; and subsequently, it schedules the FINAL.REPORT. Inter-

nally, it is scheduled by COMPUTE.STAY.TIME.AND.RECORD.CNICELLATION

whenever the required number of missions in each test phase has been

completed. If the event is scheduled externally, information describing

the current state of the simulation is printed prior to scheduling the
FINAL. REPORT.

CLEAR. The routine to CLEAR is called by the FINAL.REPORT to

reset the state of the sim ulation for successive experiments. The start-
ing conditions of the model are identIcal to the previous run to include

restoring the seed values of the random number generators. Using this

routine, a seri es of sequent~ial runs wi th slightly modified versions of
selected inpu t can be exami ned. The princip al use is to measure the
behavior of alternative inputs in the form of number of workers, sk ill V

factors m d  days between missions . By using thi s routine, parametric
studies can be conducted without repeating an entire data package.

REPLICATION. The routine REPLICATION is cal led if the user :
requests more than one run of the entire data package. This routine

j clears the model structure wh ich was crea ted by the prev ious set of 
V

data. However , seed values of the random number generators are not V

reset to the starting conditions. Optionally, the user may enter new

seed values. This simulation model is designed to study the transient 
V

~~~~~~~~~~~~~ _______________
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condition, represented by starting the simulation with no missions

in the system and continuing until the required number of missions
V have been compl eted . In order to determine a confidence interval , the

run must be replicated to obtain a distribution of results. This

V routine allows multiple replications with different seed values for
V the random number generators.

Val idation
V The problem of verifying computer models remains the most

elusive methodological problem associated with computer simulations

(Ref 13:892). A simulation is only an abstraction of the process under

V study and because simulations tend to become so complex that they con— V

ceal their assumptions and processes (Ref 18:247). Thus, val idation

is necessary to Increase to an acceptable level the confidence that

an inference about a simulation process is correct for the actual

process. The following steps are necessary in attempting to validate

a simulation model (Ref 7:1004):

1. Individually test the subroutines.

2. Review in detail the program logic~
3. Review all system state changes during the test runs under

V 

various operating policies,

4. Compare the results of the model to historical data.

Initial checkout runs started with very simple data in the form

of 2 activities , 1 mission required, 1 test phase, 1 worker, and con—

stant activity times. The complexity of the data was then increased

to verify the different features provided In the program. After val—

idating the model in a strictly deterministic mode, uniform distri—

V 

V 
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butlons with very small ranges for activity times were added. The

results were nearly the same as for the deterministic runs.

The prograniner written trace routines were designed specifically

to present the information necessary to test the routines and to

observe system state- changes. Each time an event or routine Is

called during the tracing period, the appropriate Information is V

printed to show changes in worker status, mission status , or system
statistics. If necessary, every mission can be traced through the

entire simulation to verify that every routine operates properly

= under all operating conditions.

After numerous runs with test data constructed to detect any

possible errors in logic, a set of data was developed for the Test

whIch was studied to provide guidance in developing the simulation

model. Although all phases of the Test have yet to be completed,

computer results compare favorably with test phase completion dates,

worker utilization , and the time frame of backlog buildups. Thus

the model structure was further verified by introducing complex data

of an actual Test and by comparison with current historical data ,

37 V 
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III. Illustrative Example

Description of Test
V 

A curren t test , Pave Tack Night Attack Systems/F-4E, is used to
illustrate some of the signifi cant features of the simulation model and

to show how a joint test force director can adapt this model to a parti-

cular test. This test is an integrated Developmental Test and Evalua-
V tion/Initial Operational Test and Evaluation (DT&E/IOT&E) effort under

the direction of a Joint Test Force (JTF). The major objective of this
- 

- 
test is to provide higher headquarters with sufficient information to

support a production decision on the Pave Tack Class V Modification to

the F-4E aircraft. Sufficient data are requi red on competing systems to

• support a source selection decision. (Ref 2:4)

For this example, the DT&E portion was simulated since a signi ficant

V 
portion of that test has been completed and was referenced for validation V

of the simulation results. The estimated active phase of the test is
V 

between 25 May 1976 and 28 February 1977. The objectives and required

resources were extracted from the work directive with the help Of the

ADTC point of contact. Pave Tack personnel were consulted to veri fy and

refine the time estimates. A total of 66 missions were simulated.

Data Input

Activi ties. Fourteen acti vities that were based on the required

resources and the test objecti ves were identified after analyzing the
- V 

work directive. These activities are as follows:

V 1. PMSNPG - Premission preparation and briefings for a ground
miss ion

38
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2. PMSWA - Prentiss ion preparation and briefing for an air mission
3. CGCPISII - Conduct a ground mission - V

V 
4. C~ 5~ - Conduct an alr .isslon
5. PSTMNG - Post-mission evaluation for a groimd mission

-~~ 6.. PSTMNA - Post-missIon debriefing for an air mission
7. MTARD - Data reduction associated with an air mission (No JTF

personnei required)

• 8. DATAAN - Data analysis for an aIr mission -

9. PMSNI - Premission preparation and briefing for an integration
test

I 
10. CMSNI - Conduct an air mission for an integration test

V 

11. PSTMNI - Post-mission eva luation for an integration test
12. MSNNEL - Mission performed at Nellis (TDY for JTF personnel)
13. ANTAPE - Analyze tapes V

V 14. ANLOGS - Analyze logs

The definition of these activities can be kept general since activ- )
ity times and nunter-of required workers are entered for each test phase 

V

in which the activity is needed. A defined activity may be used more V

V 
than once In a single mission if the activity time and required workers

remain the same. VEffectiveness reduction probabilities and percentages
p were provided for each activi ty as subjective inputs by the ADTC point of

contact. (See Appendix F Section 1) :
Missions/Test Phase. Based on similarities in activity requirements

and timing requirements, similar missions were then constructed and

grouped into simulation test phases. Test phases are generally based on

resource requirements and scheduling difficulties In order to collect 
V

V • statistics on these different areas of interest. Other criteria fOr

39 
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3identifyIng test phases might include suspense dates for a particular
group of missions, off-base testing, or different funding sources. (See
Appendix F Section 2)

Speci fically, the Pave Tack Night Attack Systeam/F-4E test was di-
vided into eight phases. The first two phases represent the integration
tests which precede the DT&E testing. The last six phases represent the
DT&E testing.

Phase 1 -- Integration Ground Missions. The first integration test
phase represents the six ground missions. Two activities were used for
each of these missions . The first activity (PMSNPG) included work asso-

ciated with mission preparation. This activity is expected to require a
V 

- substantial amount of preparation since the test engineers (TE) are just
becoming familiar with the system. From 360 to 480 minutes were allowed
for mission preparation. Three TE’ s are requested; however, test tech-

nicians (IT) or test analysts (TA) may be substi tuted if the TE’ s are not
available. Also, the activity nay be conducted with a partial team if

three workers are not available. This activi ty was assigned a priority 2
since it must be completed the same day it is scheduled. The ground mis-
sion can then be conducted as scheduled on the following day.

The second activity (CGOMSN) represents the ground checkout proce-
dures such as sensor alignment and power-on checks of all other equipment.

• 
V 

V~~ The same number and order of personnel preference is required for both

V 

: activities of a mission in this phase. An activi ty time between 120 and
180 minutes was selected for these checkout procedures.

Phase 2 -- Integration Air Missions. The second integration test

phase represents the 12 flight test mission s . Three activi ties were used

40
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for each of these missions. The first activity (PMSNI) included the work

associated with mission preparation. Since the crews are still in the )
