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SUMMARY 

Many newly commissioned off icers in the United States Air Force 

are assigned duties as communications center managers without extensive 

training in that capacity. This thesis presents a communications t ra in

ing program to f i l l that need. The foundation for this course is a 

model of a typical USAF communications center. This model is then im

plemented on the UNIVAC 1 1 0 8 d ig i ta l computer by use of the programming 

language GPSS-2. The model studies the interactions of both men and 

machines in the environment, a novel approach to the subject. Data for 

model development were acquired from the L i t t l e Rock AFB communications 

center, a center typical of USAF tributary stations. 

Using the simulation model as a base, a communications training 

course is developed. This course consists of a series of lectures, 

student inputs, computer runs, analyses, and critiques in the surround

ings of a "game-simulation." The thesis is concluded by a series of 

recommendations for use in implementing and expanding the model and 

computer program at the USAF training center. 
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CHAPTER I 
INTRODUCTION 

It has often been said that training is the largest task in the peace-time military service. The truth of the statement can hardly be questioned when one considers the constant flow of people into and out of the services. The incoming personnel are seldom, if ever as capable as the outgoing at the time of replacement. Skills must be developed and. enlarged if the mission capability of the unit is to be retained* Many newly commissioned officers of the United States Air Force are assigned to the Communications Technical School at Keesler AFB, Mississippi. Following their communications training, they are then frequently placed in managerial positions all over the world. Too often the newly assigned manager finds himself in the field, saddled with the responsibilities of resource allocation, scheduling, and national security, yet he has no practical experience in the management of Communications Centers (COMMCEN). Unless a means of offsetting this lack of experience can be presented during the training of these officers, the military posture of our nation could suffer. An example of near-disastrous results due to lack of training stands out prominently In the author's mind. Several years ago he was serving in a Communications Center managed by a relatively inexperienced officer. Due to a combination of rather unfortunate circumstances, the available manpower for the COMMCEN was suddenly reduced. The Officer 
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in Charge (QIC) felt the situation required the somewhat extreme solu

tion of twelve-hour duty tours for the workers in the COMMCEW. The 

decision to extend duty hours was largely intuitive, and because no one 

was familiar enough with analytical techniques to even determine the 

message flow through the facility (let alone the scheduling of men re

quired for processing the flow), the twelve-hour duty tours were con

tinued for three months. The result was a general lowering of morale 

and an increase in error rate for that period. 

The arrival of an experienced analyst who studied the problem 

and suggested an alternate schedule resulted in a return to eight-hour 

shifts under a booster arrangement and a speed of message handling su

perior to that previously achieved under the twelve-hour shift condi

tions. This was achieved without a degradation of service due to in

creased error rate. Instead, the number of errors was reduced to the 

levels that existed before the severe schedule, The talent of the 

analyst lay in his ability to analyze message handling in COMMCEN oper

ations, something the OIC, a recent graduate of a communications course, 

was unable to do. 

In communications operations, training becomes a day-to-day prob

lem for management. Skill development means very much when equated with 

communications capability. The untrained or inexperienced communica

tions officer offers management great potential, but he must currently 

be considered as an expensive individual. In broad terms, the untrained 

or inexperienced man cannot work unsupervised (an added expense and a 

great blow considering the continued shortage of skilled supervisory 

personnel), and he cannot be relied upon to do his work in the desired 
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time and with the quality expected by the unit. The man may have ability, 

but in his present state of capability he does not know, and cannot pro

duce, enough work to pay for his presence in the unit. 

The only way to eliminate this low production is to train the man. 

The training is time-consuming and expensive, but it is an absolute es

sential if the unit is to attain and the Air Force maintain mission 

ability. 

A training program, developed during the author's thesis research 

and its subsequent implementation into overall communications training, 

will provide this exposure to the actual situations encountered in day-

to-day management of COMMCEN facilities. This training program simulates 

the operation of a typical USAF COMMCEN and, in a single computer run, 

represents one week's operation. Thus, in a few short hours of decision 

making, coupled to the feeding of appropriate inputs to the computer 

program, several weeks of operation may be simulated, analyzed, and 

evaluated. The overall problem, then, is that of need for management 

training. The specific problem, resolved during this study, was that 

of the development of a course of instruction for communications per

sonnel. This course includes a model (a computerized simulation) and 

will provide the necessary management experience to substantially 

shorten the period in which the newly graduated officer is ineffective 

as a manager. 

The general, developmental approach for this proposed course (or 

exercise) was divided between the computer program written for the 

simulation of the COMMCEN and the lecture presentations. The first 

problem to be resolved was that of a criterion for a measure of COMMCEN 
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effectiveness. The speed of processing outgoing messages was selected 

as the standard for this program as this in-station handling time is 

recognized by communications experts as the indicator of COMMCEN success. 

Incoming messages are minimally processed, then are immediately ready 

for pickup. In-station message handling time limitations then are a 

boundary over which one must not pass. The handling methods and reasons 

for delay must be explained, to higher communications authority, on each 

message that is handled in excess of prescribed limits ( 1 7 ) • 

In the course design, some attention was directed toward the in

formation input and output phases themselves but only as necessary to 

yield an operational model. This approach gave results that satisfied 

the main problems. It produced a computer simulation that may be incor

porated into zhe overall USAF communications training program and will 

thereby provide more realistic training to the fledgling communications 

officer allowing him to make his mistakes in the classroom rather than 

in the field. 

The motivating force for this project was the requirement of a 

thesis for a Master of Science degree in the School of Industrial Engi

neering at the Georgia Institute of Technology. A secondary motivation 

lies in the writer's desire to better acquaint communications students 

with some knowledge of what lies ahead, thereby making them more valu

able members of the USAF aerospace "team." 

Although this research contains many of the elements of a man 

versus a computer management "game," the simulation and proposed train

ing course are not this exacting. The set of instructions to be pro

grammed into a computer algorithm for such a game is not known for each 
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case of inputs. Instead, the more general Monte Carlo methods of simu

lation are favored, and thus a highly developed simulation model of the 

COMMCEN and its manning system is constructed each time the student pro

vides his manpower specifications. From these specifications, the model 

for the particular COMMCEN is constructed and its operations are analyzed 

and fed back to the student so that the learning cycle may be extended. 

In this context then, the term "game-simulation" will be used to describe 

the interactions of the students, the computer, the training staff, and 

of course, the model COMMCEN. 

Before proceeding with a complete discussion of the game-simulation 

technique, the term "game-simulation" will be more fully defined and its 

place in the spectrum of systems analysis techniques described. The 

principal techniques of systems analysis, arranged in increasing degree 

of abstraction, are now discussed. The degree of abstraction is small 

if one is experimenting with the real world or is using observations 

from the real world for analysis. Geisler chooses to include three 

kinds of simulations under the general heading of "gaming" ( 1 9 ) » They 

are one-to-one, game-type, and all computer. The mathematical model, a 

simulation outside the gaming range, involves the greatest degree of 

abstraction and will not be considered any further in this work. 

The three types of simulation have been included under the over

all topic of gaming, since human beings may be used as an integral part 

of any one of these kinds of simulation. The one-to-one kind of simu

lation is usually a very detailed representation of the system under 

study and is used for training purposes. An example of this kind of 

simulation is the laboratory setup used for training operators in the 
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SAGE air defense control systems. At the other end of the gaming area is the all-computer simulation, in which the system is represented entirely by a digital computer program. Normally, this type of simulation does not involve people, as all decisions and decision rules are contained in the computer program. People can participate, however, and have been utilized in any manner which allows human beings to make certain decisions during the sequence of simulation runs. An example of this type of simulation is the US Army Logistics training conducted at Fort Lee, Virginia (3)« The game-type simulation defined by Geisler may include both games and "game-simulation." It is difficult to draw a fine line between it tt games and game-simulations. Both techniques involve the use of people or players as an integral part of the simulation process, and either technique may or may not involve the use of a computer. The game may be considered as a simulation which is performed for the purpose of examining and identifying the broad aspects of a conflicting situation (19)• Great flexibility exists in the structure of the game and the interest in outcomes is minor. "Game-simulation," on the other hand, is generally used where the interest is in policies for tactical-type decisions; the structure of the game is considerably more formal, and analysis of outcomes is of more importance. This, then, is the case with the COMMCEN "game-simulation" designed in this work. 

A more favored method of categorizing simulation, however, is that described by Specht (hi) who is also a member of the Rand Corporation. He developed a dichotomy of classes where a model (or situation) is either a conflict type or a non-conflict type. Sub-classes within 
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the major types are categorized as: 

I. Verbal 

II. People--as an integral part of the model 

III- People and computers interacting as a part of the model 

IV. Computer 

V. Analyt ical . 

Figure 1 displays this c lass i f icat ion system and contains ex

amples (from the cited reference) of each c lass i f ica t ion . Categories 

II, III, and IV make up the general class of "simulation models" while 

categories l i e , IIIc, and IVc f i t the general term "gaming models." 

If conf l ic t is an essential element, then we shall speak of model 

types Ic, l i e , IIIc, IVc, and Vc. A conf l ict situation does not, of 

course, exclude the case of opponents (or players) who have interests 

in common, i . e . , a l l i e s . If conf l ic t plays l i t t l e or no part, then 

model types Inc, l ine , I l lnc , IVnc, and Vnc are used. 

In a later section of this thesis, a f u l l description of the 

COMMCEN i t s e l f is forthcoming, but at least a few introductory remarks 

are now in order. The USAF COMMCEN to be modeled is the teletype fa 

c i l i t y at L i t t l e Rock Ai r Force Base, Arkansas, the researcher's last 

duty station preceding his assignment to the Georgia Institute of Tech

nology. This COMMCEN contains a l l of the f a c i l i t i e s familiar to USAF 

communications personnel: AUTODIN, TWX, WUX, leased commercial as well 

as government terminals. The physical makeup and operating descriptions 

of the equipments and f a c i l i t i e s l i s ted above are introduced as required. 

Once the course design is complete and i t has been declared 

operational, a, working test is made on mil i tary personnel currently 
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serving at the Georgia Institute of Technology and the results of that 

test are discussed. Following these, some general conclusions and 

recommendations are presented to round out the thesis. 

MODEL FORM NO CONFLICT CONFLICT 

I Inc Ic 

VERBAL Some Scenarios 
Delphi Techniques 

II l ine l i e 

PEOPLE Command Post 
Exercise 

War Games 
Cr is is Exercise 

III I l lnc IIIc 

PEOPLE AND 
COMPUTERS 

Logistics Systems 
Laboratory 

TAGS 

IV IVnc IVc 

COMPUTER FLIOP 
SAMSON 

STAGE 

V Vnc Vc 

ANALYTICAL Missi le Defense 
Example 

Game Theory 

Figure 1. Categories of Model Forms (hi) 
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CHAPTER II 

LITERATURE SURVEY 

General Information 

The quest for the boundaries of knowledge in the area of training 

by simulation led simultaneously in two major directions, one on the 

Georgia Tech campus, the other through the Air Force f a c i l i t i e s . The 

f i r s t was of the existing l i terature contained in the Price Gilbert 

Memorial Library at the Georgia Institute of Technology, which indicated 

many instances of simulations but few in the communications f i e l d . 

Studies by the Rand Corporation have been performed in this area [h). 

None has been used in training environments nor has the problem been 

approached from the standpoint of the man-and-machine combination used 

in this part icular simulation. Existing simulations of communications 

f a c i l i t i e s , such as those by Baran, Boehm, and Smith, focus upon relay-

station act iv i t ies rather than those of a tributary station (5,6). The 

study of the communications system from the smallest separate l ink (the 

tributary station) rather than from the whole chain (the network of t r i 

butaries and the relay stations) should y ie ld results worth many man-

hours and eliminate many tr ial -and-error experiences to the communica

tions center manager in the f i e l d . The second major direction pursued 

by the investigation during the l i terature survey was to query the USAF 

communications training agency as to their needs in the training-

simulation areas. Although this action is not precisely a survey of 
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l i terature , i t generally provides answers that are not available loca l ly . 

The chief of the communications training branch at the USAF Tech

n ica l Training Center^ Keesler AFB, Mississippi was contacted and the 

general idea of the research discussed. This communications course d i 

rector stated that there was a definite need for this type of work and 

requested that further information concerning the proposed course of 

instruction (both the simulation and the training exercise) be forwarded 

to his o f f i ce . Communications with the training branch (TSDGB) have 

begun and are continuing. A copy of this thesis and the included pro

gram of training w i l l be forwarded to TSDGB for further evaluation, 

course inclusions, and specif ic desires of the USAF training staff at 

that o f f ice . Testing of the program, on a larger scale than was carried 

out at Georgia Tech, pr ior to ful l - t ime implementation w i l l also be 

handled by TSDGB. 

While the actions cited above were in progress, some current 

l i terature concerning simulation in general and GPSS-2 in part icular 

was investigated (20,35̂39)• The readings studied were part icular ly 

useful concerning the adaptability and appl icabi l i ty of GPSS-2 to the 

problem at hand. Many journals were also reviewed for applications of 

GPSS-2 to environments similar to the COMMCEN (21,32). A survey of per

tinent mil i tary l i terature was also conducted to insure that a l l ele

ments of the USAF tributary COMMCEN were represented (1,2,13). The 

findings of these surveys appear in the following portion of this 

chapter. 
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Simulation 

With the advent of the high speed computer in the early 1950's, 
simulation took a step from the physical model phase, the small scale 

Monte Carlo analysis, to that stage where direct experimentation with 

mathematical models was possible. The constraints of step-by-step, 

plodding arithmetic manipulation were removed by the speed at which the 

computer processed thousands of calculations. With the invention of 

computer simulations, countless applications came into being. 

Simulation is essential ly a technique that involves setting up 

a model of a real situation and then performing experiments upon the 

model. This def ini t ion is broad, however, and may t ie together many 

seemingly unrelated things such as Link Trainers, business management 

games, wind tunnel a i rcraf t , e lect r ica l analogs, r iver basin models, 

and mil i tary war games. Naylor (35) on the other hand says: "Simula

t ion is a numerical technique for conducting experiments on a d ig i ta l 

computer, which involves certain types of mathematical and log ica l models 

that describe the behavior of a system (or some component thereof) over 

extended periods of time." 

This def in i t ion by Naylor is too narrow and too directed at 

analyt ical or mathematical models. Some compromise between the extremes 

should be expressed. For the purposes of this paper and to keep the 

def ini t ion down to "working s ize ," the f i r s t def ini t ion (setting up a 

model and performing experiments on i t ) w i l l be expanded in terms of the 

model i t s e l f rather than simulation in general. In the previously cited 

work (^l), Specht describes a model in E. S. Quade' s terms*. 

Given a set of alternatives (including ones that the analyst 
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may have invented in the course of studying the problem) a model 
is a black box. The analyst has designed the particular box to 
deal with his particular problem, and he has constructed it to 
reflect the state of the world of which the alternatives are a 
part. Into this box as inputs the analyst feeds information 
about the alternatives, and from the box as outputs comes infor
mation about the effectivenesses, plural, and the costs of each 
of the alternatives. With the help of a criterion, the analyst 
or the decisionmaker can then rank the alternatives in order of 
desirability and can select the optimum. 

This input-output concept of a model then will be used with the previous 

definition of simulation whenever the terms are used in this work. 

System Analysis 

If a scale is imagined for methods of system analysis, analytical 

approaches might appear at one extreme, experimentation on a real system 

at another, and simulation somewhere in between. Analytical methods, 

while most abstract, when applicable are the most efficient. They may 

indicate explicitly whether an optimal solution exists and is unique. 

Nature, however, must be frequently distorted to fit into an analytical 

model. Direct experimentation, at the other extreme, may be necessary 

because of the difficulty in abstracting a meaningful model of any kind. 

For example, while preliminary experimentation in agricultural or medi

cal research may be performed in the laboratory, applied tests on the 

real systems are usually necessary. 

Simulation offers a combination of advantages of these extremes. 

In addition to permitting realistic models that are nonlinear, nonsta-

tionary, nondifferentiable, and generally not well behaved, simulation 

does not require an explicitly stated objective function. Computer 

simulation allows the engineer to hold all variables except the one 

under study, constant, a condition he can only approximate in the labora-
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tory. In stochastic computer simulations, the seemingly impossible 

task of reproducing random events is accomplished by producing sequences 

of pseudo-random numbers which, though predictable, exhibit every other 

characteristic of genuine random numbers. 

The great disadvantage of simulation is i t s cost. When a com

puter is required, programming and operating costs frequently run very 

high. It is here that the recently developed special purpose simulation 

languages promise to be of great help. 

Simulation Languages 

Simulation models can be programmed for a d ig i ta l computer by 

using standard higher level programming languages such as FORTRAN or 

ALGOL. Problems which have any complexity, however, burden the engineer 

overwhelmingly with programming chores i f such languages are used. 

Several powerful simulation languages have been developed which 

allow the engineer to describe his problem or process model in a lan

guage closely related to i ts description in graphical or engineering 

form. The term d ig i ta l simulation has been attached to two quite d i f 

ferent types of computer languages. The f i r s t type deals with discrete 

ser ia l processes with transactions or events taking place in time, while 

the second type describes large scale systems and models with complex 

feedback mechanisms. Three of the d ig i ta l simulation languages (l8) be

longing to the f i r s t class, which have gained considerable acceptance, 

are the General Purpose Systems Simulator ( 2 1 , 2 3 ) (GPSS), SIMSCRIPT ( 3 * 0 , 

and GASP (27,23). Other special purpose languages of this type include 

SIMPAC ( k O ) , SIMULATE ( 2 k ) , GSP ( k k ) , M0NTEC0DE ( 2 5 ) , and CLP ( 1 5 ) . 
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There are a very large number of digital simulation languages of 

the second type. Brennen and Linebarger ( 8 , 9 ) a n (i Clancy and Fineburg 

(ll) have compiled lists of over 50 such languages with information about 

the characteristics of each and the availability of the simulator pro

grams. The most widely used perhaps is DYNAMO ( 3 7 ) with MIDAS ( 2 2 ) a 

close second. 

Comparison of Simulation Languages 

In view of the large number of simulation languages which now 

exist, a detailed comparison is beyond the scope of this thesis. How

ever, several sources of reference should be mentioned. Krasnow and 

Merikallio ( 2 9 ) have written a comprehensive comparison of SIMSCRIPT, 

CSL, GPSS, SYMPAC, and DYNAMO. Teichroew and Lubin (^3) have compared 

SIMSCRIPT, CLP, GASP, GPSS, and SOL. GPSS, SIMSCRIPT, and SIMPAC have 

also been treated in a paper by Young (^-7) and Tocher's paper, "Review 

of Simulation Languages," (kk) is a recent publication in this area. 

Training by Simulation 

One of the early attempts at applying digital simulation tech

niques to training was described by Stockton (k2) following exercises 

conducted in seven Texas cities. The purpose of these exercises was 

to evaluate the simulator as a training device for small business 

management and to evaluate the technique for carrying on the exercises 

over an extended time period. 

Based upon the resulting observations and discussions with par

ticipants, Stockton asserts that it is clear such simulations are an 

effective training medium, if the actions and mistakes of the partici-



1 5 

pants are subject to para l le l discussion and analysis. The exercise is 

conducted over a six month period, but the extended time period of the 

simulation was not considered a handicap. This is due to the high qua

l i t y of administration during the "game." There was no lessening of 

the participants 1 high level of interest and motivation reported. 

Training by d ig i ta l computer simulation method has also been con

ducted by the United States Air Force at Wright-Patterson AFB, Ohio. 

In a simulation enti t led MAIN-MAN-X, the maintenance and operations ac

t i v i t y of a fighter squadron is simulated by appropriate computer ac

t i v i t y and printout. One day of real-time represents one month in mock 

time. Students play the role of various managers within the aircraft 

operations and maintenance structure, and they provide input decision i n 

formation to the computer based upon the role they are playing and the 

output information from previous runs. The student-furnished information 

is combined with preestablished "problems," such as grounding the a i r -

f leet because of structural fa i lure , thereby necessitating rescheduling 

of operations, as well as maintenance overtime in certain maintenance 

areas. The duration of the exercise is f ive days representing six months 

of a i r operations. At the end of this period, the entire class receives 

crit iques of their actions and suggestions toward such improvements in 

decision making which might result in more effective results. Hopefully, 

the student carries such improved knowledge back from the three-week 

temporary assignment at Wright-Patterson AFB. 

The United States Army is another subscriber to the training-by-

simulation school of thought (3)- At Fort Lee, Virginia the US Army 

Logistics Center uses a number of logist ics problem simulators as teach-
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ing devices. They are used at the end of training "blocks" in order 

that the student may apply what he has been taught. A l l of the simula

tions ci ted, at Fort Lee, are of the "game" type, which is preferred 

(at least by the US Army) to pure analysis of results. 

Medical applications of simulation uses in training were cited 

earl ier in this paper. The brainchild of a team of engineers and com

puter programmers from Aerojet-General's Azusa, Cal i fornia plant and 

doctors from the University of Southern Cal i fornia School of Medicine 

is SIM-I, a d ig i ta l computer controlled manikin ( 1 2 ) . The student anes

thesiologist w i l l have natural apprehensions i f he must learn many ha

zardous procedures by practicing on l iv ing humans. The instructor, who 

would be constantly looking over the student's shoulder, and on whose 

judgment the safety of the patient rests, would have even more. Using 

SIM-I, a machine-manikin-computer hybrid simulator system, the instruc

tor can work under more relaxed conditions while the student s t i l l ex

periences a high degree of realism. 

The "nerves" of SIM-I are imbedded sensors, which react to many 

student-init iated procedures (both proper and improper) or to situations 

induced by an instructor at the monitor-console. The inputs and outputs 

of these sensors are processed by a hybrid computer, the real brain and 

heart of the system, which in turn feeds back signals to activate the 

many actuators and pneumatic components within the manikin that cause 

the l i f e l i k e reactions. In essence, the manikin serves as a display 

(that is readily understood by the medical student) and an input device 

for the computer. 
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CHAPTER III 

OBJECTIVES 

As previously pointed out in this report as well as elsewhere in 

the l i terature, there exists a definite and identi f iable need for t ra in

ing in the management of the COMMCEN before the Air Force of f icer must 

actually manage such a f a c i l i t y . This need leads to the specif ic prob

lem at hand. The proposed management course (a series of lectures, 

simulation runs, analyses, and cr i t iques) , which was developed at the 

Georgia Institute of Technology, when incorporated into overall USAF 

technical training, should answer this need and resolve the problem. 

This thesis w i l l test the hypothesis that i t is feasible, pract ica l , 

and possible to develop the desired course by using simulation techniques 

when coupled with the author's knowledge of the communications f i e l d . 

The c r i te r ia for testing this hypothesis w i l l l i e in two dist inct 

phases. F i r s t , i f the computer model of the COMMCEN successfully per

forms (on the computer) as does i ts r e a l - l i f e counterpart (taken from 

h is tor ica l data), i t w i l l be termed "operational" and that phase ajudged 

a success. Secondly, once the model is operational, both a course out

l ine and a scheme for furnishing input and output situations (from the 

students to the model) w i l l be developed. A test of this course and a 

measure of i t s effectiveness w i l l be the responsibi l i ty of the USAF 

Technical Training Center at Keesler AFB, Mississippi . Once the staff 

of this f a c i l i t y is convinced of the worth of this program, i t w i l l be 
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incorporated into the overall US Ai r Force communications of f icer program. 

The proposed course considers the operation of a single tributary-

station (the COMMCEN) t ied to a network of other stations by a relay fa

c i l i t y . This l imitat ion was imposed to allow the course design to be 

of a size that may be handled by a single researcher. Once this simula

t ion is incorporated into the overall communications training and has 

been established as worthwhile, further simulations (and the appropriate 

course work) should be developed. This development can be accomplished 

by the staff at the Technical Center or by designated researchers. The 

qual i f icat ions necessary for such work would be twofold. F i r s t , the 

researcher should have a background in Tributary Station (TRIBSTA) opera

t ions. Secondly, the persons doing this developmental work must be know

ledgeable about GPSS. A qual i f ied communications of f icer could study 

computer programming in general and GPSS in part icular (and therefore 

satisfy the two requirements) much more easily than a computer programmer 

could learn communications operations. This point should be kept in mind 

when selecting personnel for extensions or enlargements of this simula

t ion . Any later extensions should include Tact ical Networks of communi

cation as well as Relay Station f a c i l i t i e s . They may be developed as 

separate "blocks" of training under separate simulations (computer pro

grams) or may be incorporated into this proposed program as additions 

or refinements. 

To summarize then, the primary objective of this thesis is to 

develop a course of communications instruction u t i l i z i n g simulation 

techniques. The simulation i s l imited to a model of a typical tributary 

communications center. 
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CHAPTER IV 

THE ENVIRONMENT OF THE MODEL 

Background 

The Communications Center (COMMCEN) at L i t t l e Rock AFB, Arkansas 

is typical of US Ai r Force centers in the United States. Since the 

author's most recent experience in communications operations was at this 

f a c i l i t y and since data for the model were available from there, the 

L i t t l e Rock AFB COMMCEN was selected for modeling. The typicalness of 

the f a c i l i t y was, however, the primary reason i t was chosen for the re

presentation. A few comments describing the environment, the actual 

f a c i l i t i e s , and the system operation in r e a l - l i f e are in order before 

the model is discussed. 

The COMMCEN provides teletype service, primarily for three 

agencies of the b a s e : the U 3 r d Strategic B o m b e r Wing (a B - 5 8 B o m b e r 

Wing), the 3 0 8 t h Strategic Missi le Wing (Titan II missi les) , and the 

8 2 5 t h Aerospace Division with i ts associated base support elements 

(largely administrative agencies). The service furnished is that of 

transmission and receipt of teletype messages, through a network of 

stations, interconnected to other bases (Army, Navy, and Air Force), 

throughout the world. Incoming messages from this world-wide network 

are properly annotated and delivered to the base administrative f a c i l i t y 

(BDAS) which then delivers them to the specified addressee. To achieve 

the stated ends outlined above, three types of c i rcui ts are used, each 
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of -which sends and receives messages. They are: 

1 . Automatic Digi ta l Network (ik) 

2 . Teletypewriter Exchange ( 1 3 ) 

3 » Western Union ( 1 3 ) 

A br ie f description of each system and an overview of i t s operating 

characteristics follows, but for a f u l l description of these systems, 

the uninformed reader should avai l himself of the references. 

Automatic Dig i ta l Network 

The Automatic Dig i ta l Network (AUTODIN) is a f u l l time, high speed, 

leased-l ine, long-l ine network of mil i tary tributary stations a l l con

nected to a series of central relay stations, each by a feeder l ine . 

These relay stations are in turn interconnected by trunk l ines and by 

high speed d i g i t a l computers which automatically accomplish the switch

ing and relay operations at each relay station. The major relay station 

or Net Control Station (NCS) with operational jur isdict ion over AUTODIN 

operations at L i t t l e Rock AFB COMMCEN is the NCS at Tinker AFB, Okla

homa. The COMMCEN at L i t t l e Rock AFB has ful l -duplex, fu l l -per iod ac

cess to AUTODIN; that i s , messages may be transmitted and received s i 

multaneously over these f a c i l i t i e s at any time of the day or night. 

Teletypewriter Exchange 

The Teletypewriter Exchange (TWX) is also a network of teletype 

stations. These stations are a mixture of mil i tary and c i v i l i a n sub

scribers. Instead of a central connection to a message relay station, 

messages are transmitted to the distant station by dial ing that sta

t ion 's number on a telephone-like d i a l . Circuitry is then established 
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linking the two stations together and the message is passed from one to 

the other. When the message is complete, the connection is broken and 

charges for the transmission are levied in the same manner as those for 

a long distance telephone call; that is, they are based upon time and 

distances. TWX is used by the USAF to send and receive messages of non-

military agencies and for back-up service if AUTODIN experiences circuit 

outages. TWX is a half-duplex facility, having the capability only to 

send or receive messages but not simultaneously. Since this facility 

services civilian agencies which do not remain "on call" full time, it 

is a part-time facility and can pass traffic only during certain hours, 

unless employment as a back-up has been undertaken. 

Western Union 

The Western Union network (WUX) operates in somewhat the same 

manner as the military message relay systems. However, the relay sta

tions are not computer controlled, and the subscribers are, for the most 

part, Western Union offices of the commercial telegram variety. (A few 

military bases such as Little Rock AFB are tied in.) Instead of compu

terized switching and control, the relay of messages is accomplished by 

a slower pushbutton, manual ( P - 5 1 ) method which results in much slower 
overall system handling time. Messages are sent from Little Rock AFB 

COMMCEN to the city of Little Rock Western Union office. From there 

they are passed over that company's facilities to the Western Union of

fice responsible for delivery to the addressee station. At that point, 

the messages may go in telegram format to the ultimate addressee. The 

machine connecting Little Rock AFB to the downtown station is a manual, 
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keyboard only, device with half-duplex capability. The service is 

operated only a portion of the 2k hour day unless special provisions 

have been made. 

System Operation 

Prior to a discussion of the simulation model in the actual oper

ating environment of a US Air Force COMMCEN, an introduction to the man

ner in which messages are handled should first be rendered. Later, 

this background will allow the reader to relate the model to actuality. 

The method selected for this description is to actually follow the flow 

of a single transaction (an outgoing message) through the system. 

A routine precedence message is first drafted and typed by the 

originator of the message. It is then carried to the base distribution 

center (BDAS) where the releasing authority authorizes the transmission; 

a log is kept citing and verifying such authorizations. Groups of mes

sages are then carried (hourly) to the COMMCEN from BDAS by a courier 

system. Each "batch" of messages is checked at the COMMCEN for con

formity with operating doctrine and receipt is acknowledged by the com

munications center personnel. Once the message is receipted, it is 

taken to the message center desk (inside the COMMCEN itself) where it 

is entered in a log, AF Form 1022, and given a destination routing. 

Next, a message tape is prepared (punched on paper tape on a tapecutter) 

and that tape is passed (or taken) to the appropriate circuit where it 

awaits an idle circuit condition. 

When the outgoing circuit becomes idle, the message is trans

mitted. Following transmission, the send-page copy is torn from the 
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outgoing paper roll and affixed (stapled usually) to the original mes

sage form. The tape is hung in a storage rack (where it is retained 2k 

hours) and the message is returned to the message center desk, where it 

is "cleared" in the log, annotated as transmitted, and filed. The ex

ception to the above procedures are Western Union messages which, since 

they are sent manually by direct keyboard, by-pass the tapecutters and 

proceed from the message center desk directly to the WUX circuit. This 

outgoing message activity is shown in Figure 2. The physical layout of 

the facilities is shown in Figure 3» It should be immediately apparent 

that the equipment is not arranged in the Industrial Engineer's idea of 

an ideal layout of facilities. This happens, however, to be the arrange

ment of the Little Rock AFB COMMCEN. This configuration, while not 

ideal, is typical of the Air Force COMMCEN. The disarrangement is due 

to piecemeal procurement, installation, and modification of equipment as 

well as various security rules for physical arrangement of machines 

which process classified materials. 

Incoming messages are handled in much the same manner as out

going ones, yet in reverse order. A message is received over one of 

the teletype machines, handed to the message center desk clerk, logged, 

and then delivered to BDAS by courier. Routine messages are delivered 

each hour during normal courier deliveries (8AM-7PM during winter duty 

hours, and 7AM-6PM during the summer). Priority messages (and of course 

those of higher precedence) are delivered immediately. 

Data 

Certain data were required to insure that the modeling of the 



2k 

Delivery Window ] 
Delivery Window: Messages arrive a the COMMCEN here. Point of contact to the outside world. Messages are screened and signed for here. 

Message Center Desk AUTODIN TWX 
Tape Cutter 

AUTODIN TWX 
Circuit 

wax 

ALL 
Messages 

Message 
Center 
Desk 

Message Center Desk: Message routings are assigned, logs keut, message handling time computed from here. 

Tape Cutter: Message tapes are prepared by perforation of 5 channel paper tape by operator. 
Circuit: Message tape is transmitted to distant station for subsequent relay to addressee. Page copy of transmission extracted following the message transmission. 
Message Center Desk: Message logs previously "opened11" are "closed. " Message handling time noted. 

File: Tape hung on storage rack. Messages placed into collective files. 

Figure 2. System Flow for a Typical Outgoing Message 



Delivery 
Window 

Figure 3 . Layout of COMMCFN LRAFB 
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COMMCEN was realistic and conformed to actuality. Those necessary data 

for the simulation include: 

1 . message volume (send and receive) and distribution, 

2 . message precedence distributions, 

3 - message routing distributions, 

h. message length distributions (incoming I and outgoing), 

5 - manpower availability, 

6 . equipment operating speeds, 

7 . tapecutter operation abilities, and 

co
 manual in-station message handling times. 

The necessary data were extracted from actual operational records at 

Little Rock AFB, Arkansas and were compared to message volume records 

for other stations with equipment similar (by type or performance) to 

that for LRAFB. This comparison indicated that the data were indeed 

representative of the Air Force TRIBSTA and, therefore, could be used 

in the model being constructed. The data were extracted in the fall of 

1 9 6 8 , but correspondence has been periodically exchanged with the Little 

Rock COMMCEN management staff to insure data are still typical for that 

installation and, therefore, for most tributary stations. The most re

cent exchange is dated February, 1 9 6 9 * 

Equipment 

Before the construction of the model can be discussed, some in

formation about the data and the equipment characteristics must be 

presented. The equipment to be used in considering this simulation had 

to be the same as that in the Little Rock COMMCEN. No provisions were 
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to be made for additions or deletions since the equipment considerations 

were static. It should be recognized by the reader however that, should 

equipment capabilities be altered (either for study or for the purpose 

of modeling a changed real-life counterpart), the programming task in 

the special purpose language, GPSS, would be simple for a programmer 

with any expeî ience in that method of simulation. 

Equipment available for the model were: 

1 each ASR set (AUTODIN) 

1 each M - 1 9 teletype unit (TWX) 

1 each Printer and keyboard unit (WUX) 

2 each Kleinschmidt teletype units (tapecutters) 

The operating speeds of these teletype equipments are shown in Table 1. 

Table 1 . Message Processing Speeds 

AUTODIN (send) 2 0 0 words/min 

AUTODIN (receive) 1 0 0 wpm 

TWX (send and receive) 6 0 wpm 

WUX (send and receive) ho wpm 
Tapecutter operation ho wpm 
Message center operation l min/message 

Distributions of Messages 

The messages that are brought to the COMMCEN for transmission are 
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divided into four classes of precedence (5)« These classes are arranged 

in increasing order of importance and, consequently, in order of hand

ling speed requirements. The classes are: routine (the lowest and 

slowest), priority, immediate, and flash. The reader unfamiliar with 

the military precedence system for messages should avail himself of the 

information contained in the cited literature. Routine messages are de

livered to the COMMCEN by courier (as previously described) and the dis

tribution of these deliveries (arrivals) is shown in Figure k. The 

three categories of high precedence messages are distributed as shown 

in Figure 5* 

Once a message is received at the message center desk, it is as

signed a destination routing. Based upon this routing, the message is 

transmitted via one of the three facilities available, AUTODIN, TWX, or 

WUX. The cummulative distributions for this transmission mode and for 

these assignments are shown in Figure 6 . 