learning process, an activity time between 480 and 600 mi nutes is re- 

V

quired. Two TE’ s are involved in this familiarization process, but the

activity may be conducted by oflly one worker.
The second activity (CMSNI) represents flight maneuvers and actions

to be performed in checking out the system. An activity time between 120 
V

and 180 mInutes is requi red for two it’s. This activity has the poten-
tial of reducing the mission effecti veness; therefore, mission reduction
probabilities and factors were entered.

The third acti vity (PSTNNI) represents a debriefing which follows
V each flight. A TI joins the two TE’ s to increase his knowledge about the

system. A moderate enourft~ of time was allowed (120 to 180 minutes) be-
cause of the lengthy discussions required during this learning period.
The three cancellation probabilities entered for this test phase repre-

V sent aircraft maintenance, test item maintenance, and weather.
Phase 3 -- DT&E Task A Missions. Following the integration phases

and prior -to the formal start of DT&E, test phase 3 represents the mis-
• 

* slons requi red for alrcrew checkout and system optimization. The acti-
vities required for a mission in this test phase are similar to test
phase 2 since there is no data reduction or analysis involved. The first
actIvity (PMSNPA) represents mission preparation. The required activity
time (90 to 120 minutes) is less than the previous test phases because V

crews are gaining proficiency wi th the equipment. This activity is pri-
man ly performed by TE’ s; however, It may also be performed by either
TI’s or TA’ s and with partial teams.

41 
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The second activi ty , conducting an air mission (CAMSN), also re-
quires less time (105 to 135 minutes) than in previous phases because of
the learning curve. This activity may only be accompl ished by TE’s be-
cause of the flying requirement. Mission effecti veness reduction proba-
bilities and factors are high because of the Increased emphasis on the
system and the time frame of the test phase.

The third activity (PSTNNA) requires the same amount of time for de-
. briefing (120 - 180 minutes); however, a TI or a TA is required, in 

V

— addition to the TE’ s to assist in taking notes and viewing parts of the
video tapes . An analysis activity is not required since the spot checks

are only used to veri fy that the systems are functioning properly. The
same mission cancellation factors as were used in test phase 2 are appro-

priate for missions in this test phase.

Phase 4 -- DT&E Objectives Al through 82. Test phase 4 represents

• the missions requi red to determine system performance and operator capa-
bility with vairous target temperature differentials, weather, illumina-
tion, and background conditions. This phase is the largest and most time

V consuming phase of the test. It requi res 22 missions consisting of
seven activities each . The first three activities ( PMSNPA , CAMSN,

PSTMNA) are similar to the activities in test phase 3 except that the

time and personnel requirements are increased because all missions con-
sist of two aircraft sorties. The two sorties in each mission are flown

during the same day.
I The next two activities (ANTAPE, ANLOGS) represent the work neces-
I 

sary to analyze the video tapes from the aircraft and to review the mis-
V sian logs. This analysis Is normally performed by TA’ s after sortie

-H
I ‘
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completion, but overtime is not required. The analysis may also be per-
formed by TE’ s, Ti’s, and partial teams . A small reduction of mission
effecti veness probability and factors was entered to represent problems

discovered on the tapes.
The sixth acti vity (DATARD) represents the data reduction performed

for each mission by the Computer Sciences Laboratory. The manpower re-
quirements are external to the test force and thus zero was entered for

V 
the number of requi red workers . The activi ty priori ty is 1; and the ac-
tivity time, consequently, represents the length of time before the data
will be returned to the JTF. A small reduction of mission effecti veness
probability and factors was entered to represent problems discovered dur-
ing data reduction.

The last activity (DATAAN) can be accomplished after the reduced
data is recei ved from the Computer Sciences Laboratory. The activity time

is extensive (1440-2160 minutes) since the work involves many hand cal-
culations and graph plottings. The activity is normally performed by TA’s

but may be performed by Ti’s, TE’ s and partial teams. Mission cancella-
tion probabilities were doubled based on the number of sorties.

An external mission was used in this test phase to represent a mis-
sion which had slightly different requirements. An additional analysis

of tape acti vi ty (ANTAPE) was added which required more personnel than the

V initial tape analysis for the mission. All other activities in the mis-
V 1 ~~ sian remained the same.

Phase 5 -- DT&E Objective 83 through 87. The missions in test phase

5 are similar to test phase 4 missions except fewer test resources are V

required. Seven missions, each cons isting of seven activities, are

43
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required. The first five activities (PMSNPA, CAMSN, PSTMNA, ANTAPE,
ANLOGS) are the same as the first five activi ties of test phase 4 mis-
sions except fewer workers are requi red. This requirement is a resul t of
a reduction in the number of data collection sightS.

The last two activities (DATARD, DATMN) have a lower activity time
because there is less data to reduce and analyze. The cancellation prob-

ability due to test item malfunction was reduced In this test phase to
reflect a stabilizing trend in equipment performance.

Phase 6 -- DT&E Objective B8. Test phase 6 represents the missions
conducted by JTF personnel while TDY to Nellis AFB. Two TE’s were TDY

for a period of 6 days. A priority 1 activity (MSNNEL) is used to re-

present these missions so that these two workers will not be released

until the mission has been completed. This action insures that the simu-

lation model does not permit these workers to be assigned to teams at

Eglin AFB. The overtime statistic for these workers must be mentally ad-

justed to compensate for their off-duty hours.

An external event was used in this test phase to represent data ana-
V lysis at Eglin AFB on the missions conducted at Nellis AFB. The Nellis

V AFB activi ty (MSNNEL ) was deleted and an analysis acti vi ty (DATAAN) was
added with its required entries. Any defined activity may be added to or

deleted from a mission in a test phase. It is illustrative to note that

this activity was performed in zero time because the arguments for the

activity in the data input were not updated after adding the external
event.

Phase 7 -- DT&E Objectives G through I and X and AA. The missions
in this test phase represent severa l individual test objectives which have

- 

•

V 
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comeon resource requirements. This subjective grouping was based on

information presented in the required resource table and the accompanying

text. Four missions were required consisting of 5 acti vi ties each. The
first three activi ties (PMSNPA CAMSNI PSTMNA ) are similar to the first

three activities in test phases 4 and 5, except only one aircraft sortie

is required for each mission. The activi ty times and personnel require-
merits were reduced accordingly. V

V 
The last two activities (DATARD, DATMN) were judged more compli- V

cated than the corresponding acti vity in test phase 5 because the data
had to be cross-correlated between several sources . The number of re-

— quired workers and the acti vity times were increased to acconmiodate this
additional workload.

Phase 8 -- DT&E Objective W. Test phase 8 represents the missions
required to demonstrate the - weapon delivery accuracy of the Pave Tack
weapon system. Ten missions , consisting of five acti vities each, were

required. The same basic activities (PMSNPA , CNISN, PSTMNA, DATARD,

DATAAN) are required for a mission in test phase 8 as were used In test
phase 7. The required work for four of these activities was judged to be

V less complicated than the corresponding activities in the test phase 7
missions; so the worker requirements and activity times were reduced

accordingly. The data reduction activi ty (DATARD) required a longer

V activity time because the Computer Sciences Laboratory must hand process
the aircraft position information.

V
V 

(Ref 2)

Workers . After the activities are grouped into missions , the worker I
V VV

information must be determined. Nine workers were divided into three

45
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level s for this sample run. Different skill factors were entere d for the

workers . This action reflects that workers were more proficient in per-

forming activities which they normal ly performed by that worker level

than for those activities which they only occasionally perform. For

example, it would take a TI twice as long to perform a data analysis

acti vi ty (ANLOGS) as it would take a TA to perform that same activi ty.

(See Appendi x F Section 3)

Program Variables. The program variables were entered as directed 
V

in the Data Input Instructions listed in Appendix D.

Activity Test Phase Codes. The two segments of the activity test

V 