Messages are usually different lengths. The average message 

length (both outgoing or incoming) for this particular COMMCEN is 200 

groups, although there are large variations from message to message. 

The distributions of message length are shown in Figures 7 and 8. Fig

ure 7 represents distributions of low precedence traffic message length 

(usually longer). Figure 8 shows the message length distributions of 

high precedence traffic. 

Precedence distributions for incoming messages are shown in Fig

ure 9* This distribution generally applies to all incoming messages re

gardless of the circuit over which they were received. 



50 

40 

3 0 
Number 

of 
Messages 

20 

1 0 

0 8 0 0 1 2 0 0 1 5 0 0 
Time of Day 

1 8 0 0 

Figure k. Low Precedence Arrivals at the COMMCEN 
(Winter Set "A") 
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(FUNCTION 1) 



Figure 6. Transmission Mode Distributions 
(FUNCTION 2) 



Figure 7. Message Length Distributions, Low Precedence 
Messages (FUNCTION h) 



Figure 8. Message Length Distributions, High Precedence 
Messages (FUNCTION 5) 
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CHAPTER V 

THE COMMUNICATIONS CENTER MODEL 

Analogues 

A certain amount of background, on the part of the reader, is 

assumed by the author. Therefore, a discussion of GPSS-2 and the merits 
of that language or the capabilities of each block in that language will 

not be presented. Any questions concerning the programming language 

should be resolved by consulting the UNIVAC Corporation manual UP-̂129, 
a manual for GPSS-2, as this programming language has been implemented 

on the UNIVAC 1108 computer. Other references were contained in the 

literature survey chapter of this thesis and a study of these should 

provide an adequate background in GPSS-2. Answers to questions arising 

from terminology, practices, or requirements of the United States Air 

Force (or any Department of Defense Communications Agency for that 

matter) may be found in the 100 series of Communications-Electronics 

Doctrine (CED) and, therefore, will not be presented here (lU). 

In general, the GPSS-2 model of the COMMCEN was constructed to 
allow the following analogues of representations: 

1. message deliveries were simulated by ORIGINATE blocks with 

times and volume based upon the data cited; 

2. transaction parameters contain message length, message rout

ing, message mode, temporary information storage, and manpower utilization 

factors; 
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3* precedence is assigned to each transaction by use of a 

PRIORITY block following functional designation; 

k. message center desk, tapecutters, teletype machines, and the 

men themselves are represented by INTERRUPT or HOLD blocks as applicable; 

5. statistics concerning the model and each particular "run" 

are maintained by QUEUE and TABULATE blocks; and 

6. logic flow and path routing utilizes COMPARE blocks to route 

messages according to values contained in the parameters and described 

by functions. 

Model 

In the model, before transactions could be created, certain de

cisions had to be made concerning representations of actual messages. 

Parameter 2 in each transaction was selected to indicate the routing. 

The coding for this utilization was P2=0 indicates AUTODIN, P2=l for 

TWX, and P2=2 for WUX. Following the generation of a transaction any

where in the program, the proper routing for that transaction was as

signed according to FUNCTION 2. This function is a GPSS-2 functional 

description of the distributions shown previously in Figure 5» An ex

ample of the assignment of this parameter is shown as indicated. 

3 0 ASSIGN 2 FN2 3 2 
2 FUNCTION RN1 D3 
.8 1 1.0 2 

Parameter 3 "was used to indicate whether a transaction repre

sented incoming or outgoing messages. This use was especially helpful 

when decisions (in the steps of logic or switching) were to be made or 

when tabular information was gathered. Assignment of parameter 3 was 
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accomplished by an ASSIGN block when required (when message was to be 

identified as incoming). P3=0 (no ASSIGN block necessary) represents 

outgoing or send traffic and P3=l was used for incoming in the following 

manner. 

3 3 1 ASSIGN 3 Kl 3 3 2 

Message precedence was indicated on each transaction by the use 

of a PRIORITY block which placed a value in the proper location in the 

transaction to correctly speed up the handling of high precedence traf

fic. At the same time (in the next block), parameter k was used as an 

indicator for either "high" or "low" precedence paths for tabulation. 

This parameter was set by use of an ASSIGN block and followed each ap

pearance of a PRIORITY block. Parameter k is coded as follows: for low 

precedence traffic l?k=0, for high precedence messages P4=l. 

Parameter 1 was used much like parameter k; that is, to indicate 

whether a message was a combination of high precedence and outgoing type. 

Its main difference was that, once the message was transmitted, the 

precedence (PRIORITY designation) was removed since the mechanics of 

logging the message to clear it required no urgency once the actual 

transmission had taken place. The values stored in parameter 3 and 

distributions used for the PRIORITY blocks were determined by FUNCTIONS 

1 and 3> respectively. The functions were generated to represent the 

conditions shown in Figures 6 and 7 which were presented earlier. A 

summary of the operations established by the few paragraphs above is 

presented for clarity. In the sample, also note the use of parameter 5 

and variable 1 . 
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21 ORIGINATE 1 29 29 PRIORITY FN1 31 1 FUNCTION RN1 D3 •95 1 • 998 2 1.0 3 600 31 ASSIGN k Kl 600 600 ASSIGN 5 FN5 33 LT\ FUNCTION RN1 C6 0 20 .6 80 

00 100 •9 33 ASSIGN 6 VI 3̂  l VARIABLE P5/K200+K1 

50 

0 .95 250 1.0 300 
Parameter 5 represents the length (in words) of a message, both send and receive. On outgoing messages, this length factor, which was obtained from FUNCTION 5, is then divided by the tapecutter capability, by a call on VARIABLE 1 which is appropriate for the tapecutter operating speed of KO words per minute. The time requirements, now in minutes, are stored in parameter 6 by use of the ASSIGN block. To crea.te a set of transactions to simulate outgoing message activity, a series of ORIGINATE blocks was used preceding the assignment of all the parameters and priorities just discussed. These ORIGINATE blocks represent the delivery of a batch of messages (or in some cases a single high precedence message) to the COMMCEN. To create the proper timing sequence of delivery, ORIGINATE blocks were "turned on" and "off" each hour to produce the activity described previously and illustrated in Figure k. A sample of the on-and-off action is presented below, but it is necessarily brief. For a full view of the ORIGINATE actions, the compilation portion of the main program should be studied (see Appendix A). 
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1 0 ORIGINATE kQl 1 0 3 0 1 1 1 ORIGINATE 5 ^ 1 5 3 0 1 1 2 ORIGINATE 6 0 1 3 0 3 0 1 1 3 ORIGINATE 6 6 1 5 3 0 1 
Ik ORIGINATE 7 2 1 1 5 3 0 1 1 5 ORIGINATE 7 8 1 3 0 3 0 1 1 6 ORIGINATE 8kl 1 5 3 0 1 1 7 ORIGINATE 9 0 1 3 0 3 0 1 1 8 ORIGINATE 9 6 1 5 3 0 1 1 9 ORIGINATE 1 0 2 1 1 0 3 0 1 2 0 ORIGINATE 1 0 8 1 1 0 3 0 1 

The message center desk, preceded by QUEUE 1, is represented by 

a HOLD block (facility l). This type of facility is used to give the 

effect of the real-life counterpart; that is, when a high precedence 

message comes into the COMMCEN, it is expedited and processed ahead of 

others. However, at the message center desk, action time for logging is 

so short that normally a transaction in progress would not be interrupted. 

Instead, the high precedence message would be placed "on the top of the 

pile" thus pla.cing it at the head of the queue. A transaction takes 

from zero to two minutes at the message center desk, depending upon 

routing and format. 

6 5 HOLD 1 7 0 1 1 

The tapecutter machines are represented in INTERRUPT blocks. A 

message under preparation would be halted and delayed by the passage of 

a higher precedence message. Tape preparation time, as discussed ear

lier, was calculated by dividing message length (from parameter 6 ) by 

operating speed; the result being stored in parameter 6. This time is 

used to set the facility activity time (by indirect specification) for 

the tapecutter teletype machines. Note that WUX messages bypass tape 

cutting; they are sent directly on line and, therefore, no tape is pre-
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pared for this type of traffic. A small logic step, using COMPARE 

blocks, separates this type of traffic. The logic net and the tape

cutter representations are shown below. 

75 ADVANCE BOTH 80 80 COMPARE P2 NE K2 85 81 COMPARE P2 E K2 210 85 QUEUE k . < . . . BOTH 115 115 INTERRUPT 2 119 116 INTERRUPT 3 119 
From the tapecutters through another logic separation (COMPARE 

blocks), the appropriate circuit is selected for transmission of the 

message. QUEUES 5j> 8, and 10 indicate message awaiting a circuit con

dition. AUTODIN, TWX, and WUX machines are represented by the facili

ties INTERRUPT k, HOLD 5, and HOLD 6, respectively. Blocks 5 and 6 are 

HOLD blocks rather than INTERRUPT, as these facilities (TWX and WUX) 

only process low precedence traffice and are, therefore, serviced on a 

first-come, first-served basis. Since TWX and WUX are half-duplex cir

cuits, these facilities are also receiving traffic in between outgoing 

transmissions. This activity is represented by the appropriate ORIGINATE 

and ASSIGN blocks which are also tied to these transmitter blocks. This 

receive activity is modeled to include the proper parameter values for 

incoming message activity. The use of ASSIGN and ORIGINATE has been 

amply described earlier in the paper, so the example below will show 

only those blocks which model the facilities themselves. AUTODIN re

ceive activity is independent of the send operation. The receive models 

for AUTODIN, represented by ORIGINATE blocks, are tied directly into the 

message center desk representation (HOLD l), unlike the TWX and WUX re-
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ceive activity. Before the example cited above is shown, some mention 

of the indirect specification found in the facility blocks should be 

made. 

Message transmission times for facilities k, 5j and 6 are calcu

lated in the same manner as those for the tapecutters. The message length, 

parameter 5j Is divided by the appropriate operating speed, by employment 

of VARIABLE blocks representing particular facility speed, and the result 

is stored in parameter 7« Activity time is then taken by a call on par

ameter 7 at the proper time. The example of this operation coupled with 

the facility a.ctivity follows. 

3̂  ADVANCE BOTH 35 36 35 COMPARE P2 E KO 37 37 ASSIGN 7 V2 
to circuit 

2 VARIABLE P5/K200+K1 

36 ADVANCE BOTH 38 39 38 COMPARE P2 E Kl 
i+0 i+0 

ASSIGN 7 V3 
to circuit 

3 VARIABLE 
P5/K60+K1 39 ASSIGN 7 Vi+ 

to circuit 
k VARIABLE 

P5/K30+K1 160 INTERRUPT h l6l *7 190 HOLD 5 200 *7 235 HOLD 6 235 *7 
AUTODIN 
TWX 
WUX 

All transactions pass through a small logic network between the 

circuits and the message center desk. In this network, statistics are 

compiled for outgoing traffic, both low and high precedence, with regard 

to handling time. This information is connected in TABLE blocks 1 and 

3. Next, the precedence is removed, since once the message has departed 

the station (transmitted on the circuit), there is no hurry to get the 

page copy filed. All messages next pass through the message center desk 
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(HOLD 1 again) where they are either logged and delivered or filed. 

Either course of action is determined by a small logic step at the end 

of the program. Incoming message data are collected in TABLE 2 and the 

simulation run is complete with regard to machine operation. The logic 

steps cited and the tabulation devices are shown below. 

2 7 2 

2 7 8 

2 7 0 ADVANCE BOTH 2 7 1 2 7 1 COMPARE P3 E KO 3 3 5 2 7 2 COMPARE P3 NE KO 27h 
27k HOLD . 1 2 7 6 2 7 6 ADVANCE BOTH 2 7 7 2 7 7 COMPARE P3 E KO 2 8 0 2 7 8 COMPARE P3 E Kl 2 8 1 2 7 9 TABULATE 1 2 7 6 2 8 0 TERMINATE 
2 8 1 TABULATE 2 3 0 0 3 0 0 TERMINATE 
3 3 5 ADVANCE BOTH 3 3 6 3 3 6 COMPARE Fk E KO 2 7 9 3 3 7 COMPARE l?k NE KO 3 3 8 3 3 8 TABULATE 3 3 ^ 0 3 ^ 0 PRIORITY 0 2 7 6 

3 3 7 

The tables generated by the above blocks, which call on TABLE, are de

scribed by the following cards in the program. 

1 TABLE Ml 0 6 0 00 

2 TABLE Ml 0 6 0 3 TABLE Ml 0 5 1 0 
The output produced by the TABLE blocks is the standard GPSS display. 

TABLE 1 produces a history of in-station message handling time for low 

precedence messages. This table is divided into one hour (as indicated 

by the 60 in the "z" field) categories; therefore, the results are easily 

analyzed and compared to established standards. TABLE 2 displays the 

same information for incoming messages that TABLE 1 did for outgoing and 

is, therefore, arranged in the same manner with 6 0 minute intervals. 
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TABLE 3 is only slightly different from the others. This table lists 

the in-station handling time for outgoing high precedence messages. It 

is divided into increments of five minutes so that the high precedence 

message flow may be closely scrutinized. Samples of these tables are 

contained in Appendix A under the heading "Program Output." 

Thus far,, nothing has been said about the modeling of the men who 

operate the machines previously described. To represent the function 

of man interacting with the machine activity of the COMMCEN, a series 

of SEIZE, ASSIGN, and RELEASE blocks was used around each of the facili

ties that has been described throughout this chapter. The system oper

ates in the following manner. A transaction is created (as described 

earlier) in an ORIGINATE block. It receives its appropriate parameter 

values and looks for an available man. Once a man (who is represented 

by INTERRUPT 1 0 through l k ) is available, he is selected by use of the 

SEIZE block. An ASSIGN block is then used to show which man was seized 

by placing that man's number ( 1 0 through l h ) in the applicable parameter 

(parameters 8 through 1 3 ) • The manpower facility is then held until 

the machine (represented earlier by INTERRUPT or HOLD blocks) has been 

used and the transaction passes the proper RELEASE block. Each facility 

in the model is preceded by a series of "manpower" operations. This 

links the man to the machine and insures that, each time a facility is 

called, a man will be available to operate it. This manpower represen

tation is shown below for a typical module. 



8 5 9 0 9 1 9 2 
9 3 
9h 

QUEUE 
SEIZE 
SEIZE 
SEIZE 
SEIZE 
SEIZE 
ASSIGN 
ASSIGN 
ASSIGN 
ASSIGN 
ASSIGN 
QUEUE 

3 
1 0 1 1 1 2 1 3 1 1 + 9 9 9 9 9 1 + 2 3 * 9 

ALL 9 0 1 0 0 1 0 1 1 0 2 1 0 3 
10k 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 5 
1 1 9 
1 1 9 
1 2 0 

9h 

1 0 0 1 0 1 1 0 2 1 0 3 
10k 1 1 0 1 1 5 1 1 6 
1 1 9 

INTERRUPT 
INTERRUPT 
RELEASE 

K10 
Kll 
K12 K13 
Kll+ 

BOTH 1 1 6 * 6 * 6 

The model of the COMMCEN is complete now to the point of simulating both 

the actions of man and machine and, as described, requires both to oper

ate. The simulation is now ready to run during the production phase of 

the project. 

A generalized flow chart of the model is shown in Figure 8. This 

is in actuality a skeleton of the model before the manpower modules were 

added. To integrate the man element into this flow chart, each facility 

in Figure 10 is altered (as described in the preceding paragraph) by the 

addition of the manpower series of blocks. This alteration is shown in 

Figure 1 1 for a typical facility. The additional complexity of the mo

del caused by the man factor is readily apparent. A basic assumption 

about this addition of man (and the forthcoming "manpower" modules) was 

that each man in the COMMCEN possessed the same skill or operational 

ability. The men then were interchangeable. 

A fully detailed flow chart was produced by a call on the FLOW 

feature of GPSS-2. Although not included in this report proper, this 

detailed flow was carefully checked by the primary programmer and others 



Figure 10. The Basic Model 
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Figure 11. Effect of the Man Factor upon a Facility 



in order to find instances of either circular reasoning or possible 

"loops" in coding. None were so noted. 

All of the preceding discussion was based upon operation of the 

simulation for a single day. The ORIGINATE blocks, for both send and 

receive traffic, are based upon only one 2k hour run. Furthermore, as 

described at the beginning of the run, all queue lengths would be zero 

with no transactions (messages) in progress; therefore, all men and 

machines would be available. This condition normally only exists in 

the actual COMMCEN on Monday morning. It occurs then because no low 

precedence traffic is initiated over the weekend and few messages are 

received. This slack period gives all of the queues time to empty, and 

the facilities are often idle during the weekend period. The problem 

faced by the modeler was, then, not to show just the Monday operation 

but rather the operation for the entire week. 

The solution to this problem was found by adding complexity to 

the model. ORIGINATE blocks were added in order to introduce messages 

to the system for an entire week. This was accomplished on both send 

and receive activity by adjustment of the times of origination to ex

pand operation to the seven day span. Tuesday activity began at clock 

time 1 9 2 1 (absolute), Wednesday at 3 3 6 l , etc. 
To collect message handling statistics for each day of the week, 

START and RESET run cards were employed with one day intervals repre

sented by 1 ^ 0 minute run periods. The model, as so described, now 

begins operation on Monday and runs through midnight of that night. 

Statistics for Monday are displayed and Tuesday statistics are begun. 

Transactions in queues at the end of the day or those currently in pro-
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cess are carried over into the next day's s tat is t ics and the entire 

week is run. A sample of the START and RESET series is shown below. 

START i k h O MONDAY 
RESET 
START i k k O TUESDAY 
RESET 
START lUUO WEDNESDAY 
etc. 