- phase codes were entered to correspond to the missions in each test

phase. The first segment corresponds to the test phase number (1 through V

8) based on the chronological order in which the missions were scheduled.

The second segment corresponds to the order in which activities are to be
V 

performed and is the same order in which they were discussed in the re-

spective test phase. All acti vity codes meet the requirement of having

the same number of digits.

Mission Priorities. Priori ties between missions of different test

phases were explicitly assigned by prefi xing the activity test phase

codes . In the Pave Tack simulati on test phase 5, missions were given a

priority over all other missions by prefixing test phase 5 activity codes

with a 1 and all other activi ty codes wi th a 2.

Opti ons. Most of the options were illustrated in this example. V

Since only selected output from the final report could be reasonably

presented in this thesis , weekly and monthly reports were not requested.

Both reduction of mission effectiveness and mission cancellation were

46
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V

entered. A workweek of 5 days was entered, and priority activities were
not permitted to be worked on the weekends. Individual skill factors , as

discussed in Workers, were entered for each worker. Special missions
V were scheduled using external event notices , and one run of the data

package was requested .

Discuss ion of Output

Section 4. Selected outputs are presented in Appendix F Sections

4, 5, and 6 to show some of the results obtained by entering the sample 
- -

data. The source of this data was discussed in the previous section.

Section 4 shows the first and last test phase mission statistics. Since

no cancellation factors were entered and no missions were less than 100%

effective in test phase 1, 6 missions were scheduled and the effecti ve

productivity was also 6. CancellatIon factors for test phase 8 were
V entered as reflected by the cancellation of 2 missions. Of the remaining

11 mIssions, the effective productivity was slightly more than 10 mis-
sions. Similar results were observed in the other test phases .

Section 5. Section 5 presents the statistics collected on the

missions which were waiting for worker assignments. The state percen-

V 
tages show that most of the time the missions were being worked as quick-

ly as they arrived. (Almost 60% of the time 2 or less missions were in

the queue.) The percentages then peek at 7 - 8 missions indicating a

V 
backlog for a substantial period of time. Monthly reports could be con-

suited to show the phase and time frame of the backlog. 
V

Section 6. Section 6 shows the information collected on the workers

by level s and as individuals. The maximum number of idle workers in each

level is 3, which corresponds to the total number of workers in the input

47 V •
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data. The total idle time is lengthy for all levels, and level 2 workers

were used the least. The individual worker statistics indicate that TE2

and P0 were sent TDY to Nellis AFB since their overtime hours are con-

siderably larger than the other level 1 worker statistics . If cost data

on overtime hours were to be determined, these figures would be adjusted

to reflect the actual number of work hours per day.

V 

- Parametric Studies. Multiple runs were made with reduced personnel.

Based on the results shown in the tables, the number of workers in

levels 2 and 3 were reduced until a total of six workers were in the

simulation. Fewer than six workers would have resulted in a prograamiing

fatal error since an activi ty in test phase 4 requires six workers. The

completion date remained the same for all runs; and, as expected, the
idle time in all worker levels progressively decreased as the number of 

V

workers decreased. For this model configuration a substantial savings

can be realized without a change in completion date by reducing the per-
V 

sonnel requirement by one-third.
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IV. Conclusions and Extension of Research

The main thrust of this research project was the development of the

event-oriented simulation model which is useful in estimating work coin-

pletion dates and personnel requirements. The resul ts obtained by en-

tering the data for Pave Tack compared favorably with the ongoing test;

however, as wi th all stochastic- simulations, the results produced from a

single run .ire of littl e signifi cance . The illustrative example merely

shows how to apply the simulation to a JTF and exercises many of the

model ’s signi ficant features. The real value of the simulation model

will be realized through extensive parametric studies with replications

in order to develop confidence intervals for the results.

The statistics accumulated in the simulation model readily lend

themselves to cost-benefit analysis for various work rules versus com-

pletion dates. The flexibility of data input allows the model to accu-

rately simulate situations which have yet to be considered. A continua-

tion of this study sho’il d concentrate on the application of the simula-

tion model to extensively test its intended flexibility . Techniques

V for establishing confidence intervals for the output data should be dev-

eloped. In conjunction with the confidence intervals, different seed
val ues for the random number generators should be tested for significance.

V Further research should determine which distributions can be used

to better describe the activity times. Uniform distributions were used

with parameter estimates verified~by JTF members in order to insure
V 

- structural validi ty of the simulation model . Since the simulation re-

sults compare favorably with the actual test , more descriptive distribu- V
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tions can now be selected to refine the estimates. Guidance on which

distributions should be used with various classes of activities would be

V 
of value to the Test Wing.

Additional research could be conducted in the areas of mission can-

V cellations and reductions in mission effectiveness. Extensive data is

available in this area, but time permitted only a superficial analysis of

V this data to provide inputs for the sample run. This information, which

is accumulated by the Test Wing, should be further studied to provide

better estimates under a variety of conditions. Addi tional analysis

should compare this past data with the final statistics of Pave Tack .

some differences can be expected; because, under the JTF concept, some
resources are dedicated to the test force. If there is an appreciable

V 
difference, future data inputs should favor the results obtained under

the JTF concept.

V 

V 
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ATTRIBUTES OF TEMPORARY ENTITY ~ACT TVIT Y~ACEL — CUR RENT EFFECTIVENESS LEVEL
EACH ACTIVITY WAS THE POTENTIAL TO REDUCE THE
EFFECTIVENESS OF THE MISSION. THE ACEL SHOWS
THE MISSION EFFECT IVENES S AT THE END OF THE V

ACT IVITY.
AF WL — FIRST WORKER LEVEL

FIRST OF THRFE WORKER LEVEL PREFERE NCES WHICH
CAN BE DESIGNATED FOR EACH KINO.OF. *CTIV ITY.

AICT — INT ERRUPTION CONT INUATIO N TIME:1 TIME REQUIRED TO COMPLET E AN ACTIVITY ~W HICH HAS
BEEN EITHER PREEMPTED OR INTERRUPTED

AL RL — LOW ER REDUCTION LIMITH LOWER LIMIT FOR A UNIFORM DISTRIBUTION WH ICH IS
U~~O TO SELECT THE AMOUNT THAT THE ACEL IS TO BE
REDUCED.

ANOA — NUMBER OF ACTIVITY
SAME NUMBER AS THE CORRESPONDING KIND.OF.ACTIV ITY V

ANWR — NUMBER OF WORKERS REQUIRED V

V EACH ACTIVITY MAY REQUIRE FROM ZERO TO THE TOTAL
V NUMBER OF WORKERS IN THE SIMULATION TO PERFORM

THE ACTIVITY.
APAR — PARTIAL TEAM CAPABILITY

V YES /NO ATTRI BUTE WHICH INDICATES WHETHER AN
V ACTIVITY CAN BE PERFORMED WITH FEWE R WORKERS

THAN THE NUMBER REQUESTED.
APHA — PERCENT MISSIONS AFFECT ED

IF A RANDOM NUMBER IS LESS THAN OR EQUAL TO THIS
VALUE , THE A CEL WILL BE REDUCED BY AN AMOUNT

V BETWEEN THE ALRL AND TIlE AURL.
APOA — PRIORITY OF ACTIVITY

ONE OF THREE PRIORITIES W HICW INDICATES THE TIME
— OF DAY THAT AN ACTIVITY CAN BE PERFORMED AND

ITS ABILITY TO TAKE WORKERS AWAY FROM LONER
PRIORITY MISSIONS.

V ASWL — SECOND WORKER LEVEL 
V

SECOND OF THREE WORKER LEVEL PREFERENCES WHICH
CAN BE DESIGNATED FOR EACH KIND.OF.ACTIVITY.

ATFC — TIME FUNCTION CODE
INDICATES THE TYPE OF DISTRIBUTION FROM WHIC H AN
ACT IVITY TIME WILL BE SELECTED.

V~~V ATPC — TEST PHASE CODE
SEQUENTIAL CODE NUMBERS ASSIGNED TO ACTIVITIES V

WHICH COMPRISE A MISSION IN EACH TEST PHASE.
PRIORITIES MAY BE ASSIGNE D BETWEEN THE DIFFERENT

V TES T PHASES BY PREFIXING THE CODE WITH PRIORITY
V NUM BERS. (LOW NUMBER IS HIGH PRIORITY)

ATWL — THIRD WORKER LEVE L
THIRD OF THREE WORKER LEVEL PREFERE NCES WHICH CAN
BE DESIGNATED FOR EACH KINO.OF.ACTIV!TY

_ _ - - V  V V  - 
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AURL — UPPER REDUCTION LIMIT
UPPER LIMIT FOR A UNIFORM DISTRIBUTION WHICH IS USED
TO SELECT THE A MOUNT THE ACEL IS TO BE REDUCED.

ATTRI BUTES OF EVENT NOT ICES
CT PN — CONFIRME D MISSION TEST PHASE NUMBER

PROGRAMMING VALUE USED TO DETERMI NE THE TEST PHASE
OF THE NEXT MISSION.

V EA MN — END OF ACTIVITY MISSION NUMBER
PROGRAMMING VALU E TO IDENTIFY THE MISSION NUMBER-: OF A COMPLETED ACT IVITY.

ATTRIBUTE S OF PERMAN ENT ENTITY ~KIND.OF.ACTI VITY”
KP AR — PARTIAL TEAM CAPAB ILITY

V 
V PER MANENT COPY OF YES.’NO ATRRIBUTE OF EACH