Once these changes were introduced, the model was ready for test runs. 

A complete compilation of this f ina l version of the COMMCEN model is 

included in Appendix A for consolidated reference. 

Ver i f icat ion of the Model 

Once the model was operational and capable of production runs 

under different message length assignments, precedence distr ibutions, 

message batch arr iva ls , and manning considerations, these items were 

then varied to insure that the model acted in the same manner as did 

the actual L i t t l e Rock COMMCEN under similar circumstances. Without a 

complete discussion of a l l the tests rendered, i t is suff icient to state 

that the model reacted to the changed stimuli as does the LRAFB COMMCEN 

in actual practice. Longer message length resulted in longer transac

t ion times and greater in-stat ion handling time. Increasing the number 

of high precedence messages caused longer in-stat ion times, even though 

the high precedence messages passed through the system without additional 

delay. 

These tests ver i f ied both the precedence assignments (PRIORITY 

blocks) as well as the protypical actions of the INTERRUPT blocks. 

During test runs, selected transactions were followed through the model 

and in each instance the transaction followed the predetermined path, 
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performing as predicted. Following this series of tests, the model was 

declared operational and production of data was begun under various man

power load factors. To produce the varying manpower loading, a unique 

method of modularity was built into the model. This feature and its use 

is discussed in the next section. 

Manpower Modules 

The programmer who wrote the computer simulation (the author) was 

familiar enough with its construction to vary the manpower considerations 

by simply rewriting those blocks which represented men. Once other per

sonnel, such as communications school staff members, assume the duties 

of running the program, such ease of change will be missing. The ap

parent need wa.s a series of modules (decks of punched cards) which could 

be added to the main body of the program and which could be changed by 

someone totally unfamiliar with the operation of GPSS-2 and of the inter

nal structure of the model. 

Several systems were considered and implementation attempted. The 

final selection was an indexed card file of small decks, which allows the 

manpower to be varied by merely inserting the deck which indicates the 

desired manning strength levels and hours of duty. The insertion loca

tion is well marked on the edge of the cards in the main program, and 

appropriate operating instructions have been written to guide the novice 

user. These instructions are itemized in the portion of this paper deal

ing with operation of the model and will be furnished to the operators 

of the scenerio. 

To facilitate the desired modularity, the maximum number of men 
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(five) were provided with the basic model. The changes to it were then 

made by selectively removing some of the availability. The minimal 

case studied was that of only two men on duty around the clock. For 

security and electrical safety reasons, manning below that point was 

considered to be unsound management. 

It must be remembered that, in the earlier discussion in this 

chapter, men were represented by blocks INTERRUPT 1 0 through INTERRUPT 

lh. To r e m o A r e one of these blocks from accessibility by the main pro

gram, an ORIGINATE block produces a single transaction at the time the 

block is to be removed. A very high PRIORITY (greater than 3, the maxi

mum in the model) is given the transaction, and the desired man (facil

ity) is accessed with a HOLD block. The transaction time through the 

facility is made the same number of minutes the facility is to be lost, 

up to 10080 in the case of a reduction in manning amounting to a total 
of four men. 

In the representations of actual operations, part-time worker em

ployment was also considered. Should a facility (man) go "on duty" then 

"off duty," as would the typical booster operation, the high priority 

disrupting transaction would occupy the facility during hours of "off 

duty" time and be shunted to a "dummy" facility during the period re

presenting the man's duty hours. These dummies are represented, when 

necessary, by facilities 2 0 and 2 1 and are accessed by INTERRUPT blocks. 

Once the duration of the run was surpassed or the necessity ended for 

removing the man, the high priority transaction was sent to a TERMINATE 

block. Samples of full time manpower loss and of part-time loss follow. 
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3 7 0 ORIGINATE 0 1 3 7 1 1 3 7 1 PRIORITY h 3 7 2 3 7 2 HOLD 3 7 3 1 0 0 8 0 3 7 3 TERMINATE 
3 8 0 ORIGINATE 0 1 3 8 1 1 3 8 1 PRIORITY h 3 8 2 3 8 2 HOLD 1 2 3 8 3 9 6 0 MON IDLE 
3 8 3 HOLD 2 0 3 8 4 1 + 8 0 MON DUTY 
3 8 4 HOLD 1 2 3 8 5 9 6 0 3 8 5 HOLD 2 0 to 3 9 2 3 9 2 HOLD 1 2 3 9 3 2 8 8 0 WEEKEND 

3 9 3 TERMINATE 

The module method of changing the manpower requirements proved 

so successful in varying the operating conditions that the same method 

was used to represent a lunch break for the day shif t personnel during 

the week. The booster personnel were assumed to have eaten prior to 

reporting for duty. Two hours lunch for one man was modeled rather than 

one hour for two men because of the ease of programming. The net result 

is the same, that i s , loss of two man-hours from 1 1 0 0 to 1 3 0 0 dai ly . In 

the following sample of the lunch routine, a man is represented by HOLD 

1 0 and f a c i l i t y 2 2 is a "dummy" used during duty periods for man number 

1 0 . 
6 0 1 ORIGINATE 6 6 0 1 6 0 2 1 6 0 2 PRIORITY k 6 0 3 6 0 3 HOLD 1 0 6oh 1 2 0 MON LUNCH 
6oh HOLD 2 2 6 0 5 1 3 2 0 6 0 5 HOLD 1 0 to 6 1 1 1 2 0 TUE LUNCH 
6 1 1 HOLD 1 0 6 1 2 1 2 0 FRI 
6 1 2 TERMINATE 

Security 

The Communications Center simulation by computer is destined to 

be run in an academic or "game" type of environment even though the mo

del w i l l not be run as a game i t s e l f . Past experience with industr ia l 

or business games has established the desi rabi l i ty of several sets of 
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input information ( 2 6 ) . Such information should, be provided, to insure 

one group of students does not merely "pass-on" information to the next 

but rather that each class learns by data analysis and decision making. 

This idea was extended beyond the mere mixing of input functional va l 

ues, the or ig inal solution to this problem. 

The method presently employed in the teaching sessions and con

tained in the model "package" is discussed next. Four sets of data, 

a l l similar to the basic set (ORIGINATE blocks 1 0 through 2 0 , 5 0 0 through 

5 ^ 5 ) yet containing some differences, are available to the instructor. 

Message Center Registers (AF Form 1 0 2 2 ) have been developed to coincide 

with each set of these data. The Communications school issues a set of 

Message Center documents to the class and insures that the cards appro

priate for those documents are inserted in the computer deck prior to 

i t s running. 

The insertion is accomplished by placing a module group of cards 

into the marked location in the main program in the same way that changes 

are made to the manpower elements of the program. A set of cards is 

provided to model the message arrivals at the COMMCEN during winter duty 

hours (normal day 0 8 0 0 - 1 7 0 0 ) or summer duty hours ( 0 7 0 0 - 1 6 0 0 ) . Another 

set of each (set "b") is furnished with s l ight ly different arr iva l rates. 

The same sort of deck, set "a" or set "b" w i l l be used for an entire 

class cycle. Another set of ORIGINATE cards w i l l be selected for use by 

the following class to prevent overexposure of any particular set of 

data. 

Set "a" was presented ear l ier in this thesis as the message 

ORIGINATE blocks (representing outgoing messages) which trigger the re-
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sponse of the model. An example of set "b" is shown below for contrast and to point out the basic similarities and operational differences in these sets of punched cards. The Message Center Registers that coincide with these arrival distributions are shown in Appendix B. 

10 ORIGINATE 1+81 5 30 1 11 ORIGINATE 10 30 1 12 ORIGINATE 6oi 25 30 1 13 ORIGINATE 66l 20 30 1 Ik ORIGINATE 721 10 30 1 15 ORIGINATE 781 30 30 1 16 ORIGINATE 81+1 10 30 1 17 ORIGINATE 901 25 30 1 18 ORIGINATE 961 10 30 1 19 ORIGINATE 1021 10 30 1 20 ORIGINATE 1081 10 30 1 It was not the objective of this thesis to model a COMMCEN for analytical purposes. At this point, however, it should be noted that this model could be used for COMMCEN analysis with regard to both manpower and equipment requirements. The modularity of the working model gives it a flexibility that is highly desirable to the investigator of message handling delays. Other Communication Centers could be easily simulated by coding and inserting their message arrival data into this model and the resultant outputs then analyzed for whatever special purpose the investigator had in mind. Future studies would concern themselves solely with the results of data runs since the analogies and representations required for COMMCEN simulations have now been established. Work of this type, that is, the analysis for its own sake, is not considered in this work (as noted earlier) but would be of special interest to the Communications staff at the Training Center. Their particular areas of interest would be in simulations with regard to standardization, 



staf f ing, and in-house operations problems. 

Once the security modules were complete and tested for opera

t i o n a l l y , the model would be cer t i f ied as completely operational and 

data runs could be conducted to model the COMMCEN operation. 
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CHAPTER VI 

RESULTS OF TEST RUNS 

Model Sensitivity 

In his article on the nature of simulation, Dalkey (l6) states 

precisely the central theme of this chapter. 

It should be reiterated that a simulation is only a 
part of the over-all system analysis. Usually, simula
tion "will be concerned with the effectiveness computation. 
The simulation model needs to be supplemented with an 
evaluation, technique. This last is usually referred to as 
"analysis of results," but a great deal more is involved 
than mere tabulation. 

Dalkey further states that analyzing the voluminous information gener

ated is normally a major task. These observations became especially 

apparent in this simulation. 

Prior to a run of the model to furnish output information for 

analysis, the computer simulation was run for the purpose of studying 

just how sensitive the representation was to varying stimulation. To 

observe this phenomenon, message ORIGINATE blocks were varied to repre

sent from 1 5 5 -Low precedence messages, in increments of 1 0 , up to 1 8 5 

of them. The variations took place during the same "week's" run with 

all other factors in the model being held constant. The effect of vari

ous manpower availabilities was examined under the loading just described. 

Preceding a discussion of the various manpower configurations, a 

definition of terms relating to manpower should be presented since this 

terminology will continue in use throughout the remainder of this work. 
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To the experienced communications officer, this review will be "old hat," 

but to someone encountering these terms for the first time, the various 

concepts can become confusing. 

Rotating Shifts~-An arrangement of manpower resources for facili

ties that must be manned 2h hours per day. Since each man must have 

some off-duty time, the "normal" rotation is nine days or duty, three 

days off, where the duty days are arranged so that each man works three 

days of each tour of duty (i.e., three days 0 8 0 0 - 1 7 0 0 , three days 1 7 0 0 -
2k00, three d&ys 2 ^ 0 0 - 0 8 0 0 , then three days off). The nine-on three-off 

schedule is not absolute, but the concept of rotating shifts of some sort 

is the standard practice. 

Balanced Shifts--Rotating shifts where each shift has the same 

number of men and no men report for duty at odd hours. 

Booster Shifts--Those shifts which augment the regular shift. 

The booster may be one or more men that come in at regular or odd duty 

hours. 

Unbalanced Shifts--Those shifts which are not balanced, that is, 

those which use booster personnel. 

Under manpower conditions of rotating two-man shifts, the model 

remained saturated, at times experiencing queue length (messages wait

ing for a man to become available to handle them) as high as 123 mes

sages. Message handling times remained continually in excess of those 

desired and, in several cases, over 5 0 percent of the messages handled 

exceeded the six hour handling time goal. The results of this activity 

are not tabulated as two-man shifts under normal message arrival condi

tions will be presented later in this chapter. 
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Of particular interest under the variable load (arrivals) stimu

lation was the operation, under rotating three-man shifts, the tradi

tional manning for the Little Rock AFB COMMCEN. When the lower level 

of message arrivals was tested in the model under this manning, 90 per

cent were processed in less than four hours. An increase of 10 messages 

did not change this percentage from the four hour handling time, but an 

increase of still another 1 0 (to 1 7 5 ) raised the 9 0 percent processed 

mark to six hours. Another increase of 1 0 to 1 8 5 messages so saturated 

the system that seven hours or more were required to process 12 percent 

of the traffic. Clearly then under three-man shifts, the saturation 

point was 1 7 0 messages and beyond that the delays increased at a very 

rapid rate. Table 2 , which follows, illustrates the situation just 

discussed. 

The rapid increase of handling time, when message load was in

creased, was apparent under manning configurations of four- and five-man 

rotating shifts although due to surplus manpower no excessive delays 

were experienced. The point has been made; therefore, no further tabu

lation of these data will be made although they are available should 

inquiry into this aspect of the simulation be desired. One further re

mark on loading will suffice to point out the sensitivity thus described. 

When, under four-man shifts, message load was increased by 2 0 , from 1 5 5 

to 1 7 5 > the 9 0 percent point in handling was increased from under two to 

over four hours, truly prototypical of man. Once he (man) has reached 

his operational limitation in a given situation, his efficiency falls 

off at a rapid rate. Time after time the author has observed men, work

ing at near capacity, raise their error rate and decrease production. 
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Table 2. In-station Delay, Low Precedence, Outgoing Messages 

Full-time Three-man Rotating Shifts 
Hrs In- Monday Tuesday Wednesday Thursday Friday 
station 

1 33 30 38 39 33 2 37 kl kl 53 Ik 

3 kl 30 3^ 26 21 

k 3k 17 28 32 13 
5 10 13 18 0 10 6 0 22 1 0 62 
7 0 20 1 0 32 

+ 7 0 0 0 0 0 Totals 155 175 165 160 I85 
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Background for Test Runs 

In this project, the information to be subjected to analysis was 

collected by exercising the model under several situations which repre

sented different manpower configurations. Had bottlenecks appeared 

during these runs which were caused due to a shortage of equipment, ad

ditional equipment blocks and configurations would have been investigated. 

No such constraints were apparent during the runs; therefore, no equip

ment changes were studied. The variations in manpower produced ample 

evidence to direct attention to that area for improvement. A discussion 

of the production runs of the model is contained in the remainder of 

this chapter. 

Balanced Shifts 

The first set of runs was made under the US Air Force standard 

balanced shift guidelines; that is, rotating shifts with the same number 

of men per shift. The assumption is also made that the standard nine-

days-on-duty three-days-off, rotating three days at a time, will be en

forced throughout any given operational period under study. This as

sumption is not as constraining as it might first seem since other 

shifts, such as eight-days-on two-off, would apply equally well as long 

as the manning remains constant for the period under study. The model 

is valid for other duty hours too, such as rotating twelve-hour shifts. 

The net result in all these changes is not the model whose operation 

remains representative, but rather the total number of men that the 

particular data run represents. The same run under eight-hour-duty 

hours (the standard for Communications Centers in the United States) as 

run for 12 men available, would represent a COMMCEN in a combat zone, 
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working twelve-hour shifts with a net manpower availability of nine men. 

The results would be valid for each as long as the two communications 

centers under study were physically the same with regard to equipment. 

Since the data runs at hand were to represent a typical base within the 

United States, data production runs were made using models and manpower 

modules for four five-man shifts, four four-man shifts, four three-man 

shifts, and four two-man shifts. The output information from these data 

runs was edited and is presented graphically in Figure 12. 

Under the Speed of Service Criteria specified in the Defense Com

munication Agency (DCA) Circular 70-4, two manpower distributions pro

duced message handling times within allowable limits (17)• These manning 

assignments were the four four-man and four five-man shifts which repre

sent a total of 16 and 20 men, respectively. Could fewer men do the same 

job if unbalanced shifts were established? If they could, the result 

would be a saving in manpower and would point out an optimum, near opti

mum, or one of several near optimum distributions of men. 

Unbalanced Shifts 

To find an answer (if there were one) to the above question of 

optimum shift manning, shift configurations were investigated which some

what balanced the manpower to the workload. A constraint of no less 

than two men on duty on any given shift was imposed for the twin reasons 

of security and safety. Several manning distributions with one booster 

were studied. Data runs were conducted with the basic two-man rotating 

shift and a single booster reporting for duty at the times indicated in 

Table 3« 



Figure 12. Manpower Effect, Balanced Shifts 
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Table 3 « Booster Hours for Two-man Shift 
with One Booster Data Pain 

Run Number Booster Hours 

1 1 0 0 0 - 1 8 0 0 
2 1 1 0 0 - 1 9 0 0 

oo 1 2 0 0 - 2 0 0 0 
h 1 3 0 0 - 2 1 0 0 
5 1 ^ 0 0 - 2 2 0 0 
6 1 5 0 0 - 2 3 0 0 
7 1 6 0 0 - 2 1 + 0 0 

Since rotating three-man shifts were unable to cope with the in

coming message flow to the message center, it was unreasonable to expect 

fewer men to handle it. Some experience with unbalanced shifts was re

quired and some general conclusions were drawn from the analysis of these 

runs. One observation worth reporting shows that, when the backlog was 

allowed to accumulate before the booster man came on duty, the delays 

just got worse even with the extra help. On the other hand, when the 

booster was on duty before the peak load (or saturation point), his as

sistance enabled the men on duty to at least "hold their own" for a 

while before they were overwhelmed by the work load. This effect was, 

then, an overall lessening of delay under these conditions. Since all 

runs illustrate very excessive delay, no graphical presentation of this 

information is deemed necessary. The data runs are available should 
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another investigator become interested in this phase (operation under 

saturation conditions). 

The next manpower configuration studied was that of three-man 

rotating shifts and one booster at various hours. The reasoning behind 

this study was, if three men could "almost" handle the traffic load 

(the balanced shift case) what help would one more man be to them if 

available at the necessary time? Data runs were made as before with 

the basic three-man shift around the clock and a single booster present 

for duty at the hours indicated in Table k . 

Table k . Booster Hours for Three-man Shift 
with One Booster Data Run 

Run Number Booster Hours 

1 1 0 0 0 - 1 8 0 0 
2 1 1 0 0 - 1 9 0 0 

on 1 2 0 0 - 2 0 0 0 
k 1 3 0 0 - 2 1 0 0 
5 1 ^ 0 0 - 2 2 0 0 
6 1 5 0 0 - 2 3 0 0 
7 1 6 0 0 - 2 4 0 0 

All of the manpower assignments where three men plus a booster 

were tested produced message handling data within the desired limits. 

No messages took over six hours to clear the COMMCEN no matter how it 
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Table 5 - Outgoing Low '. Precedence Message Handling Times 

Three • -man Shifts, One Booster 
Run Number Number of Messages Handled (in hours) 

1 2 3 h 5 6 + 6 
1 5 7 5 6 2 8 1 9 1 0 5 0 

CM 5 7 5 1 3 0 2 0 1 2 6 0 

UJ
 3 5 5 6 hi 1 6 1 1 + 6 0 

h 2 9 3 8 5 3 2 9 2 0 3 0 
5 2 9 3 1 h3 3 0 3 4 3 0 
6 3 3 3 2 5 2 3 0 2 0 5 0 
7 3 7 3 6 3 2 3 3 2 7 7 0 

The "best" results in message handling time were obtained from 

runs 1 , 2 , 3 , and 1 + . A graphical comparison of these runs is made in 

Figure 1 3 . These results further substantiate the author's contention 

that, when the booster shift is present for duty ahead of the high traf

fic volume, better in-station handling times (lower overall) are achieved 

than when the booster arrives with a full day's work stacked up for him. 

was manned. Output from the week's run was edited to yield "average" 

handling times over that period for each configuration. Table 5> which 

follows, is a composite of average message handling times for the sys

tem cited. The run number column coincides with the run number and 

booster hours listed in Table h . 



Number 
of 

Messages 

(Total = 
1 7 5 Messages) 

Legend: 
Booster Hours 

~o- 1 0 0 0 - 1 8 0 0 
1 1 0 0 - 1 9 0 0 
1 2 0 0 - 2 0 0 0 
1 3 0 0 - 2 1 0 0 

six hour 
maximum 

1 2 3 h 5 b 
In-station Handling Time (in Hours) 

Figure 1 3 . Manpower Effect, Three-man Shifts Plus One Booster 
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To decide what constituted "best" results, mentioned in the pre

ceding paragraph, message handling times for the first three hours of 

handling time were studied. The first three runs (booster beginning 

duty at 1 0 0 0 , 1 1 0 0 , and 1 2 0 0 ) were substantially the same; therefore, 

the first two hours were examined, then only the first hour. The order 

of effectiveness of manpower allocation was clearly established when a 

total of 1 3 men was available to the COMMCEN. Three men, full-time, 

with a booster from 1 0 0 0 - 1 8 0 0 was declared to be the optimum manpower 
distribution. 

How could cases be handled where 1 3 men were not available and 

eight-hour-duty tours were still desirable? Could fewer men handle the 

load if the booster idea were extended to another plain? The next set 

of exercises of the model was conducted to examine these questions. 

The basic two-man, eight-hour rotating shift was again employed, this 

time with two boosters. To find the optimum scheduling, all combina

tions of two men plus two boosters were run on the computer. The runs 

made, and subsequently studied, are listed in Table 6. As with previous 

data runs, the output for those in this table was edited and examined. 

Average handling times for the week's run under the particular configu

ration were calculated and average message handling times for the vari

ous runs were collected. This collection appears in Table 7 « 

Analysis from the data runs listed in Table 7 indicated only two 

manpower configurations that kept message handling time within the six 

hour limit imposed by the guidelines cited earlier. Those two runs were 

made under manpower distributions of two rotating shifts and two boosters, 

a total of 1 0 men. The booster shifts were 1 0 0 0 - 1 8 0 0 and 1 3 0 0 - 2 1 0 0 for 



Table 6 . Booster Hours for Two-man Shift 
with Two Booster Data Runs 

Run Number Booster Hours 
Man # 1 1 Man # 1 3 

1 1 0 0 0 - 1 8 0 0 1 0 0 0 - 1 8 0 0 2 " IIOO-I9OO 3 " 1 2 0 0 - 2 0 0 0 
h 11 1 3 0 0 - 2 1 0 0 5 " 1 4 0 0 - 2 2 0 0 6 " 1 5 0 0 - 2 3 0 0 7 " 1 6 0 0 - 2 4 0 0 8 1 1 0 0 - 1 9 0 0 1 1 0 0 - 1 9 0 0 9 " 1 2 0 0 - 2 0 0 0 1 0 " 1 3 0 0 - 2 1 0 0 1 1 " 1 4 0 0 - 2 2 0 0 1 2 " 1 5 0 0 - 2 3 0 0 1 3 " 1 6 0 0 - 2 4 0 0 1 4 1 2 0 0 - 2 0 0 0 1 2 0 0 - 2 0 0 0 1 5 11 1 3 0 0 - 2 1 0 0 1 6 " 1 4 0 0 - 2 2 0 0 1 7 " 1 5 0 0 - 2 3 0 0 1 8 " 1 6 0 0 - 2 4 0 0 1 9 1 3 0 0 - 2 1 0 0 1 3 0 0 - 2 1 0 0 2 0 " 1 4 0 0 - 2 2 0 0 2 1 " 1 5 0 0 - 2 3 0 0 2 2 " 1 6 0 0 - 2 4 0 0 2 3 1 4 0 0 - 2 2 0 0 1 4 0 0 - 2 2 0 0 2 4 " 1 5 0 0 - 2 3 0 0 2 5 " 1 6 0 0 - 2 4 0 0 2 6 1 5 0 0 - 2 3 0 0 1 5 0 0 - 2 3 0 0 2 7 " 1 6 0 0 - 2 4 0 0 2 8 1 6 0 0 - 2 4 0 0 1 6 0 0 - 2 4 0 0 
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Table "J. Outgoing Low Precedence Message Handling Times 

Two-man Shifts, Two Boosters 
Run Number Number of Messages Handled (in hours) 

1 2 3 -p- 5 6 + 6 
1 6 3 5 5 1 7 ll+ 1 6 1+ 7 
2 

1+0 5 8 2 6 2 1 1 6 1+ 9 3 1+1+ 5 9 3 0 1 9 1 2 5 6 
k 3 2 k7 3 8 2 1 2 6 1 2 0 5 3 0 

1+1 1+0 1 8 3 2 1 2 1 6 3 3 3 8 
1+1 2 0 2 7 1 2 3 7 3 3 3 9 3 1 + 1 5 3 1 2 0 3 CO 3 3 5 5 3 3 1 9 2 2 1+ 9 9 2 8 5 2 3k 2 0 2 6 1 0 1 1 0 2 7 3 9 1+1+ 2 5 2 2 1 2 1+ 1 1 2 7 3k 

1+6 2 7 2 9 1 0 2 1 2 2 7 3 0 
1+1 2 1 + 3 5 1 6 2 1 3 2 7 2 3 3 5 3 1 3 9 ll+ 0 

ik 2 6 2 9 5 3 1 9 3 2 1 6 1 1 5 2 7 1 7 5 0 3 2 2 2 2 3 1 1 6 2 1 + 1 0 k3 2 9 3 3 2 7 8 1 7 2 7 1 1 5 0 3 0 2 9 2 3 5 1 8 2 6 1 2 k7 3 2 2 9 2 1 + 7 1 9 2 5 8 3 9 3 6 2 8 3 5 5 2 0 2 1 + 1 0 3 7 3 7 
1+1 2 5 3 2 1 2 6 5 2 9 3 6 3 8 3 6 k 

2 2 2 3 9 3k 3 2 3 2 3 1 Ik 

2 3 2 8 6 3 0 
1+1 3 7 3 0 3 

2k 2 6 6 1 1 + 
1+0 3 7 

1+0 1 2 2 5 2 5 6 1 5 3 7 3 8 3 6 1 9 2 6 2 3 7 1 1 + 
1+0 3 3 

1+7 1 1 2 7 2 5 7 1 2 3 6 3 6 
1+5 1 3 2 8 2 7 5 9 2 7 2 5 
1+1 1+1+ 
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the optimum schedule, and 1 1 0 0 - 1 9 0 0 and 1 6 0 0 - 2 4 0 0 for the second best 
handling. Criteria for "best" handling times were: no messages over 

six hours in-station delay and, once this first test is passed, the re

sults of the shift with the fewest messages handled in the three to six 

hour delay period were cited as the superior arrangement. 

Three other shifts deserve comment as well. They are the shifts 

with boosters 1 1 0 0 - 1 9 0 0 and 1 2 0 0 - 2 0 0 0 , 1 0 0 0 - 1 8 0 0 and 1 ^ 0 0 - 2 2 0 0 , and 
1 2 0 0 - 2 0 0 0 and 1 3 0 0 - 2 1 0 0 . A study of the handling times for these shifts 

indicates that they are close to the optimum shift but not within the 

prescribed limits. The tendency of so many "good" configurations in 

those hours (those shifts in which men reported for duty around the 

middle of the day) led the author to believe this time was the key. The 

question was, if only one more man could be added to a shift, if he could 

be used in conjunction with some of these near best shifts, and further

more if he could report for duty at the lunch hour ( 1 1 0 0 ) , could dra
matic changes take place in the handling times that have just been 

listed? 

The answer was found in the results of the next set of tests. 

The five best sets of runs, just discussed, were bolstered by still 

another man and the runs listed in Table 8 were made on the computer. 

Results of these runs were scrutinized in the same manner as all earlier 

data runs. The in-station handling time was now distributed as shown 

in Table 9 . 

The effect of the one extra man was immediately obvious. Runs 

which were taking four hours to clear 65 percent of their messages were 

now processing this volume within two hours. Occasional long messages 
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Table 8 . Booster Hours for Data Run Where 1 1 Men Are Available 

Run Number Booster Hours 
Man # 1 2 Man # 1 3 Man # 1 4 

1 1 0 0 0 - 1 8 0 0 1 3 0 0 - 2 1 0 0 1 1 0 0 - 1 9 0 0 
2 1 1 0 0 - 1 9 0 0 1 6 0 0 - 2 4 0 0 1 1 0 0 - 1 9 0 0 
3 1 1 0 0 - 1 9 0 0 1 2 0 0 - 2 0 0 0 1 1 0 0 - 1 9 0 0 
4 1 0 0 0 - 1 8 0 0 1 4 0 0 - 2 2 0 0 1 1 0 0 - 1 9 0 0 
5 1 2 0 0 - 2 0 0 0 1 3 0 0 - 2 1 0 0 1 1 0 0 - 1 9 0 0 

Table 9 * Outgoing Low Precedence Message Handling Times 

Two-man Shifts, Three Boosters 
Run Number Number of Messages Handled (in hours) 

1 2 on 4 5 OA + 6 
1 5 3 8 2 2 2 5 1 1 4 0 
2 3h 7 2 3 3 1 3 1 2 9 0 cn 3h 7 8 3 7 1 5 7 5 0 
4 4 2 6 9 3 2 1 1 1 5 4 0 
5 2 6 h5 48 2 8 2 6 2 0 
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caused some excessive delay (still within the DCA criteria), but over 

9 0 percent of the messages were handled within four hours. The increase 

in system effectiveness points out dramatically the value of the right 

man available at the right time. It is interesting to note that the 

ranking of the five shifts did not change with the addition of a booster. 

The author felt that, with some of the congestion removed earlier in the 

day, the shift with the later booster might advance in rank. Instead, 

the same general trends prevailed, which further validated the axion 

"Make the boosters available when the work load is received and you 

achieve the best operations." 

The integration of these concepts and field test results into a 

training program was the next concern. The application and presentation 

of these methods and ideas were as important as the actual tests and 

experiments themselves. Chapter VII discusses this phase of the project. 
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CHAPTER VII 

USE OF THE SIMULATION 

Course Contents 

The background and environment for the model, the analogies used 

in i ts design, and the results of test runs have a l l been presented. 

It is now time to move forward and discuss the contents and workings of 

the course of instruction. 

On the last class day of the COMMCEN operations block of t ra in

ing, the students w i l l be given an outline of the simulation exercise. 

This outline w i l l take the form of the standard Student Study Guide 

(SSG). The SSG is divided into separate parts, as presented in this 

portion of the thesis, but the complete guide is extracted from the 

separate parts and assembled into a package. The SSG is divided into 

one hour lectures each with an X prefix (for experimental) and each with 

i t s own identifying number. Each lecture description in the SSG con

tains three parts: the reading assignment, optional reading, and an 

outline of the lecture i t s e l f . The remainder of this chapter describes 

the lectures, the operation of the computer package, a test run of the 

course, and f ina l ly implementation of the simulation into the overal l 

Communications Officer course. Extracts from the proposed SSG are now 

discussed. 
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XOOOl: Introduction to Simulation 

You will: 

1 . Discuss areas to be covered. 

2. Discuss historical development of simulation and training by-

simulation. 

3 . Discuss reasons for training by use of simulation techniques. 

h. Define various terms in the field of simulation. 

5. List four classes of simulation and give an example in each. 
READING ASSIGNMENT: Computer Simulation Techniques, Naylor, et al., 

pp. 1 - 2 0 ( 3 5 ) j "System Simulation--A Fundamental Tool for Industrial 

Engineering," Malcolm, D. G., Simulations in Social Science, pp. 1 3 8 -

0PTI0NAL READING: "Simulation of Economic Systems," Orcutt, G. C , Simu

lations in Social Science, pp. 9 ^ - 1 0 3 ( 3 6 ) ; Systems and Simulation, 
Chorafas, Dimitris N., pp. 1 - 4 - 5 , ( 3 ) ; "Use of Computer Simula
tions in Logistics Management Training," Ameen, David A., AD 6 2 3 2 3 3 ^ 

US Dept. of Defense Logistics Conference, Vol. I I - 9 « 
The above lecture gives the student an introduction to the general 

field of simulation. Terminology and definitions are presented as is 

the history of the field and of applications in the training area. The 

required reading discusses more than 1 5 answers to "why simulate." A 

system of classification of models is presented that enables the student 

to classify various types of simulations. 

X0002: Introduction to Simulation Games 

1 5 0 ( 3 0 ) . 

You will: 

1 . Discuss the history and theory of simulation games. 
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2 . Discuss differences between zero-sum and nonzero-sum games. 

3 . Discuss some of the uses for games. 

k . Discuss some of the abuses of games. 

READING ASSIGNMENT. "Game Theory," Nagin, et al., Data Processing Di-

gest, March 1 9 6 6 , pp. 2 - 1 2 ( 3 3 ) ; "Management Games: An Answer to Cri

tics, " Nanus, Burt, The Journal of Industrial Engineering, Nov-Dec 1 9 6 2 , 

pp. U 6 7 - i + 6 9 (3h). 
OPTIONAL READING: Theory of Games and Economic Behavior, Von Neuman 

and Morgenstern, pp. 1-lk, k6-kQ (46). 
This lecture and discussion ties the fields of gaming and simula

tion together and further extends the student's available terminology 

by establishing definitions in Game Theory. Pitfalls in gaming are 

pointed out as areas to avoid in game design as are some current abusive 

practices. By clearly defining and illustrating uses and excesses in 

the field of gaming, the instructor will give his students some insight 

into the planning and design of the game in which they are to partici

pate. 

X 0 0 Q 3 : Introduction to GPSS 

You will: 

1 . Discuss several computer simulation languages. 

2 . Discuss the block type concept. 

3 . Discuss transaction properties. 

k . Discuss specific block types. 

5 . Discuss program output. 

6 . Trace transactions through a simple sample problem. 

READING ASSIGNMENT: Computer Simulation Techniques, Naylor, et al., pp. 
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2 3 9 - 2 4 2 , 2 4 8 - 2 7 8 ( 3 5 ) ; UP 4 l 2 9 , General Purpose Systems Simulator, UNIVAC, 
Sections 1 and 2 (20). 

OPTIONAL READING: "Computer Simulation: Discussion of the Technique 

and Comparison of Languages," Teichroew, Daniel, Communications of the 

ACM, Vol. 9 , Issue # 1 0 , Oct 1 9 6 6 , pp. 7 2 3 - 7 ^ 2 ( 4 3 ) ; "A Users Experience 
with Three Simulation Languages," Young, Karen, System Development Corp. 

TM - 1 7 5 5 / O O O / O O ( 4 7 ) ; "Review of Simulation Languages," Tocher, K. D., 

Operational Research Quarterly, XVI, June 1 9 6 5 ( 4 - 3 ) ° 
This portion of the program introduces the student to the simula

tion language in which the program is written, in order to facilitate 

his reading of the run output and compilation sheet. Suggestions for 

course (or computer program) improvement should originate during this 

phase and be formally stated and written up at the end of the exercise. X0004: Description of the Environment--Little Rock AFB 

You will: 

1 . Discuss the support mission of the base communications center. 

2 . Review operations of AUTODIN, TWX, and WUX equipment. 

3 « Review the tapecutter and message center desk activities. 

4 . Discuss physical layout of LRAFB COMMCEN. 

5 . Trace message flow through the COMMCEN. 

READING ASSIGNMENT: ST X0004. ST on COMMCEN Operations. 

OPTIONAL READING: UP 4 l 2 9 , General Purpose Systems Simulator, UNIVAC, 
Section 3 ( 2 0 ) . 

The preceding presentation gives the student a feel for the ar

tificial environment in which he will be gaming. At the same time, he 
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is introduced to an actual operational US Air Force communications fa

cility, an experience that will be very valuable to him when he en

counters his first duty in the field. The reading assignment, ST XOOO^, 

is a student text which has been extracted from Chapter IV of this 

thesis. Following the exposure to both the simulation and the COMMCEN 

settings, the student should be ready for the next step, a discussion 

of the model itself. 