— KIND OF ACTIVITY WHICH INDECATES WHETHER AN
ACT IVITY CAN BE PERFORMED WITH FEWER WORKERS
THA N THE NUMBER REQUESTED.

KF WL — FIRST WORKER LEVEL
PER MANENT COPY OF THE FIRST OF THREE WORKER LEVEL
PREFERENCES WHICH CAN BE DESIGNATED FOR EACH KIND OF
ACT IVITY.

KLRL — LOWER REDUCTION LIMIT
PER MANENT COPY OF L OWER LIMIT FOR A UNIFORM
DISTRIBUTION WH ICH IS USED TO SELEC T THE AMOUNT THAT
THE ACEL IS TO BE REDUCED.

KPMA — PERCENT MISSIONS AFFECTED
PERMA NENT COPY OF THE MAXIMUM VALUE OF A RANDOM
NUMBE R WHICH INDICATES THAT THE MISSION EFFECTIVENESS
IS TO BE REDUCED BY AN AMOU NT BETWEEN KLRL A N D  KURL.

KPOA — PRIORITY OF ACT IVITY
PERMANENT COPY DESIGNATING ONE OF THE THREE PRIORITIES
WHICH INDICA TES THE TIME OF DAY THA T AN ACTIVITY
CAN BE PERFORMED AND ITS AB ILITY TO TAKE WORKERS
AWA Y FROM LOWER PRIORITY MISSIONS.

KSWL - SEC OND WORKER LEVEL
PERMANENT COPY OF THE SECOND OF THREE WORKER LEVEL
PREFERE NCES WHICH CAN BE DESIGNATED FOR EACH KIND OF
ACT IVITY. -

KTFC — TIME FUNCTION CODE
PERMANENT COPY OF THE TYPE OF DISTRIBUTION FROM WHICH
AN ACT IVITY TINE WILL BE SELECTED.

4 KT WL — THIRD WORKER LEVEL
PER MANENT COPY OF THE THIRD OF THREE WORKER LEVEL

• PREFERENCES WHICH CAN BE DESIGNATED FOR EACH KIND OF V

ACT IV ITY.
V V KURL — UPPER REDUCTION LIMIT V

PER MANENT COPY OF THE UPPER LIMIT FOR A UNIF ORM V

DISTRIBUTION WHICH IS USED TO SELECT THE AMOUNT
THAT THE ACEL IS TO BE REDUCED.

_ _ _ _
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ATTRIBUTES OF PERMANENT ENTITY LEVEL.OF.WORKER”
LNIW — NUM BER OF IDLE WORKERS

CONTA INS TIlE VALUES INDICATING THE NUMBER OF IDLE
WOR~~RS IN EACH LEVEL. USED TO GATHER STAT I STICS
AND FOR PROGRAM CONTROL.

LTIT — TOT AL IDLE TIME
CON TA INS THE SUM OF THE IDL E TIME IN A LEVEL . ITS
VALUES ARE PRINTED IN THE REPORTS.

ATTRIBUTES OF TEMPORARY ENTITY “MISSION”
NCEL - CURRENT EFFECTIVENESS LEVEL

V VALUE OF MISSION EFFECTIVENES S AND MAY BE REDUCED
BY EACH ACTIVITY IN THE MISSION.V 

- lINAC — NEXT ACTIVITY CODE
NUMBER CORRESPO NDING TO THE ATP C OF THE NEXT V

ACTIVITY OF TIE MISSI ON. VALUE IS USED TO ORDER THE
V MISSI ONS WAITING IN THE QUEUE.

HNAP — NEX T ACTIVITY PRIORITY
NUMBE R CORRESPONDING TO THE APOA OF THE NEXT
ACT IVITY OF THE MISSION. VALUE IS USED TO ORDER THE
MISSI ONS WAITING IN THE QUEUE.

NTOA — TIME OF A RRIVAL
TIME AT WHICH NOTIFICATION OF A MISSION WAS RECEIVED.
VALUE IS USED TO DETERMINE MISSION DURATION AND THE
TIME AT WHICH A PRIOR ITY I MISSION CAN BE CONDUCTED.

NTPN — TEST PHASE NUMBER
IDENTIFIES THE TEST PHASE TO WHICH THE MISSION BELONGS

MX CI — CANCELL. CODE INDICATOR
IF THE VALUE IS I WHEN THE MISSION RECORD RETURNS
FROM DETERMINE. PREMISSION.CANCELLATION OR CA LCULATE.
MTSSI ON.EFFECTIV ENESS, THE MISSION IS CANCELLED AND
I IS ADDED TO THE NUMBER OF CANCELLED MISSIONS IN
THE TEST PHASE.

V ATTRIBUTES OF PERMANENT ENTITY “TEST.PHASE”
V TCMP — NUM BER OF COMPL~TEO MISSIONSCURRENT C OUNT IN EACH TEST PHASE V

TCNF — NUMBER OF CONFIRMED MISSIONS V

CURRENT COUNT IN EACH TEST PHASE. SOME OF THESE
MISSI ONS MAY BE CANCELLED.

TCNX — NUMBER OF CANCELLED MISSIONS
CURRENT COUNT IN EACH TEST PHASE.

TDBN — DAYS BEFORE NEXT MISSION
IF THE VALUE IS GREATER THAN OR EQUAL TO I IT IS USED
WIT H THE TT MC RANDOM VARIAB LE TO DETERHIPIE THE TIME
OF THE NE XT MISSION. IF THE VALU E IS LESS THAN I, IT
IS ADDED TO THE CURRENT SIMULATION TIME. IF THE SlIM
IS DURING NORMAL DUTY HOURS, THE MISSION IS SCHEDULED
AT THAT TIME ; OTH ERWISE , THE MISSION IS SCHEDULEO FOR
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THE BEGINNING OF DUTY HOURS ON THE NEXT DUTY DAY. V
V TOCO — DATE COMPLETED

DATE THAT THE LAST MISSION WAS COMPLETED IN EACH
TEST PHASE.

TNUM - NUMBER OF TEST PHASE
NUMBERS RANGE FROM 1. TO THE TOTAL NUMBER OF TEST PHASES

TSTY — STA Y TIME STATISTIC
VAL UE COMPUTED FOR EACH MISSION IN A TEST PHASE AS

V THE DIFFERENCE BETWEEN THE TIME COMPLETED AND THE
TIME OF NOTIFICATION.

TTMC — TIME MISSION CONFIRMED RANDOM VARIABLE
USE R PROVIDED D ISTRIBUTION FOR TIlE TIME OF DAY THAT
THE MISSION IS TO BE SC HEDULED.

- V TREQ — NUM~3ER OF REQUIRED MISSIONS
VALUE TO WHICH THE SUM OF ALL FINAL MCEL MUST EQUAL
OR EXCEED IN EACH TEST PHASE.

GL OBAL VARIABLES 
-

VBBIT — BEGI N BREAK I TIME
VBB2T — BEGI N BREAK 2 TIME
V BDDT — BEGIN DUTY DAY TIME
VBLBT — BEGI N LUNCH BREAK TIME
VEBIT — END BREAK I TIME
VEB2T — END BREAK 2 TIME
VEDDT — END DUTY DAY TIME
VE LBT — END LUNCH BREAK TIME
VMROP — MONTHLY REPORT OPTION

ENTERING NO IN THE INPUT DATA DELETES THIS REPORT.
VRMPT — REQ MISSION PREPARATION TIME (INCLUDED IN DURATION TIME )

TINE REQUIRED TO PREPARE FOR AN ACTIVITY. (BETWEEN
MISSION NOTIFICAT ION AND THE FIRST PRIORITY 1
ACTIVITY ) IF ALL PREMISSIOP4 ACTIV ITIES HAVE BEEN
COMPLETE D PRIOR TO THIS TIME, THE MISSION IS FILED
IN WATT.FOR.MISSION.TTME.

V VRUMS — PIJMB ER OF SIMULATION RUNS FOR ENTIRE DATA PACKAGE
NUMBER OF TIME S THE ENTIRE DATA PACKAGE IS TO BE RUN
WITH DIFFERENT SEED VALUES TN THE RANDOM NUMBER

V GENERATORS TO PROVIDE A DISTRIBUTION OF VALUES.
V W EA M  — WEEKEND ACTIVE MISSIONS

YES OR NO OPTION TO ALLOW PRIORITY MISSIONS TO BE
CONDUCTED ON WEEKENDS.

VWROP — WEEKLY REPORT OPTION
‘

V ENTERING NO IN THE INPUT DATA DELETES THIS REPORT
: VWWOD — WO RK WEEK DUTY DAYS

V NUMBER OF DAYS IN THE NORM AL DUTY WEEK. TO INTERNALLY
SCHEDULE MTSSIOPIS ON THE WEEKEND THIS VALUE MUST BE
INCREASED ACCORDINGLY.

REPORT VARIABLES
VWCM P — CUMULATIVE NUMBER OF COMPL ETED MISSIONS AS OF LAST WEE K

V

.

4 
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VWCNF — CUMULATIVE NUMBER OF CONFIRMED MISSIONS AS OF LAST WEE K
VWCNX — CUMULATIVE NUMBER OF CANCELLED MISSIONS AS OF LAST WEEK
VMCNP - CUMULATIVE NUMBER OF COMPLETED MISSIONS AS OF LIST MONTH
VNCNF — CUMULATIVE NUMBER OF CONFIRMED MISSIONS AS OF LAST MONTH
VMCN X - CUMULATIVE NUMBER OF’ CANCELLED MISSIONS AS OF LAST MONTH

LOCAL VAR IABLES (WITH A SING LE LETTER PREFIX OR SUFFIX)
V “AZ” — ACT IVITY....f’XANPLE AZG OR PAZ

V I  “ MZ” — M!SSION.....EXA MPLE NZF OR
“Ti” — TEST PHASE..EXA MPLE TZ B OR YTZ
“ WZ” — WORKER....,.EXAMPL E HiD OR UW!

ATTRI BUTES OF’ PERMANENT ENTITY “WORKER”V 

WLEV — LEVEL
CATAG ORY OR TYPE OF WOR KER

WN AM - NAM E
V NAME OF EACH WORKER (6 DIGETS OR LESS).
- NS TA — STATE

SHOWS THE CURRENT STAT U S OF THE WORKER AS IDLE, BUSY,
BREAK , OFF DUTY, OR OVERTIME.

ATTRIBUTES OF TEMPORA RY ENT ITY “XFACTOR”
- ‘ XUPL — UPPER PERCENTAGE LIMIT

IF A RANDOM NUMBER IS LESS THA N OR EQUAL TO THIS
VAL UE THE MISSION IS CANCELLED.

U

V

I’

V1~~

V V 
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PROGRAMMING CODES

ACTIVITY PRIOR ITY CODES
I — ACTIVE MISSION, PREEMPT WO RKERS, CONTINUE UNTIL F INISHED
2 — MUST BE COMPLET ED IN CURRENT DAY
3 — NORMAL DUTY HOUR S

WORKE R STATU S CODES
0 — I D L E
I — B U S Y

3 — OFF.OUTY
s — O V E R T I M E

TIME FUNCTION CODE S ARGUMENTS 
V

IAR G 2ARG
1 — BETA POWER OF K POWER OF ( I—X )

V - 2 — dINOPIIAL—-——- ——NUMBER 3F TR IALS_____ PROB OF SUCCESSV 

3 — CONSTANT MEAN VARIANCE
- - 1, — ERLANG MEAN SHAPE PARAMETER

5 — EXPONENTIAL MEAN MEAN V

6 — GAMMA MEAN SHAPE PARAMETER
7 — NORMAL MEAN STO DEVIATION
A — POISSON— — ~~—~~~e MEAN — MEAN
9 — UNIFORM BEGINNING VALUE ENDING VALUE

10 — WE IBULL SCALE PARAMETER SHAPE PARAMETER
—1 — INTEGER STEP N FA————— — — N/A
—2 — REAL STEP N/A N/l

V 
—3  — CONTINUOUS N /A N /A

~
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Flow Chart Abbrev1at~ons
ABBREVIATION EVENT OR ROUTINE

ALLOC ALLOCATION
AP1MS ACCOIIPLISH.PR1 .MISSIOt4
ATOMS ATTEND.TO.MISSION
BGNWK BEGIN. WORKING
BPART BUILD.PARTIAL.TEAMS
CHEKQ cHECK.QUEUE
CLEAR CLEARV 

QISEF CALCULATE.MISSION. EFFECTIVENESS
CNFMS CONFI~ 4ED.MISSION

V CSARC COMPUTE. STAY.TIME.AND. RECORD. CANCELLATION V

V DPART DISBAND. PARTIAL.TENIS
DPMCX DETE~4INE. PREMISSION. CANCELLATION
EOACT EO.ACTIVITY - .

EODHR EO.DUTY.HOU RS
EOSIM EO.SIMULATION
ERROR ERROR. PACKAGE
FIRPT FINAL.REPORTV 
IANDF INTERRUPT.AND.FILE
IFPM INFO. PACKAGE
INTZE INITIALIZE
LACMS LOOK. AHEAD. COMPLETE.MISS IONS
LARGE LARGEST
MAIN MAIN
MREPT NREPORT
MSSCH MISSION.SCHEDULE
MYETR MYE.TRACE
MYLST MY.LIST
MYTRC MY.TRACE
OTPMS OVERTIME. ACTIVITIES. FOR. PRIORITY.MISSIONS
PREAM PREAMBLE
PRENT PREEMPT
QENIF QENTER. INFO
QEXIF QEXIT .INFO
REPLI  REPLICATION
RINTZ RUN.INITIALIZATION
SUIISK SIJM.WORKERS

4 TKVBRK TAKE.BREAK
VALUE VALUE
VNWRQ VALIDATE.NLRIBER.OF.WORKERS.REQtJESTEO
WENIF WENTER. INFO

V WEXI F WENTER.INFO
- 

V WREPT WREPORT
XMRPT XMREPORT
XMRPT XWREPORT
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V 

DATA INPUT INSTRUCT IONS

coot s
~ 

A — ALPHA NUMERIC DATA
~ 

I ~ INTEGER DATA

~ 
R~~~REAL DUA

V ~ (DECI MAL POINTS MAY BE OMITTED FOR WHOLE NUHBE~S) 
V

i-V 1~s ENTER CONTROl. CARD
•_ 

~V S DATA 07

H ~ 2. HOW MA NY TINES DO YOU WANT TO RUN THE ENTIRE O~ T~ PAC’(~ GE

V

i ~ I

~ 
3. ENTER THE DATE TO BEGIN THE SIMULATION (MUST BE MONDAY ) 

V
V ~ MONT H DA Y YEAR
HV I I I .. 

V

V ~ ‘S 00 YOU WANT WEEKLY REPORTS (NO)
: 1 A

V~V~ ~ S. 00 YOU WANT MONTHLY REPORTS (NO)

~
: -  A

~ 65 HOW MANY gINO.OF.ACTIVITY 
V

I

7. 00 YOU WANT TO DELETE THE FEATURE
REOUCTION.OF.MISSION.EFFECTIVENESS (YES)

A 
-V.)

IS IF ‘7” IS YES, ENTER FOR EACH KINO .OF.ACTIVITY .
1(0* ATTRIBUTES

KNA N ~POA ~TFC (PAR ICFWL KSWL I(TWL
V I A I I A I I I

2

P1
V NOTE IF AN ACTIVITY CANNOT BE PERFORMED BY THREE

‘ -V DIFFERENT L.E~ELS OF WORKER, N#KE REPEATED V
~V P 

ENTRIES OF A QUALIFIED LEVEL OF WORKER.

V -V ~ 
95 IF ~ 7W IS NO ENTER FOR EACH KINO.OF.ACTIVITY.

~j 
~ 

I 1(0* ATTRIBUTES V

‘1 ~ KNAM KPOA KTFC KPAR KFWL KSWL KTWL KPMA KLRL KURt.
-V
.