XOQOj?: Description of the Model 

You will: 

1. Develop a flow chart of COMMCEN operations in terms of GPSS 

symbols. 

2. Discuss the addition of the man element in regard to the 

basic model developed in part 1 . 

3 » Discuss the characteristics, capabilities, and limitations 

of input information. 

k. Discuss the characteristics, capabilities, and limitations 

of output information. 

5« Explain procedures for extending the run of the model from 

a one-day to a one-week simulation. 

READING ASSIGNMENT: ST X 0 0 0 5 , Model Description; UP ̂ 1 2 9 , Section 3 -
OPTIONAL READING: Computer Simulation Techniques, Naylor, et al., pp. 

2 3 - ^ 3 ( 3 5 ) . 
In this brief exposure to the model, the student will see how 

the program developer envisioned the model under which the "game" will 

be conducted. While no special insight (for the solution of various 

problems later given the students) is given, an understanding of the 
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manner in which the designer modeled the environment is provided, which 

is an asset when the student is analyzing his own runs and sorting 

through the various analogies and representations. ST X0005 is the 

Chapter V portion of this thesis and will meet the necessity, at the 

student level,, for documentation of the model's workings. X0006: Analysis of Message Handling at LRAFB 

You will: 

1. Discuss message flow rate (arrivals at the COMMCEN) at the 

Little Rock facility. 

2. Discuss information contained in AF Form 1022. 

3 . Discuss criteria for communications center effectiveness in 

processing outgoing messages. 

k. Extract data on in-station message handling time from logs. 

READING ASSIGNMENT: CED 100-21, as extracted. 
OPTIONAL READING: Systems and Simulation, Chorafas, D. M., pp. 1 8 - 2 6 

(10). 
Once this particular session is complete, the student will have 

at his disposal the ability to analyze message center logs for informa

tion concerning message arrivals at the COMMCEN. He should relate these 

arrivals to work load and thereby derive the key to the problems which 

will be presented in simulation later, i.e., tie the manpower to the 

work load. Secondly, the student will study the message handling logs 

and extract in--station message handling time. This is the criterion by 

which the COMMCEN is judged in effectiveness. Message handling times 

in excess of six hours are unacceptable. Those manning distributions 

which produce times below this maximum delay are compared for "best" 
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results. "Best" results are those distributions which, under the same 

load, produce the most messages with the least delay. 

X0007: Rules of Play During the Simulation 

You will: 

1. Discuss the rules of the forthcoming "play" of the game-

simulation. 

2 . Become familiar with formats for requesting necessary infor

mation. 

3 . Participate in a question and. answer session concerning the 

method of inputs and the posting of duty schedules. 

READING ASSIGNMENT: "Management Games: An Answer to Critics," Nanus, 

Burt (Review this assignment), pp. 2 - 1 2 (3*0; DCA Circular 7 0 - 4 Speed 

of Service Criteria ( 1 7 ) ; ST X0007, Rules of the COMMCEN Simulation. 
The rules of the game are contained in Table 1 0 , which follows. 

These rules establish procedures for submitting schedules and other in

formation, as specified, to the umpire. The format used will provide a 

realism to the "game" that it would not otherwise acquire. Should the 

first few tests indicate "loopholes" in the rules, they will be modified 

accordingly. X0008: First Scheduling Exercise 

You will: 

1. Receive forms necessary to analyze message flow in the COMMCEN. 

2 . Receive manpower availability levels. 

3 . Design and submit shift schedules for COMMCEN manning. 

READING ASSIGNMENT: None. 

The first schedule will give the student ample men to handle the 
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Table 1 0 . Rules of the COMMCEN Simulation 

1. All men are to work a minimum of eight hours per day. 

2. Duty hours in excess of eight hours (for any given man) will 

require written consent of the commander (the umpire). 

3» Rotating shifts will provide for one shift on "break" at all 

times. 

k. Straight shift personnel will not work on weekends. 

5 . Temporary assistance from personnel outside the COMMCEN (such 

as temporary supervisor assistance) is prohibited. 

6 . Special reports may be requested from umpire (as necessary). 

Request will be in the form of a memo, "instructed my NCOIC of teletype 

operations to furnish me with hourly breakdown of outgoing message ar

rivals at the COMMCEN," or other suitable data requests as necessary. 

7. There will be two men present for duty in the COMMCEN at all 

times for reasons of safety and security. The only exception to this 

rule is during the lunch break ( 1 1 0 0 - 1 3 0 0 ) when the NCOIC may satisfy 
the second man requirement. He may not process messages; he is only to 

observe the operations and thus satisfy the two-man requirement. 

8. Shift schedules to be posted will be given to the umpire no 

later than five minutes before the end of the class hour in which they 

are due. The schedules will be of the general form: 
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Table 10. Rules of the COMMCEN Simulation (Concluded) 

Duty Hours Day of the Month 

1 2 3 4 •5 6 7 co
 

9 10 • • 

0800-1600 A A A D D D C C c B B B 

1600-2400 B B B A A A D D D C C C 

2400-0800 C C C B B B A A A D D D 

Break D D D C C C B B B A A A 

A Shift - 3 men B Shift - 3 men 

C Shift - 3 men D Shift - 3 men 

Booster Shift - 1 man at 1300-2100 
Remarks: The remarks section will not be posted on the 

shift bulletin board but will contain informa

tion to the umpire as to why you have selected 

the schedule used. 

Specific justification for exceptional hours 

will appear in this space. 
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message flow regardless of the schedule imposed. Its primary purpose 

is to familiarize the student with the forms and data used. Sixteen 

men will be made available and no problems are expected in traffic con

trol. The instructor will assemble the run decks (as described later 

in this chapter) and produce the necessary data. He will then scan the 

output for glaring errors and will rerun any data suspect of machine 

failure. 

X0009: Analysis of Run #1 
You will: 

1. Examine your output run sheet from the simulated week of 

operation. 

2. Report on excessive delays. 

3 . Discuss ways to improve the message handling. 

READING ASSIGNMENT: None. 

The analysis of the first runs will be accomplished by the stu

dents following a demonstration of a sample run analysis furnished by 

the instructor. Message delays in Table 1 (i.e., Table 1 of the GPSS 

output) in excess of six hours (360 minutes in the format used) should 

be discussed. Facility utilization should be examined to point out any 

"jammed" equipments or manpower modules. Queue tables should be ex

amined to locate bottlenecks in the flow. A diagnosis should be made 

citing whether the reason for delay was a wait for a man or a wait for 

a machine. If extreme blockage of the system is noted, an analysis of 

the transaction count may be necessary. This specialized analysis should 

be performed by an experienced GPSS programmer. Methods of improving 

the service should be introduced. Excessive delay of incoming messages 
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should be discussed by student response of the type: "Excessive incom

ing message delay before messages were ready for delivery. Established 

SOP for speeding incoming message processing." 

X0010: Second Scheduling Exercise 

You will: 

1. Receive new manpower availability levels. 

2 . Design and submit shift schedules for COMMCEN manning based 

upon the cited levels. 

READING ASSIGNMENT: None. 

Drawing from his experience on the first schedule and the data he 

analyzed in its critique, the student should be able to produce a sched

ule near optimum if the manpower level is unchanged. The level of 

manning is reduced from 1 6 to 1 3 men by giving information to the class 

that, effective next Monday (in the simulation), three men will be sent 

TDY to support a South East Asia (SEA) deployment. Duration of TDY is 

9 0 days; therefore, no replacements can be furnished and the organiza

tion will have to cope with the problem from within its own resources. 

Workable solutions include those which utilize the booster shift prin

ciple in their design. The instructor (umpire) will collect the sched

ules and assemble the simulation decks from them as before. 

X0011: Analysis of Run # 2 

You will: 

1. Examine your run sheet from the simulated week of operation. 

2 . Report on any excessive delays. 

3 . Discuss ways to improve the message handling. 

READING ASSIGNMENT: None. 
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Should any student have missed the necessity for booster or un

balanced shifts, the reduction in manning to 13 men will point this out 

to him. If he has merely extracted his three TDY men from the rotating 

shifts, he will encounter excessive delays in the in-station handling 

time that are output in the last run. Several booster shifts will be 

shown to the student with a description of their effectiveness and, 

finally, an optimum schedule presented for the 1 3 man level. 

X0012: Third Scheduling Exercise 

You will: 

1. Receive new manpower availability levels. 

2 . Design and submit shift schedules for COMMCEN manning based 

upon these levels. 

READING ASSIGNMENT: None. 

Manpower levels are now reduced to 1 0 men by furnishing the stu

dents with the following information: "One airman was killed in an 

automobile accident over the weekend. His replacement forecast is 6 0 

days. One more TDY to SEA, no replacement available." The ingenuity 

of the students should be taxed to the utmost in the search for a shift 

that will handle the work load under these extreme conditions. Only 

two booster configurations will remain within the in-station delay al

lowances. Some students will try the twelve-hour shifts plus boosters. 

This action will be allowed only when fully justified and when the 

calendar period of twelve-hour shift operations is specified. As before, 

the umpire will collect the schedules and set up the computer runs. 
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X Q 0 1 3 : Analysis of Run # 3 
You will: 

1 . Examine your run output from the simulated week's operation. 

2 . Report on excessive delays. 

3 . Discuss ways to improve the message handling. 

READING ASSIGNMENT: None. 

The results which the student will receive will probably not con

tain satisfactory handling times as only two of the 2 8 combinations of 

men under the limits of 10 men available were able to produce this end. 

Any student who, with proper justification, went to twelve-hour shifts, 

should have achieved success. These two points will be contrasted and 

discussed. Sample runs will be exhibited to show this effect. 

X 0 0 l 4 : Critique of Simulation Training 

You will: 

1. Write a critique of the entire simulation exercise, the ad

ministration, and the staff. 

2. Point out areas where the model is incomplete. 

3 . Describe improvements to the course work and/or reading 

assignments. 

READING ASSIGNMENT: None. 

These unsigned critiques will be screened by the staff conducting 

the simulation training for possible suggestions for course revisions. 

Ideas with special merit, rule changes, or presentation of material will 

be changed as deemed practical and necessary. 
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How to Operate the Model as Packaged The punched card deck for running the model on the computer is stored in an empty box in which cards were received from the manufacturer. The box is compartmentalized and indexed in the following manner. One section of the box contains the master run deck. Another section contains all the message originate modules which vary the outgoing message rate. This section is indexed into the classes cited earlier in this report: winter duty hours set A, winter duty hours set B, summer duty hours set A, and finally summer duty hours set B. Section three of the file contains all of the various manpower modules. These modules are duplicated for men numbers 11 and 13 (for multiple booster running) and are indexed so that any mixture of facilities can be withdrawn immediately for use. Figure Ik shows the makeup of the master file and illustrates its portability. To prepare the "run-time" deck, the following sequence of steps is performed. The master deck is withdrawn from the file. Next, a set of message originate cards (which coincide with the AF Form 1022 issued to the student) is extracted from the file. At the location marked by the tab index card labeled "originate cards," the message originate card module is inserted and the tab card withheld from the deck. The manpower modules which coincide with the student-specified schedule are next extracted from the master file and placed in the run-deck in the location marked by the tab card marked "manning modules." This tab card is also retained for later use. The program running deck is now assembled and ready to be input to the card reader. This final assembly is shown in Figure 1 5 . 



Figure l h . Master File 
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Figure 1 5 . Program Running Deck 
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Once the run is complete and the deck and output returned to the 

instructor, the deck is "broken down" by reversing the building process. 

The modules are located in the running deck between the colored-ink 

bands on the master deck. They are withdrawn, refiled in the file box, 

and the tab cards inserted into the master deck. Then it is returned 

to the master file box and the package is stored until required for sub

sequent use. 

How well does this program, as written and presented, work? Does 

it actually give the student an understanding about scheduling and COMM

CEN operations? These questions and others will be answered in the next 

section, when conducting an actual test and training session are dis

cussed. 

A Test of the Training 

The first problem to be resolved in a test of this training and 

game-simulation was upon whom would the program be tested? A test of 

the course was extremely desirable no matter how limited this test might 

be. To find someone who would be "typical," while a simple matter in 

the field or at the USAF Technical Training Center, was a difficult 

problem in the university environment. One could not use students at 

random, no matter how many volunteered, as they were simply not typi

cal of USAF officers undergoing training at the communications school. 

Neither could other USAF officer students be used, although some were 

available, since they had all been active in the field and an exercise 

of this type to a trained communicator would be trivial and the results 

of no value. 
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Fortunately, one officer studying at the Georgia Institute of 

Technology (as a USAF contract student) possessed the necessary requi

sites. The officer in question was an Air Force second lieutenant, an 

AFIT student, studying for his master of science degree from the school 

of Information Science. His background (as an enlisted man in the USAF) 

was in weather operations; therefore, he was familiar with teletype 

equipment, its description, and how it operated (as would be a student 

at the communications school), but he had never actually worked in a 

COMMCEN or with the equipment itself. Again, the parallel to the commu

nications school had been found. Furthermore, and perhaps most impor

tant, the officer in question was willing to undergo the training and 

participate in the game-simulation. The arrangements were now set for 

the test of the course work and accompanying simulation exercise. 

In preparation for the training, student manuals were manufac

tured by making a xerox copy of appropriate chapters of this thesis. 

Rules of the game were also duplicated. Other required literature was 

withdrawn from the Price Gilbert Memorial Library at Georgia Tech and 

given to the volunteer student. A complete copy of the student manual 

was furnished to him. Lectures, lessons, and critiques were presented 

in the order and method discussed in the earlier portion of this chapter. 

The first lecture sessions to be presented to the student (or to 

a class) are primarily background and familiarization lessons. For 

this reason, during this stage of training, the emphasis is placed on 

the reading assignments with comprehensive question and answer sessions 

following the instructor's review of the required reading. The rela

tionship developed in the one-man test of the course contents was more 
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of a pupil-teacher or tutoring one than that of a formal class, although 

the instructor only answered questions (as would be done in a regular 

class session) following the lecture portion of the presentation. 

When all introductory material had been presented, the model 

discussed, and the environment firmly engrained in the student's mind, 

the first problem was given to him. He was told he was the newly as

signed Officer-in-Charge (OIC) in an operational COMMCEN and that the 

recent arrival of several teletype operators necessitated a revised 

schedule for the teletype operations section. AF Forms 1 0 2 2 , which con

tained traffic handling data typical for the COMMCEN operation, were 

furnished. The student had already been shown how to analyze these 

forms; he was told to post (turn in) a new schedule for teletype opera

tions by the end of the class hour. He was informed that 16 men were 

available for COMMCEN operations. 

In response to the request for a new schedule, the student 

generated a shift revision which used the 1 6 available men on a four 

men per shift, four rotating shifts schedule. His reasons for develop

ing this particular schedule centered around the flexibility of any 

given shift. No matter what local conditions arose (training, leave, 

etc.), the COMMCEN would have, on the average, most of its men available. 

The nine-on-three-off schedule is typical for USAF shift workers and 

every attempt would be made to adhere to this scheduling. 

The deck for running the model based upon this schedule was 

assembled by the student in order to point out its ease of use, although 

the instructor could not have taken this action in a regular classroom. 

The results of the computer run were furnished to the student and an 
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analysis^, of the type presented earlier in this paper, was conducted. 

The schedule and manpower distributions (behaving as the author had 

predicted) were able to handle all messages within the six hours allowed. 

Special emphasis was given to the Friday traffic flow which showed the 

system becoming extended. 

Following the Student Manual presentation by outline, the next 

task given the mock-student was that of reduced manning. The instructor 

told him "you have been ordered to deploy three of your teletype opera

tors to support a SEA support activity. Duration of this TDY is 90 days. 

No replacements are available. Design and publish a shift schedule 

effective Monday morning." The revised schedule was due by the end of 

that class period. Under these conditions, the student manager chose 

an alteration of the basic schedule. He removed one man from each of 

the four rotating shifts. Three of these four men were used to support 

the TDY. The fourth man was assigned as a booster with duty hours 1 0 0 0 -

1 8 0 0 five days per week* The idea of a boosted operation was familiar 

to the trainee as he had spent some time on shift work (in the weather 

station) where this type of augmented duty also occurred. The computer 

decks were again assembled and the run made. Analysis of the output of 

this run revealed that the results achieved were very near those pre

dicted earlier in the discussion concerning three-man shifts with a 

single booster. The student was shown a slightly better arrangement 

for the booster, 1 1 0 0 - 1 9 0 0 instead of 1 0 0 0 - 1 8 0 0 ; however, the results 
of the run as made were entirely satisfactory. All messages passed 

through the COMMCEN within the established limits. Early in the week 

when traffic was light, the bulk of the messages ( 9 0 percent) was pro-
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cessed in four hours or less. Near the end of the week (Friday), the 

number of messages in the five to six hour category increased sharply. 

It was noted that the model using the 13 men on a shift schedule which 

followed the message arrival schedule was able to handle the same volume 

(in the same time) as the l6 man arrangement. The only significant dif

ference was in the amount of idle time on the schedule with more men. 

To test the program's limitations and the student's ability and 

progress with scheduling, the next problem posed was the one discussed 

in X0012: "One airman in your section was killed in an automobile ac

cident over the weekend. His replacement forecast is 6 0 days. One de

parted on 30 day emergency leave. One more TDY to SEA was levied with 

no replacement available. Your strength in teletype operations is now 

10 men.11 If he were to achieve any stimulation from extreme conditions, 

this manpower availability would provide it and tax the student to the 

utmost. The ability of the student to handle this problem would indi

cate some measure of the effectiveness of the course. 