~~~~~~ 
I A I I A I 1 I R R R V

~V V~~~ 2
; ‘V

-V N

.

~~~~~~ 
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10. NOW MANY TEST.PHASE

~ 
I V

DO It THRU 17 FOR EACH TEST.PHASE

V 11. ENTER TIlE TEST.PHASE NUMBER.
V I

~ 

I 

12. ENTER THE NUMBER OF MISSIONS REQUIRED.

~ 
I

~ 13. ENTER THE TIME MISSION CONFIRMED (TTNC ) RANDOM VARIABLE.
~ Gust-VA PROBtI) VALUE U~) ~~~

— ‘ ~~ CUML.* PROB(N) VALUE (P4)-

~~ I 
•
~ 

R R R R 4’ -V

~ I 
.~~ t4. ENTER THE IARG, 2ARG IN MINUTES FOR EACH KINO.OF.ACTIVITY

VV ~ 
-V IARGII) 2ARG(1.) —~~~~—~~— —‘ .-—LARG (N) 2ARG (N) V

‘ ~ R R R R
: NOTE IF AN ACTIVITY IS NOT USED IPI A TEST PHASE,

I ~

- ENTER ZEROES
~~~ 

155 ENTER FOR EACH~ACTIVITY.
~H ACTIVITY - ATTRIBUTES V

ATPC ANOA AN WR
I I I I V

V 

2

N 4’
V NOTE SINCE ATPC INDICATES THE ORDER IN WHICH ACTIVIT IES

ARE PERFORMED, HIGHER NUMBERS SHOULD BE ASSIGNED AS
-V ~ 

ATPC S WITHIN A TEST PHASE AND IN SUCEEQING TEST V

PHASES. SEE TEXT FOR ASSIGNMENT OF PRIORITIES.

V 16. ENTER • TO DELETE MISSION CANCELLATION FEATURE.
V 4’

V 

17. IF ~16’ IS NOT 4’ ENTER THE PROB OF CNX FOR EACH FACTOR.
-V 

R
TV V ~
- V.