The resultant shift schedule was quite surprising. The author 

had expected either a variation of the straight shift with boosters or 

a well justified twelve-hour shift schedule. Instead, the student sub

mitted a schedule which placed three men on day shift, three men on 

swing shift, two men on midnight shift and a booster from 1200-2000. 

The booster worked a five day week (because his hours were peak load, 

he was allowed, more time off), and the other eight men worked a six 

day week. Their days off were provided, on a rotating basis, by the 

tenth man or by taking one of the weekend days off (when only two men 

were required for duty). 
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Since this schedule was completely unexpected, some difficulties 

might be expected in programming it for the computer. The flexibility 

of the module manpower system reaffirmed itself, however, and no diffi

culties were experienced. The only change in the setup for the master 

deck was to create a manpower routine which "removed" availability, from 

the three-men-on-all-shifts configuration, of a single man during the 

midnight shift. This then, once programmed, represented the 3 - 3 - 2 ar

rangement of men for the straight shifts and the standard booster rou

tine was inserted into the program for the 1 2 0 0 - 2 0 0 0 shift. 
The results of this ingenuity were gratifying. The program was 

run and the output analyzed as before. All messages had an in-station 

handling time of less than six hours and were, therefore, within accept

able limits. The traffic handling during lighter load periods (i.e., 

early in the week) was exceptionally good, with all outgoing messages 

handled in under four hours. These results were all achieved with only 

1 0 men available. It was felt that morale would remain relatively high, 

since all personnel were still working only eight hours per day and each 

man was off at least one day each week. Occasionally (every third week), 

two days off would be scheduled. 

Since it would be explained to the men that the manning was at 

this level only temporarily and since the hardship was in direct sup

port of the effort in Viet Nam, a degradation of spirit was not expected. 

The key to successful operation would be in fully and carefully explain

ing the situation to the airmen. 

During all of the computer runs of the simulation in this student-

scheduled portion of the simulation, it was noted that at no time were 
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any high precedence messages delayed in the system. An in-station 

handling time of 30 minutes or less was achieved on all outgoing mes

sages of this type with the mean at the 10 minute handling time level. 

Nor were delays accepted on incoming traffic in order to process the 

outgoing flow. In short, the COMMCEN simulation did follow the proto

type. 

Following the final analysis of the student schedules, the 

trainee was shown the optimum schedules for 1 0 and 1 1 men. The advis

ability of discarding the standard eight hour rotating shifts in favor 

of those which match the manpower to the work load was also pointed out. 

This tactic, when implemented by the student in the final run, produced 

such favorable results that it was decided to stress this feature and 

this method in both a course summary and in future course presentations. 

Following this final talk, the student officer was asked to critique 

the course and discuss points which he felt might be discarded as well 

as those worthy of retention. His comments appear below. 

The time and effort required for this course was reasonable 
and worthwhile. The most notable characteristic of the course 
is the emphatic way it points out the relationship between man
power and work load. The fact that work scheduling should be 
viewed as a factor of work load is often overlooked in applica
tion. No small fringe benefit of the course is the exposure of 
the student to the concepts and literature of simulation, but 
more important is the opportunity it offers the student to use 
simulation as a management tool and to gauge its power. 

These comments demonstrated the success of the course to the author and 

proved that it did, indeed, achieve his original aims and intentions. 

With this test of the training completed, the next topic to be discussed 

is that of the course implementation at the USAF technical school. 
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Implementation at the Communications School 

At the Keesler AFB Communications Training Center, two courses 

are conducted for Air Force officers to give them the skills necessary 

to manage communications facilities. The first is the basic Communica

tions Officer Course ( 3 0 3 1 ) * This course, directed at the junior of

ficer, teaches the student something of the many communication devices 

and facilities in use by the U.S. Air Force. Maintenance and management 

of resources are other phases of this training. An introduction to data 

processing is also included, as are various navigational aids (both 

operations and maintenance), as well as the operation and use of certain 

security devices. 

The second course of interest for possible implementation of the 

suggested training program is the Staff Communications Officer Course 

( 3 0 1 1 ) . The purpose of this course is to take the trained Communications 

Officer at the operational level and convert him to a staff officer whose 

area of expertise is communications. The emphasis in the staff level 

course is on an increased awareness of the "system" and overall role of 

communications. The student level is more concerned with planning and 

long range goals than day-to-day operations of facilities. Duty assign

ments following this instruction are apt to include more headquarters 

type duty and less of field operations. 

To realize its full potential, the proposed course of instruction 

(including the "game-simulation" exercise) should be incorporated into 

the basic Communications Officer Course ( 3 0 3 1 ) • At this level, the 

training will produce the desired result, i.e., create some operations 

experience for the novice communications officer. Using this program 
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in the staff course ( 3 0 1 l ) would pose few operational problems to these 
experienced officers though it would validate or reenforce their know

ledge by allowing them to employ experience, gained in the field, on the 

model. Far greater savings can be realized by using this block with the 

3 0 3 1 course. 

Some pitfalls must be avoided when actually implementing the 

course. Nanus cites the following as the most flagrant of abuses of 

simulations and training games ( 3 4 - ) . 
1 . Using games strictly for entertainment of public without 

clearly warning the participants that the training value of a game, 

which is not part of a larger, carefully planned educational context, 

will be very small. Much of the criticism levied against games has come 

from participants who had unhappy experiences in one or two carelessly 

run exercises. 

2. Using a "game" for a course before its parameters have been 

thoroughly tested. Too many games used today can be "beaten" by un

reasonable strategies. 

3 . Designing a "game" before its objectives have been clearly 

defined. This was a particularly common problem in the early days of 

game design, but even now games are being built by mathematicians and 

operations research specialists with insufficient guidance by educa

tors. The result is games which are more "sophisticated" than necessary 

or too difficult to handle administratively. 

k. Permitting a "game" to be used before complete documentation 

of its model and computer program is available. 

The author believes that enough attention was given to the model 
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design for criticisms 2 , 3 , and h not to be raised against this program 

of instruction. The school staff at Keesler AFB must guard against the 

first abuse. As the program is implemented into the 3 0 3 1 course, a pro

ject officer should monitor carefully the initial introductions of 

course material to the students. Feedback of student attitudes and ex

periences in the course critiques should indicate areas in which either 

the lecture, the model, or the analysis is weak. The critique of the 

course is mandatory. Although the students' papers need not be signed, 

an entire hour is devoted to the critique since it is deemed very im

portant. Careful analysis of class comments and attitudes should reduce 

occurrences of the first cited abuse. 

The actual establishment of this course will depend upon two 

things. First, the "fit" of this program into the overall training; a 

determination which will be made when the school staff analyzes this 

thesis and establishes a time-table for its integration into the 3 0 3 1 

course. The second item concerning implementation is the availability 

of a computer upon which MAPGPSS may be compiled or translated. At 

present, Keesler AFB does not have a compiler or translator for GPSS 

for any computer on base. Two IMIVAC 1 1 0 8 computers are available at 

Slidel, Louisiana, kO miles west of Keesler. These computers are used 

in support of project Mariner. Since they are basically the same com

puter as the Georgia Tech UNIVAC 1 1 0 8 and are operating under the same 

executive system, the addition of a MAPGPSS compiler (or the software 

translator of that language) to one of these computers would be a minor 

problem. Until suitable arrangements can be made to bring GPSS to 

Keesler AFB, a working arrangement can be established with the project 
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Mariner group to support temporarily the requirements of Keesler. 

These arrangements and the necessary coordination should be handled by 

the project officer assigned as monitor. The project should have a 

monitor (of implementation) assigned in the early phases just as it 

later needs the one cited for student feedback. 

To implement the course, if the Slidel computers are to be used, 

it is suggested that remote input/output programs could be used; a remote 

unit could be located in a convenient staff office at Keesler AFB. The 

main program could be stored on disc or tape; the only messages from the 

remote unit that would be necessary would be ones to specify the desired 

message originate module and manpower requirements. This remote installa

tion and implementation would be a simple conversion of the executive 

system of the UNIVAC 1 1 . 0 8 , once G P S S was available to that machine. 

This method of implementation might some day be extended to include the 

G R A I L / G P S S system in which inputs would be drawn on a console/reader with 

a light pencil. 

An alternate solution to the problem of implementation would be 

not to run the student's schedule "live." Instead, his proposed sched

ule would be collected by the instructor and the coincidental computer 

run taken from the available master file of computer runs already made. 

At present, there are k-T runs available under the winter A set of data, 

and a library of runs for winter B, summer A, and summer B could be de

veloped in approximately two weeks. Given preferential handling on the 

computer, this time could be reduced even further. Therefore, the only 

runs that would be made at Slidel or elsewhere would be those employing 

"abnormal" combinations of booster hours or those needed to replace 
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sheets that were physically worn out. Computer access of one or two 

days a month should suffice for this method of course implementation. 

The final determination in these matters must be made at Keesler 

AFB, in the working environment, by the people who will be using the 

course. It is entirely possible that some major changes will take place 

in the whole program if the school staff modifies the course of the 

"game-simulation." Student feedback may disclose a new issue which 

must be resolved locally. A conclusion to this idea is beyond the scope 

of this thesis, but the issue is worthy of mention in order to create an 

awareness of its existence. 

A final few words concerning course implementation are in order. 

The issue to be discussed is that of developing actual lesson plans for 

each of the lectures that is to be presented. The course outline con

tains general guidelines and ample references; however, the lesson plans 

themselves must emanate from the actual instructors who are to present 

the material. Familiarity with the contents of the course gained from 

this procedure is invaluable. This method of deriving lesson plans is 

a standard one in the Air Training Command and has proven most success

ful many times. 

Once the course and "game-simulation" is merged into the 3031 

program, the aim of this thesis is complete; all that remains is to sum 

up these writings with some general conclusions and recommendations for 

the program and its future. 
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CHAPTER VIII 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Several points concerning the "game-simulation" method of training 

became apparent to the people involved in this program. This portion 

of the thesis will be used to collect, sort, and summarize some of these 

thoughts. 

In a business or war game, the outcome is shown in the form of 

"which side has won." In "game-simulation," the investigator is inter

ested in answers to more specific problems, such as the effects of vari

ous tactical policies or the feasibility of a proposed system of modi

fications to an existing system ( 1 9 ) , which has certainly been the case 

in the COMMCEN exercise. Whether the student "won" by finding the opti

mum shifts or "lost" because he had excessive delays is of little impor

tance. The relevant question is "What did the student learn from the 

"game-simulation"? If he achieved a new insight into resource manage

ment, an ability to analyze, a feel for scheduling, and a taste of what 

"real-world" communications management mean, then the exercise is an 

unqualified success. 

The author believes that the course designed during this thesis 

work truly achieves the above ends. Although it is virtually impossible, 

especially at this level, to measure the effectiveness or success of a 

training program, it is the personal opinion of this officer that the 
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"game-simulation," the model itself, and the course work, all yield the 

desired benefits. The objectives cited earlier in this paper have been 

met. When the training program is implemented, the result should be a 

more comprehensive overall communications course. Therefore, a more 

versatile communications officer should emerge, one equipped with the 

ability to handle any of the various scheduling situations which might 

arise, because he has been confronted with similar circumstances while 

receiving training. 

The author is not alone in this belief. The officer (mock-student) 

who participated in the test of this training made several revealing com

ments in his critique in support of the program. As an independent, 

outside voice, this trainee also stated his support for the contents of 

the program and cited its potential value. 

Another school of thought would argue with the "its not whether 

you won or lost but how you played the game" doctrine. Those who defend 

this other point of view declare that, since the students will be pro

ducing the same general type of output, someone will compare that out

put. That is, someone in the Technical Training School will match the 

results of two student outputs and say that one student is the "better" 

communications officer because he had a more successful set of results 

with his schedules. Is this a fair procedure? Only the school staff 

in the school environment can say. The author has presented his case 

more for a single dedicated man in an isolated case. Perhaps it would 

be better to compare results when "mass" training is involved. These 

questions will not be answered here; instead the author's opinions, 

already given, appear. However, such questions should at least be 
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raised. The final decision on this issue must rest with the course ad

ministrator not with the designer or programmer. 

Still another topic worth discussion, especially for those per

sons who will do future works of the "game-simulation" type, is a summary 

of the phases through which this project was stepped. During the design 

phase, the objectives of the exercise were set, the policies and organi

zational structures of the simulated system were set down, and the ex

perimental design was chosen. During the modeling phase, the environment 

in which the simulated system will operate (i.e., the important parts of 

the system which will not be represented in detail but will be simulated 

by a computer) was defined, the necessary data collection was accomplished, 

and the detailed description of each of the organizations and their inter

actions was set down. Computer programs were prepared, the forms to be 

used in the exercise were drawn up, and all necessary rules for the 

operation of the system were described. These latter tasks of preparing 

computer programs, forms, rules, and the data collection have been found 

to be by far the most time consuming of all. The "mock-up" or testing 

phase of the program is a running of the simulation model for the pur

pose of making the final adjustments and changes to the system that were 

not foreseen during the modeling phase. The operations phase is the 

actual running of the experiment, with students under "gaming" conditions. 

The final phase is the analysis of the results (of the learning experi

ence) by a careful survey of the student critiques that were prepared in 

the last hour of the exercise. It is this final phase which, to a large 

degree, indicates the difference between the "game" and a "game-simulation." 

The above steps may be summarized in the following manner: 
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1. design phase 

2. modeling phase 

3- testing phase 

k. operations phase 

5« analysis phase. 

When this outline is compared to those of other games, simula

tions, and "game-simulation" developments, the resemblance is remark

able. The comparison of the above phases to those of "classic" simula

tions of Bonini, Stockton, Chorafas, and others leads this author to 

conclude that a method of procedure for system simulation design has 

been described for any system. The extension of these principles to 

other areas beyond that of communications is inescapable, and the same 

plan of game development should apply for any system and its game-

simulation. 

One conclusion reached by this observer was directed toward the 

boundaries of the problem itself. Many of the basic principles (i.e., 

in-station handling time is related to station efficiency) are directed 

by current Communications Electronics doctrine. A problem apparently 

lies, not in the difficulty of modeling the situation as it exists, but 

rather in the doctrine and the rules it establishes. Rather than a 

static precedence system, Baran (h) advocates one based upon "utility" 

of message contents. The discussion around this theory is contained 

in the material cited, but it appears to the author that the entire 

precedence doctrine should be studied in depth with these ideas in mind. 

The course developed under this thesis, however, was built to conform 

with existing guidelines and regulations and so the issue of dynamic 
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precedence will be pursued no further. The limitations on this work and 

on the author were such that a study-in-depth could not be accomplished 

in the time available. 

Recommendations 

Before any specific recommendations are stated concerning this 

course or about simulation (or "game-simulation") techniques, some back

ground comments are in order concerning these topics. General agreement 

on claims about training involving use of simulation models or management 

gaming is found in the following areas {3k)-

1. A "game-simulation" training program can provide a degree of 

involvement of participants in the learning situation which exceeds that 

usually attained by other teaching techniques in the field of management 

and this, according to current learning theory concepts, is desirable. 

2 . "Games" can be used to demonstrate principles of management 

relating to the interaction of decision areas over time better than 

static techniques such as lecture or case study. 

3 « Properly designed and administered "games" can provide extremely 

effective demonstrations of the application of certain time related man

agement tools such as budgets, forecasts, or scheduling, and the capa

bilities of electronic computers in rapid data analysis and report 

preparation is invaluable. 

k. "Games" are useful as simulated task situations for certain 

types of organizational research relating to communications, leadership, 

group structure, decision making, and related concepts. 

5- The process of building a "game" often provides useful in-
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sights into the relationships existing in the system being simulated. 

Some limitations must also be kept in mind when using these tech

niques. The most obvious of these is cost. "Games" should not be used 

if some other training technique can satisfy the need with less expense. 

It is the author's belief that the program developed in this study is 

the most economical method of presenting this utilization of resources 

training. One should not forget the value of the time of the partici

pants, since they are middle or higher executives. If this training 

can substantially reduce the on-the-job-training time for communication 

center managers, then the expenditure of large sums of money to support 

it can be justified. Only through a validation of training and training 

effectiveness., by use of testing, can the worth of this program be judged. 

If this training package is implemented, a test of the effectiveness of 

the training should be designed and conducted by the Communications 

Training Staff. Such a test is beyond the resources of the author, but 

he feels that this training program, training by "game-simulation," should 

be judged in relation to other available teaching techniques and mea

sured by the same standards. Only in this way can the cost (or value) 

in dollars, of this program or any program, be measured. 

Once the recommended implementation is complete, it is further 

recommended that the computer program be enlarged and refined to include 

circuit' outages. This modification can be introduced by creating an 

outage module which removes the circuit facility instead of the manpower 

facility, as was done in the manning module section of the program. 

This outage module would remove the facility which represents the cir

cuits by "forcing" a high precedence, dummy transaction into the facility 
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to be lost. Once the period of outage is past, the dummy transaction 

can be terminated. The module could be programmed as follows. 

6 1 5 ORIGINATE XXX 1 6 l 6 1 
6 1 6 PRIORITY 6 6 1 7 
6 1 7 HOLD YYY 6 l 8 ZZZ 

6 1 8 TERMINATE 

In the sample above, XXX is the time the outage is to occur, YYY 

is the number of the circuit (or piece of equipment) simulating outage, 

and ZZZ is the duration of the outage. X, Y, and Z could be indirectly 

specified to come "on" and go "off" according to some function, if an 

outage function can be described from live data. This problem should 

present no challenge to the experienced GPSS programmer once the data 

are available,. Since outages cannot be predicted (other than on-line 

scheduled maintenance) by the manager of the prototypical Communications 

Center, the same conditions must exist within the confines of the course. 

The student cannot be expected to alter his manpower to cope with an out

age situation, but this introduction of realism into the problem would 

give him an example of "the best laid plans of mice and men . . . ." 

type of realism. 