- ~ 1-V.. ENTER OK

~~ ~ ~ 
19. 2RE THERE ANY EMPERICAL FUNCTIONS (NO)

:; ...O . •O$#O ••ø•• 0•O.• #00.0

: 
V 

( ) 159

V~~ 

V

:~
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20. IF ‘19~ IS YES,NOW MANY INYEGER.STEP.FUNCTION
I 

V

ENTER FOR EACH FUNCTION
FUNCTION PAIRS

V CUNUL A PROB(1) VALUE (1)-—— CUMULA PROB(N) V*LUE (NP
1 R I R I

- V i  2
V~~

- 21-V. IF ~i9’ IS YES,V HOW MANY REEL.STEP.FUNCTION
I

V ENTER FOR EACH FUNCTION
FUNCTION PAIRS V

CUNULA PROB(I) VALU E( I)—— ’CUMULA PROB(N) VALUE ( N)
~ - 

1-V R I R I V
V 2

N

V 
V 22. IF L9’ IS YES,
: HOW PlAN! CONTINUOUS.FUNCTION

IV 

ENTER FOR EACH FUNCTION V

FUNCTION PAIRS
V CUMULA PROB (1) VAULE (j)’—— CUMULA PROB(N) VALUE (N)
V 1-V R R R R

V ! - Vi
V~ N

-
V 

Ø OBII ••øO~ •~ *O# 00000 •*O•O uoøl
V-V~ 

23. HOW MANY DUTY DAYS PER WEEK
1 1

2’.. WILL YOU ALLOW ACTIVE MISSIONS ON THE WEEKENDS (YES OR NO)
• A

~V 25. ENTER THE TIMES TO START AND STOP WORKING .
V
•~- V 4  V BDOT VBBI t VEBIT VBLBT VELBT VBB 2T VEB2T VEDOT

:V i  R R R R R R R R

•~
A 

26. ~NTER THE NUMBER OF DAYS PREPARATION REQ FOR AN ACTIVE MSN.

L; ~ 
V

~tVV1 ~: . ~ 160:J

~~~ 

‘
V 

~~ 
-— V — -V — — V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V
VVV V V V  V~~-VVV - V -V -V - VV - V - V -V - V - V~~V~~-V -VVV ~~~ V V V V V V V V V V V V V V V V V V V V ~ V V V V V ~V-V V V _ _ _ - V V - V - V _~~~~ VV -V -V -VV V V V V V V V V V V V V V V V VV V V V V V V - V - V V V ~~~~~~~~~~~~~~~~ 
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~ GOR/SM/76D-7

zip. ENTER OK
~ 

A
V 

REPEAT 20 THRU 36 FOR EACH SIMULATION RUN.
~~•o..u,oi••#••#.... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i i is. ENTER • TO DELETE TRACE MESSAGE FEATURE.
I 4’

~~~ 
~: 29. IF 2* IS NOT • ENTER DAY TO START AND STOP TRACE MESSAGES.

~~! ~ 
R R •

~ 
V V ~ 30. ENTER OK

V~~ ~ 
-V -V A

~ 

V- 

31. ARE ALl. SKILL FACTORS THE SANE (YES )

V 
~ -V -V A

: 32. HOW MANY LEVEL.OF.WORK (R
I

-V) 33. HOW MANY WORKERS
VII I

3k. ENTER FOR EACH WORKER 0 IF 31~ WAS NO, V

V WORKER ATTRIBUTES SKILL FACTORS
NNAM WLEV I KOA (i)”~’.-~~KOA (N)

I A I R R
2 . V

N

~-V 

NOTE WORKERS SHOULD BE ENTERED IN ORDER BY LEVEL

I 35. ENTER THE NUMBER OF DAYS BETWEEN NSN FOR EACH TEST.PHASE-V-V 

R ~~~~~~ ~~~ —~~ — R
; NOTE TO SCHEDULE MORE THAN I MISSION PER DAY, ENTER THE

V VALUE ((END DUTY DAY BEGIN DUTY OAY)I2~)flRJMBER-V EXAMPL E OFFICE HOURS 0800~ i?00, 3 MISSIONS/DAY
V 

((t7.O’8.0)/2~)~~3 s 0.125

~V 36. ENTER OK V V

: A
-V. ~ .....•.~~~.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V ~ ~ 37. ENTER CONTROL CARD
:~ : S DATA 00

~
-V

~
-Vj 

~ 
(:1 161 -V

LL___
~
_V-V: :

~~ ~~~~~~~~~~~ VV ~~~ 
j V V V V  ~ V V ~~~~~~~ V V. ~~~~~~~~~~~~~~ V~~ •~~~~~ • .~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ V V V V~~ V V VV ~~~~~hd . V
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~ 
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~~~J!W VVV V V V V V V V ~~~~~ 

- V V  -V-V - V

V 

GORlSN/76~~7 
V

3*. ENTER EXTERNAL CONFIRMZQ.SCHEDULEO.MISSION
EVENT DATE TIME TEST.PHASE SEQUENTIAL ACTIVITY CODES
A I I I 1 — — SEE NOTE —— 14’

V NOTE IF AN ACTIVITY COOE IS NOT PART OF THE INT ERNAL
V:V (VENT SEQUENCE DESCRIBED IN 15, ENTER AFTER THA T
!

V 
ACTIVITY CODE.

~ 
ANDA APOA ANWR AFWL ASWI. AIWL V

~I 
I I I I I I .

1 3i9~ ENTER CONTROL CARD
~e S DATA 09

~ 

V ~~~~5 ENTER EXTERNAL EO.SIMULATZON
V V EVENT DATE TINE

V
; A I

V 

kl THRU ‘.3 ARE REQUIRED FOR REPLICATIONS.

~~i•S ENTER CONTROL CARD.
V ;  ,

~ 
$ DATA 10

~ ~ 42. IF SPECIFIED SEED VALUES FOR THE RAN OOM NUMBER GENERATORS
~ ARE TO BE USED, ENTER YES AND THE VALUE S. (10 VALUES EACH)

~ V 1. * 1 1 1 1 1 1 1 1 1 1
2

N

~
• 43. IF THE CURRENT SEED VALUES ARE TO BE USED, ENTER PlO FOR ~

EACH REPLICATION.
~4 A — —— e S aS

;. •••HOoIII•••uol.•.~0oa#ooo0o#...oo.oa......o.....e...ao

~ ~ ~4. ENTER CONTROl. CARD
$ ENOJOS

~~~~~~~~~

~I ~ 162
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APPENDIX E

SMPLE fl4TA

-V

-V

-V I I -V

~~~~ 

H

-V
~~~~ 

-V 
Vi

~ 
-V
~~~~~~

-V

~

V~ ~ 
~;:$ : : 163
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DATA INPUT
I )

$:I*TA:07
-I 

V

5 24 1976
NO V
NO

V 14
V -V NO

V P$SNPG29YES12 .3 0 0 0
V PNSN PA29YESJ23 0 0 0

CGtIMSN1 9NO 1 2 3 1 0 10 20
~V 

CN6N 19N0 1 2 3 3 0 30 100
PS TPIIG 39NO 1 2 3  0 0 0
PST*A29N0 1 2 3  0 0 0 

•
DATARD 19NO 3 3 3  510 20V 

DATMN 39YES312 0 0 0
~~ISNI 2 9 Y E S 1 1 1  0 0 0

V ~NSNI 19 N0 1 1 1 1 0 10 15V 

PSTNNI 3 9 NO 1 2 2  0 0 0
NSNNEL13NO 1 1 1  0 0 0

V
~ ~ 

V 

NITAPE39YES3 1 210 10 20
V NILO~~ 3 9 Y E S 3 1 2  0 0 0

8
V 

1
V V 6 V
2 08.75 10 1.0 12 4’
: 360 48000 120 18000

V 0 0 0 0  0 0 0 0 0 0
0 0 0 0  0 0 0 0 0 0  V

2 1 1 1 3  V

212 3 3 4’
4’ 

V

-V

V~~~~ 2
-V V~ 12 V

-V 
V 010 .75 13 1.0 14 4’ V

V 0 0 0 0 0 0 0 0
• 

—
V 

0 0 0 0 0 0 0 0
‘ 

V~ 48O 6OO 12O 1~~~12O 1~~~O O O O O O
I
V 221 9 2

V 222 10 2
V 223 1 1 2 *

V .1 .2 .1 *
~~V 3

- V •
V 4

V 
V 010 .75 13 1.0 14 4’ V

0 0 9 0 12000105 135
V -V 0 0 30 90 0 0 0 0
V 1) 0 0 0 0  0 0 0 0 0 0 0

~~! 164
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V 

GOR/SM/76D-7

231 2 3
232 4 2

~ V V  233634’
.1 .2 .1 4’ -V

4
22

V 0 10 .75 18 1.0 21 *
0 0 30 120 0 0 240 300
0 0 120 180 11520 14400 1440 2160
0 0 0 0 0 0 0 0

360 480 120 150
V 241 2 3  V

242 4 6
-V-V . 243 6 4

244 13 2
- -V 246 14 1 V

247 7 0  V

248 8 1 4’

.2 .2 *

~~ 

V

V~ 
V 

010 .75 181.0 21 4’
0 0 30 120 0 0 240 300 V

0 0 120 180 1440 2160 480 600
0 0 0 0 0 0 0 0

~ 360 480 120 150
~ 

151 2 3
~ 152 4 3
, I.- 153 6 3  V

I “-V’ 154 13 2
I 155 14 1
~~~V 156 7 0

~ ~: 157 8 24 ’
:~ ;~ .2 .1 *
V ~~ 6 V V 

V

~ ~~ 
1

~
-V 

~ -V V 0 7.51.0 7.5 4’ V

~~ 
LE~ V 0 0 0 0 0 0  0 0  ~ •. V

~~~ 

~J 0 0 0 0 0 0  0 0  V

~~~
-V !~2 0 0 0 0 0 0 8 6 4 0 0

~ !I 0 0 0 0  
V

~~-V ~~V
•
~ : 261 12 2 *

~~ ~~ V ! 1 1*
V *  

~:- ~ 7 -V

~~~~i~~~~~~~~~

-V
•V : 4

‘
:~~ ~- 010 .75 13 1.0 14 4’ V

~~~~ 
i~; 0 0 30 120 0 0 180 240 V

E ~ 0 0 120 180 1440 4320 720 2880
~ U 0 0  0 13 0. 0 0 0 0 0 0 0  V

~~; 
~~:1 2 7 1 2 4  V

~~~ 
p
~ 

• 2 7 2 4 4

~1 ~~~ 
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I’

GOR/SN/76D-7 
.

-V 273 6 4
~74 i O V

275834’ V -V -V )
.1 .1 4’
8 

-

~

~ 
10 -V

~ 010 .75 13 1.0 14 * V.

V 0 0  30 120 0 0 180 240 V
-V
~~ 

00120 1$0 2880 5768 360 480
~ 

00 0 0 0 C 0 00000
~ 281 2 3
~ 28243
~V : 28 363 V

~ 28470  V .

.1 .1 * 
-

V

OK V

~~~~~ 

-V

I - S
;

1 ~ NO
I ~ 7.5 L75 10.0 11.5 12.5 14.75 15.0 16.0

-V 

1•0
: 4’

~~~ 
V

NO
3
9
TEl 1 -1 1 1 1 1 1 1.5 2 1 1 1 1 1.5 1.5 ~ 

V

1E2 1 1 1 1 1 1 1 1.5 2 1 1 1 1 1.5 1.5 —
I P 01 1 1 1 1  111.5 2 1 1 1 1 1 . 5 1.5

TT1 2 1 1 1 1 1 .5 1 1.52 1 1 1 1  2 2  V
- -V 112 2 1 1 1 1 1 . 5 1 1.5 2 1 1 1 1  2 2

TI 2 1 1 1 1 1 . 5 1 1.5 2 1 1 1 1  2 2
V 1A131.S 1 .511 1 1  1 1 1 .~~1 1 1 1 1

1*2 3 1.5 1.5 1 1 1 1 1 1 1.5 1 1 1 1 1
0*31 .~~1.~~1 1 - 1 1 1 1 1 .~~1 1 1 1 1
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
OK
S : MTA:O8

~ ~ONFI~~ED.MISSIQN 8/16/76 9 30 4 241 242 243 244
-V V 

, 245 1 3 3 3 3 1 2 2 4 7 248 4’
cONFI~~~D.NISSION 8/30/76 10 00 6 262 8 3 3 3 3 3 *

~ CONFI~ IED.NISSI0N 1/1/84 9 30 *
-V S:DATA:09 : V

EO.SIMULATION 1/1/84 10 30 *
, $:t~TA:1O V

NO NO NO NO NO NO NO NO NO
$:ENWOB V

~ 166

-V~:1 ~
I — 

— ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V— — 
__-VJ



-V 
-V - V  

~~~
- V- V-V

~~~~~~~~~~
-V

~~~ 
~~V ~~~~~~~~~~~ -VV -V V V V ~~~~ -V VV ~~-V V - V - V_  ~~~ - V - V-V-V~~~~~~~~~ -V~~ - V - V  V-~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V V  -V~~~~ -V -V V V V V - V V -~ V V ~_~-V_-V-V~~ ~ -V V

GOR/SM/760-7

APPENDIX F

SAMPLE OUTPUT

-V

:

.

V 

~

:4 

• 

I

.

•

. 

-V

~ 
C~ 
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~

--V-V
~

--V-V-V-V VV~~ V - V - V-V~-VV -V -V -VV -V -VV -V~ V-V~_-V-V-V_-VW V V V V V V V V ~~~~~~~~~~~~~ -V -V-V~~~- V - V~~ -VW~-V-V - - - V -V-V
~
-V
~

-V-V-V
~ 

-VVfl -V~~~~~
- V - V - V - V  V V V _V -V V -V V-V -V S-V ~-V V-V_-V_-V_-V ~~- - V _~~~ ,._ .~~ - ~~~ - V , 

~~~~~~~~~~

GORISN/76D-7 V~ 

V -V

ATT RIBUTES OF EACH KIND OF ACTIVITY

ACT KNAM KPOA KTFC ICPAR ICFWL KSWL KTWL KPNA KLRL KURL ~ 

V 
V 

V

~ I PMSNPG 2 9 YES t 2 3 0. 0. 0. V 
V

2 PMSNPA 2 9 YES I 2 3 0. 0. 0. 
V

V ~ 3 CGONSN 1. 9 NO I 2 3 10.00 10.00 20.50

~ ~ 
1~ C*NSN 1. ~ 9 NO 1 2 3 30~00 30.00 100.0

~ 5 PSTNNG 3 9 N 0  I 2 3 0. 0. 0.
6 PSTMNA 2 9 NO I 2 3 0. 0. 0.
7 DA TARO I V 9 NO ~ 3 3 5.00 10.00 20.00
S DAT A AN 3 9 YES J I 2 0. 0. 0.

. 9 PM~NI 2 9 YES $ 1 1 0. 0. 0.
-V 10 CN$111 I 9 NO $ I I 10.00 10.00 15.00

II. PSTNNI 3 9 NO I 2 2 0. 0. 0. -V 
-V

12 MSNNEL I 3 NO 1. 1 1 0. 0. 0.
13 ANTAPE 3 9 YES 3 1 2 10.00 10.00 20.00
I4 ANLOGS 3 9 YES 3 1 2 0. 0. 0.

~~~~~~~ 

,

V V

~ -VV

: H
I -V 

.

-V 1’
•‘i ~~ 

-V

.~ :
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~~~
- V V T - V V  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-V ~~~~~~~~~~~~~ -V V -V 

~~~~~~~~~~~~~~ ~~ V ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
V ~ ~~ 

V ~~~~~ -V~~~-V V-V -V ~~~

GOR/SM/7 6D-7

V 

0O#O# NUMBER MISSION TINE ACTIVITY SEQUENCE AND RQNTS
k I PRO B TIME CODE ACTIVITY WORKERS REQ V

~ 

\V V 8 0. 10.00 28t 2 3
I V  .75 13.00 282 5. 3

V 1.00 14.00 283 6 3
-~ 204 7 - 0I 285 0 1. 

V

I ATTRIBUTES OF TEST PHASE V

-V - . TNUN TREQ N.STRUC N.CX.PROB -V

~ 
8 10 5 2 V

! . _ 

V

I ATT RIBUTES OF EACH ACTIVITY IN STRUCTURE(TEST PHASE) 
V I

ATPC ANOA APOA ATFC AICT A NWR APAR AFWL ASWL ATWL
201 2 2 9 0. 3 YES I 2 3
282 1• ~ 9 0. 3 NO I 2 3
263 6 2 9 0. 3 NO I 2 3
20~ 7’ 1 9 0. 0 NO 3 3 3
285 8 3 9 05 1 YES 3 1 2 1

ATPC ACE L A PHA AIRL AURI. M.STRUCTURE tl.TEAM
281 1.00 0. 0. 0. i 0
282 1.00 30.00 30.00 100.0 1 0
283 1.00 0. 0. 0. 1 0
281. 1.00 5.00 10.00 20.00 1 0
285 1.00 0. 0. 0. 1. 0 V

ATTRIBUTES OF EACH XFACTOR IN TCANCELLATION.PROB (TEST PHASE) 
V

V: XUPL M .TCANCELL *TION.PROBAt3ILITy

~~~~ 
• 

~ 

:~ ~:

;i V

~

-V

V -V

~~V I  I

,
~~

V

~

V
V
-V

~~ 
V 
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V V ( ~
-V

~

-V

~~ 

:i~
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GOR/SM/76D-7

ATTRIBUTES OF EACH WORKER 
V

~ 
V ~~~~V 

WORKER W N A M  WLEV WSTA M.TEAM V 
~ 

V

- V - V
~r -  I TEl 1 3 0 V:_ 

• ;- 2 TE2 I 3 0
H -V 

• 4 : 3 P0 1 3 0
H I V 

~~~~~ V - VV 4 TTL 2 3 0 V

~~~i ~ 
V

~~ , TT2 2 3 0
!~~ ~ 

Vi 

~ TT 2 3 0
~~l ~ - 7 TAt 3 3 0
I - ; ~ a TA2 3 3 0

r~ ~ 
9 0* 3 3 0

,
~~ ~
~ ~~! -V

~ i ~ 
THE SK ILL FACT OR OF EACH WORKER

I ~ ~ WORKER
H - I 2 3 1~ 5 5 7 8 9

A CT
V I 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50

V V 2 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50
V

i 
V 3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 V

;• 
V 4 1.00 1.00 1.00 1.00 1.00 1.00 1500 1,00 1.00 V

-V 5 1.00 1.00 1.00 1.50 1.50 1.50 1.00 1.00 1.00 V

S i.00 1.00 t.00 1.00 1.00 1.00 1.00 1.00 1.00
7 t.30 1.~ 0 1.50 1.50 1.50 1.50 1.00 1.00 1.00V 6 2.00 2.00 2.00 2.00 2.00 2.00 1.00 1.00 1.00
9 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50
to i.oo t.oo t.oo t.oo t.oo i.oo i.oo t.oo i.oo

-V It 1.00 1.00 t.00 1.00 1.00 1.00 1.00 1.00 1.00
12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100

~ V ~~ 1.30 1.50 1.50 2.00 2.00 2.00 t.00 1.00 1.00
1~ 1.~ 0 1.50 t.50 2.00 2.00 2.00 1.00 1.00 1.00

~~~~~~~~~~~~~~F
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-V - V -V V- V- VV VV-V V -V~~V - V  V V V - V-V- V -V V V V V V V -V ~~ 
V -V V-V-V _-V__V -V V -V- V~~- V - V - V V -V V V V V  V V V V V ~~~~~~~~~~~~~~ ~~

-V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~

V GOR/SM/76D-7

~ FINAL TEST FORCE REPORT
-V (FO R SIMULATION E N D I N G  10 16 1976)

~~ -V MISSION STATISTICS

~ i FOR TEST PHA SE I ARE
V~~ NUMBER SCHEDULED - ~ 6 MISSIONS
.
~ PlUMBER CANCELLED - 0 MISSIONS
V V NUMBER REQUIRED — —~~ = ~~ MISSIONS

EFFECT IV E PRODUCTIVITY  — 6.0000 MISSIONS
-V

-V AVERAGE MISSION DURATION = t.S.120 DAYS
S TO OEV—————~————— —~—~~~~~~~ = .6779 DAYS

-V . -V TOTAL OF DURATION TIMES————— 6.4718 DAYS
~ SUM OF SQ OF DURATION TIMES = 1’..72 DAYS

-V . 
DATE COMPLETED— — S I 1976

: M ISSION STATISTICS
V FOR TEST PHASE 8 ARE

-V NUMBER SCHEDULED----- — - 13 MISSIONS
V NUMBER CANCELLED—- = 2 MISSIONS

V NUMBER REQUIRED—— - = to MISSIONS
EFFECT IVE PRODUCTIVITY ~ 10.3721 MISSIONS

~
- AVERAGE MISSION DURATION = 7.7844 DAYS
~ STD 0EV —  ~ 2.1560 DAYS
~ -V TOTAL OF DURATION TIMES z 85.6289 DAYS
V SUN OF SQ OF DURATION TIMES = 717.75 DAYS

~Ii 
DATE COM!~iETED ~ to te 1976 V

~ NOTE SINCE THE DURATION OF CANCELLED MISSIONS IS ZERO, -V

V
-V STATISTICS ARE COMPUTED FOR COMPLETED MISSIONS ONLY.

~J 

~! ~

~~~~ ~

-V

V ~ ~ Section 4. Mission Statistics

~~~~ 

~~V 
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GOR/SM/760-7

~ 
QUEUE REPORT

~ SUM V

~ MAX LENGTH Ali LENGTH STO 0EV OF Q TIMES
V 12.0 NIN 3.185k $SN 3.3276 MSN 470.1, DAYS

HISTOGRAM OF QUEUE LENGTH

-V 
QUEJE LENGTH STATE PERCENTAGE

-V-V 
V 0 NZ$51016 32.22 1

:1 1 NZ$51016 15.92 1
V 2 MISSLOI~ 1.9k 1

~ 3 NISSZOIG 3.9$ 1
V ~ NISSIOIG l..~~5 ~ 

-V

V 5 NISSIONS l~.77 X
6 MISSIONS ,.7t I
7 MISSIONS 0.89 1

:- S MISSIONS 8.02 1
V
~ 9 NISSIOIG ~581 1

I, NISSIONS 2.94 1
V V It MISSIONS .31 I
~~V LI MISSIONS .01 1

NOTE ALL PRIORITY 3 MISSIONS ARE £N THE QUEUE DURING OFF
V DUTY HOURS. PERCENTAGES ARE BASED ON A V. HOUR DAY

V 
AMO DUE TO ROUNDING NAY NOT SUM TO 100.

Vt .V-V V-V•

‘: -V

~
-

-

~ -V
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GOR/SN/76D-7

HISTOGRAM OF WORKER IDLE TINE BY WORKER LEVEL

STATE TIME
(DAYS)

~ NUMBER OF IDLE WORKERS LEVEL 1~ LEVEL 2 LEVEL 3
0 135.9906 127.872? 132.5936
I 3.4396 2.6188 2.7680

~ ~ 
2 .6031 1.9215 j.1170

V ~ 3 7.6358 15.2571 11.1415
~ ~ 4 0. 0. 0.

TDTAL. IDLE TIME
-V -V 27.55 52.23 36.51

-V 
V ANALYSIS OF WORKER STATUS

~ : ~ HOURS IN STATE
-V ~ STATE PERCENTAGES

~ 
WOR(ER IDLE BUSY 3RE*K OFF DUTY OVERTIME

V
-V 

V 

TEL 224.30 HRS 536.42 I-IRS 140.26 HRS 2399.41 IRS 243.67 HRS
6533 1 15.11. 1 3.96 1 67.70 1 6.86 1

TEZ 218.95 HRS 546.45 -IRS 135.60 HRS 2269.53 I-IRS 353.55 HRS
6.18 1 15.42 1 3.63 1 64.60 1 9.98 1

PD 216.06 HRS 548.1.0 HRS 134.53 HRS 2272.20 HRS 370.86 MRS
6.15 1 15.4? 1 3.80 1 64.11 1 10.46 1

TTI. 416.66 MRS 336.06 HRS 146.06 HRS 2555.10 HRS 87.90 MRS 
V

~ 11.62 1 9.’.B 1 4.12 1 72.09 7. 2.40 1

VV TT2 418.26 MRS 334.17 MRS 146.56 HRS 2557.61 MRS 85.41 MRS
11.60 1 9.43 1 4.19 1 72.17 ~ 2.41 1

TT ~j6.l5 MRS 335.99 MRS 146.56 MRS 2556.09 ~4RS $6.99 MRS V
-V

~

V 11.75 1 9.48 1 4.19 1 72.12 V. 2.45 1 V

~ . TAt 307.34 MRS 441.65 MRS 152.01 MRS 2616.76 MRS 26.30 MRS
-V ~ 

-V 8.67 1 12.46 1 4.29 1 73.64 1 .74 1 V

-

~ 

I 
: TA2 308.95 MRS .40.04 HRS 152.01 MRS 2613.27 MRS ~9.61 MRS 

V

i-V
-V

~ I 

6.72 1 12.42 1 4.29 1 73.14 1 .64 1
V V~~

V -V
~ ~ 0* 307.66 MRS 440.86 MRS 152.26 MRS 2619.81 MRS 23.2? MRS

V

-V ~ 
8.69 1 12.44 2 4.30 1 73.92 1 .66 1

~ ~ 
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GOR/SM/76D-7

VITA

V James Paul Eggers was born on 1 2 March 1946 in Centralia, 1111 nois. V

He graduated from Centralia High School in 1964 and attended the Univer-

-1 
~ 

sity of Illinois from which he received the degree of Bachelor of Science

:~ , in Electrical Engineering in February 1969. Upon graduation he received
~ 

-V -V a coninission in the USAF through the ROTC program. He was employed as

~ 
an engineer for the Illinois Bell Telephone Company until called to active

~: duty in February 1969. V

After completing pilot training at Laredo AFB, Texas , he served

~ 
18 months in Southeast Asia as a member of the 361st TactIcal Electronic -V

VI Warfare Squadron. He served as an instructor pilot and flight examiner

In the 44lOth Special Opera tions Grou p at Englan d AFB , Louisiana, and
as a training monitor and air operation officer in the 1st Special

V 

Operations Wing at Huriburt Field, Florida. He entered the Air Force

V Institute of Technology in May 1975 to earn the degree of Master of

~ ~ 
Science In Systems Analysis.

: Mailing address: 219 S. Cherry Street

:~ Central ia, Illinois 62801
I.
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