A logical extension in the degree of sophistication of the com

puter model would be in the introduction of variation into the message 

arrivals at the COMMCEN. One of the assumptions basic to the present 

model is that messages arrive at the. COMMCEN on the hour during the work

ing day. This precision, even if it exists at Little Rock due to the 

proximity of the headquarters building, is doubtful throughout the Air 

Force. To establish a more meaningful system, one of arrivals near the 

schedule yet not exactly on the hour, would be of little challenge to 
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the qualified. GPSS programmer. The ORIGINATE block representing message 

arrivals can be "turned on" at intervals distributed around the hour 

with each "on" time selected by a "draw" from a random number generator. 

Still a third area worth considering when the model is to be 

further extended toward the "real-life" situation is presented. An as

sumption basic to the model was that all men are interchangeable, that 

is, they all have the same skills and abilities. Even though this is 

basically true, some differences exist in these men. One teletype 

operator's typing speed might be the kO words per minute used in the 

model, the next would type 2 0 words per minute or even 6 0 words per 

minute. A version of the program which utilizes "skill" as a parameter 

would be another step toward the prototype COMMCEN. 

These next logical steps toward realism are recommended once the 

overall program has been successfully implemented and has satisfied the 

school staff at Keesler Training Center. There is a pitfall that must 

not be overlooked when programming these refinements, however. As the 

computer program becomes more realistic, the "game" becomes harder to 

play and even more difficult to administer. The modeler is creating a 

laboratory simulation for study, stimulation, and analysis but only by 

sacrificing some of the ability for play of the game. The aim to ob

tain ease of play and administration must be retained, and the programmer 

or other researcher must be certain of the implications of his actions 

when he refines and re-refines the basic model. 

One of the limitations of either gaming or game-simulation, re

cognized by experts in the field ( 1 9 ) , is the possibility that the par

ticipants may carry away from the training session incorrect of unwar-
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ranted conclusions. For example, the instructor in this course would 

not want his students to conclude that, because in this particular model 

manpower should be spread evenly, it is ALWAYS best to do so. Nor 

would he want his class to ALWAYS sacrifice the fast message handling 

times at the expense of only a few delayed messages merely because they 

"won" the game by doing so. On the other hand, the instructor WOULD 

want them to retain the methods of analysis they used in reaching these 

conclusions. Other limitations have been advanced and are well docu

mented elsewhere ( 3 5 ) « 

In summary then, the author recommends that the implementation 

of this course of instruction and the accompanying "game-simulation" be 

accomplished in the environment for which it was designed. This imple

mentation should be followed by an in-depth effectiveness test of the 

program and a value decision should be made, at that point in time, as 

to whether or not this aspect of training should be retained. It is 

felt that the program will prove its worth and that this decision will 

be in favor of its retention in the training arsenal of the United 

States Air Force Air Training Command. 
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APPENDICES 



APPENDIX A 

SAMPLE COMPILATION LISTING AND OUTPUT 

NAME X Y z SEL NBA NBB MEAN MOD REMARKS 

JOB 

1 FUNCTION RN1 D3 DISCRETE RANDOM HIGH PRECEDENCE ASSIGNED 
. 9 5 1 . 9 9 8 2 1 . 0 3 2 FUNCTION RN1 D3 DISCRETE RANDOM MESSAGE ROUTING ASSIGNED 
. 8 0 . 9 1 1 . 0 2 3 FUNCTION RN1 Dk DISCRETE RANDOM INCOMING MSG PREC ASGD 
. 7 5 0 . 9 5 1 . 9 9 8 2 1 . 0 3 
k FUNCTION RN1 CIO CONTINUOUS MESSAGE LENGTH 
0 2 0 .k 1 0 0 . 6 2 0 0 . 8 3 0 0 . 9 1 + 0 0 . 9 8 5 0 0 - 9 9 6 0 0 . 9 9 5 7 0 0 . 9 9 8 8 0 0 1 . 0 1 0 0 0 5 FUNCTION RN1 C5 CONTINUOUS MESSAGE LENGTH HIGH PREC 
0 2 0 . 6 3 0 . 8 1 0 0 . 9 2 0 0 . 9 5 2 5 0 1 TABLE Ml 0 6 0 8 TIME LOW PREC IN SYSTEM (OUTGOING) 2 TABLE Ml 0 6 0 8 TIME INCOMING MSG IN SYSTEM 3 TABLE Ml 0 5 1 0 TIME HIGH PREC IN SYSTEM (OUTGOING) 

* THIS SET OF ORIGINATE BLOCKS IS SET 'A' WINTER DUTY HOURS. 

* FOLG BLOCKS ARE OUTGOING ROUTINE MSGS DELIVERED ON THE HOUR. 

1 0 ORIGINATE l+8l 1 0 3 0 1 MONDAY 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

1 1 ORIGINATE 5 4 - 1 5 3 0 1 1 2 ORIGINATE 6 0 1 3 0 3 0 1 1 3 ORIGINATE 6 6 1 5 3 0 1 
Ik ORIGINATE 7 2 1 1 5 30 1 1 5 ORIGINATE 7 8 1 3 0 3 0 1 1 6 ORIGINATE ak± 1 5 3 0 1 1 7 ORIGINATE 9 0 1 3 0 3 0 1 1 8 ORIGINATE 9 6 1 5 3 0 1 1 9 ORIGINATE 1 0 2 1 1 0 3 0 I 
2 0 ORIGINATE 1 0 8 1 1 0 3 0 1 
* THIS PORTION OF PROGRAM ORIGINATES LOW PRECEDENCE MESSAGES FOR TUESDAY THROUGH 
* FRIDAY. HIGH PRECEDENCE MESSAGES ARE CONTINUOUS THROUGHOUT THE WEEK. MESSAGES 
* ARE BOTH SEND AND RECEIVE, ALL FACILITIES. 

* SEND TRAFFIC TUESDAY ACTIVITY,LOW PRECEDENCE. 

5 0 0 ORIGINATE 1 9 2 0 1 0 3 0 1 5 0 1 ORIGINATE 1 9 8 0 5 3 0 1 5 0 2 ORIGINATE 2 0 1 0 2 5 3 0 1 5 0 3 ORIGINATE 2 1 0 0 5 3 0 1 5 0 4 ORIGINATE 2 1 6 0 1 5 3 0 1 5 0 5 ORIGINATE 2 2 2 0 2 5 3 0 1 5 0 6 ORIGINATE 2 2 8 0 2 5 3 0 1 5 0 7 ORIGINATE 2 3 ^ 0 3 0 3 0 1 5 0 8 ORIGINATE 2kOO 5 3 0 1 5 0 9 ORIGINATE 2 4 6 0 1 5 3 0 1 5 1 0 ORIGINATE 2 5 2 0 1 0 3 0 1 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

•̂ WEDNESDAY ACTIVITY 

512 ORIGINATE 3360 10 30 1 513 ORIGINATE 4̂20 5 —< ~ i_ 

51*+ ORIGINATE 3̂80 30 30 1 515 ORIGINATE 35̂0 10 30 1 516 ORIGINATE 3600 15 30 1 517 ORIGINATE 3660 25 30 1 518 ORIGINATE 3720 20 30 1 519 ORIGINATE 3780 30 30 1 520 ORIGINATE 3840 5 30 1 521 ORIGINATE 3900 10 30 1 522 ORIGINATE 3960 15 30 1 
THURSDAY ACTIVITY 

523 ORIGINATE 4800 10 30 1 524 ORIGINATE 4860 5 30 1 525 ORIGINATE 4920 25 30 1 526 ORIGINATE 4930 10 30 1 527 ORIGINATE 5040 25 30 1 528 ORIGINATE 5100 25 30 1 529 ORIGINATE 5160 15 30 1 530 ORIGINATE 5220 35 30 1 531 ORIGINATE 5280 5 30 1 532 ORIGINATE 53̂0 10 30 1 533 ORIGINATE 54oo 15 30 1 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

*FRIDAY ACTIVITY 

5 3 5 ORIGINATE 6 2 4 0 1 5 3 0 1 5 3 6 ORIGINATE 6 3 0 0 5 3 0 1 5 3 7 ORIGINATE 6 3 6 0 3 0 3 0 1 5 3 8 ORIGINATE 6 4 2 0 5 3 0 1 5 3 9 ORIGINATE 6 4 8 0 1 5 3 0 1 5 4 0 ORIGINATE 6 5 4 0 3 5 3 0 1 5 U 1 ORIGINATE 6 6 0 0 1 5 3 0 1 5 4 2 ORIGINATE 6 6 6 0 4 0 3 0 1 5 4 3 ORIGINATE 6 7 2 0 5 3 0 1 5 4 4 ORIGINATE 6 7 8 0 1 0 3 0 1 5 U 5 ORIGINATE 684o 1 0 3 0 1 

*THIS BLOCK GENERATES OUTGOING HIGH PRECEDENCE MSGS. 
-* 

2 1 ORIGINATE 0 2 9 6 0 5 0 

*THE FOLG BLOCKS ARE INCOMING MSGS. 
*TWX AND WUX ARRIVE RANDOMLY 
* 

2 2 ORIGINATE 0 3 2 0 6 0 5 0 TWX 
2 3 ORIGINATE 4 8 1 8 3 3 0 1 2 0 6 0 WUX MONDAY 

*AUTODIN MSGS INCOMING 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

2 4 ORIGINATE 0 3 0 3 1 0 6 5 2 5 ORIGINATE 1 8 1 1 4 3 1 0 3 0 1 0 2 6 ORIGINATE 6 0 1 4 o 3 1 0 6 5 2 7 ORIGINATE 8 4 1 4 5 3 1 0 4 on 

2 8 ORIGINATE 1 0 2 1 i 4 o 3 1 0 2 1 

MONDAY 

*HIGH PRECEDENCE ASGMT OUTGOING MSGS 

2 9 3 0 3 1 
PRIORITY 
ASSIGN 
ASSIGN 

FN1 2 4 FN2 
Kl 

3 1 3 2 6 0 0 

^MESSAGE LENGTH ASSIGNED 
* 

6 0 0 ASSIGN 5 F N 5 3 3 
3 2 ASSIGN 5 FN4 3 3 

*TAPE CUTTER TIMES COMPUTED AND PLACED IN PROPER PARAMETER 
•x-
3 3 ASSIGN 6 VI 3k 
1 VARIABLE P 5 / K 4 0 + K 1 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

^-TRANSMISSION TIMES ASSIGNED 

3h ADVANCE BOTH 3 5 3 5 COMPARE 22 E KO 3 7 3 7 ASSIGN 7 V2 kl 
2 VARIABLE P5/K200+K1 
3 6 ADVANCE BOTH 3 8 3 8 COMPARE P2 E Kl ko 
ko ASSIGN 7 V3 i. -, 

3 VARIABLE 
P5/k6o+ki 3 9 ASSIGN 7 V4 4 1 1 + VARIABLE P 5 / K 3 0 + K 1 

3 6 

3 9 

*THIS BEGINS THE MESSAGE CENTER DESK ACTIVITY 

i + 1 QUEUE 1 ALL 1 + 6 
1 + 6 SEIZE 1 0 5 1 
kl SEIZE 1 1 5 2 1 + 8 SEIZE 1 2 5 3 
k9 SEIZE 1 3 5 4 5 0 SEIZE 1 1 + 5 5 5 1 ASSIGN 00 K10 6 0 5 2 ASSIGN 00 Kll 6 0 5 3 ASSIGN 00 K12 6 0 5 4 ASSIGN 00 K 1 3 6 0 5 5 ASSIGN 00 Kll+ 6 0 6 0 QUEUE 2 6 5 
6 5 HOLD 1 7 0 7 0 RELEASE * 8 7 5 7 5 ADVANCE BOTH 8 0 8 0 COMPARE P2 NE K2 8 5 8 1 COMPARE P2 E K2 2 1 0 

5 0 

8 1 

AWAIT MAN 

AWAIT MACHINE 

TO WUX 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

*TO TAPECUTTERS 
-* 

85 QUEUE 90 SEIZE 91 SEIZE 92 SEIZE 93 SEIZE 9^ SEIZE 

100 ASSIGN 101 ASSIGN 102 ASSIGN 103 ASSIGN 104 ASSIGN 110 QUEUE 115 INTERRUPT 116 INTERRUPT 119 
*-

RELEASE 

*-

*T0 CIRCUITS 120 ADVANCE 121 COMPARE 122 COMPARE 130 QUEUE 135 SEIZE 136 SEIZE 137 SEIZE 138 SEIZE 139 SEIZE 

3 ALL 90 94 AWAIT MAN 
1 0 1 0 0 
1 1 1 0 1 
1 2 1 0 2 

13 103 14 104 9 K10 1 1 0 9 Kll 1 1 0 9 K12 1 1 0 9 K 1 3 1 1 0 9 Ki4 1 1 0 
4 BOTH 115 116 AWAIT MACHINE 2 119 * 6 3 119 *6 *9 1 2 0 BOTH 121 122 
P2 E KO 160 TO AUTODIN P2 E Kl 165 TO TWX 
5 ALL 135 139 AWAIT MAN A-D 10 145 11 146 12 147 
13 148 
14 149 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

l 4 5 ASSIGN 1 0 K 1 0 1 5 5 1 4 6 ASSIGN 1 0 Kll 1 5 5 1 4 7 ASSIGN 1 0 K 1 2 1 5 5 1 4 8 ASSIGN 1 0 K 1 3 1 5 5 i 4 9 ASSIGN 1 0 Kl4 1 5 5 1 5 5 QUEUE 6 1 6 0 AWAIT MACHINE 
1 6 0 INTERRUPT 4 1 6 1 * 7 AUTODIN XMIT 
1 6 1 RELEASE * 1 0 2 7 0 GO FILE ROUTE 
1 6 5 QUEUE 7 ALL 1 7 0 1 7 4 AWAIT MAN-TWX 
1 7 0 SEIZE 1 0 1 7 6 1 7 1 SEIZE 1 1 1 7 7 1 7 2 SEIZE 1 2 1 7 8 1 7 3 SEIZE 1 3 1 7 9 1 7 4 SEIZE 1 4 1 8 0 1 7 6 ASSIGN 1 1 K 1 0 1 8 5 1 7 7 ASSIGN 1 1 Kll 1 8 5 1 7 8 ASSIGN 1 1 K 1 2 I 8 5 1 7 9 ASSIGN 1 1 K 1 3 I 8 5 1 8 0 ASSIGN 1 1 Kl4 1 8 5 1 8 5 QUEUE 8 1 9 0 AWAIT MACHINE 
1 9 0 HOLD 5 2 0 0 * 7 TWX 
2 0 0 RELEASE *ll 2 7 0 GO FILE ROUTE 
2 1 0 QUEUE 9 ALL 215 2 1 9 AWAIT MAN-WUX 
2 1 5 SEIZE 1 0 2 2 1 2 1 6 SEIZE 1 1 2 2 2 2 1 7 SEIZE 1 2 2 2 3 2 1 8 SEIZE 1 3 2 2 4 2 1 9 SEIZE 1 4 2 2 5 2 2 1 ASSIGN 1 2 K 1 0 2 3 0 2 2 2 ASSIGN 1 2 Kll 2 3 0 2 2 3 ASSIGN 1 2 K 1 2 2 3 0 2 2 4 ASSIGN 1 2 K 1 3 2 3 0 2 2 5 ASSIGN 1 2 Kl4 2 3 0 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

*T0 MESSAGE CENTER DESK FOR CLEARING OF SEND TRAFFIC 

250 Qu.ti.uE 11 ALL 251 255 AWAIT MAN MCD 

251 SEIZE 10 257 (SEND TRF TO 

252 SEIZE 11 258 BE CLEARED AND 

253 SEIZE 12 259 REC TRF) 

254 SEIZE 13 260 255 SEIZE Ik 261 257 ASSIGN 13 K10 265 258 ASSIGN 13 Kll 265 259 ASSIGN 13 K12 265 260 ASSIGN 13 K 1 3 265 261 ASSIGN 13 Kl4 265 265 QUEUE 12 27k AWAIT DESK 

270 ADVANCE BOTH 271 272 271 COMPARE P3 E KO 335 272 COMPARE P3 NE KO 250 274 HOLD 1 275 1 1 275 RELEASE *13 276 276 ADVANCE BOTH 277 278 277 COMPARE P3 E KO 280 278 COMPARE P3 E Kl 281 279 TABULATE 1 250 280 TERMINATE FILE OUTGOING 

281 TABULATE 2 300 300 TERMINATE DELIVER INCMG 
•tt 

230 QUEUE 10 235 AWAIT MACHINE 
235 HOLD 6 2k0 *7 WUX 
2k0 RELEASE *12 270 GO FILE ROUTE 

http://Qu.ti.uE


SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

*END OF SEND SIMULATION 

*RECEIVE ACTIVITY BELOW 

310 ASSIGN 3 Kl 311 311 PRIORITY FN5 250 320 ASSIGN 2 Kl 321 321 ASSIGN 3 Kl 322 322 ASSIGN 5 FN4 323 323 ASSIGN 7 V3 165 330 ASSIGN 2 K2 331 331 ASSIGN 3 Kl 332 332 ASSIGN 5 FN4 333 333 ASSIGN 7 V4 210 335 ADVANCE BOTH 336 336 COMPARE P4 E KO 279 337 COMPARE p4 NE KO 338 338 TABULATE 3 340 3̂0 PRIORITY 0 250 
337 

A-D 

TWX 

END TWX 
WUX 

END WUX 

*RECEIVE ACTIVITY FOR WUX, 

550 ORIGINATE 1921 8 
551 ORIGINATE 3361 8 
552 ORIGINATE 4801 8 

330 330 330 120 60 120 60 120 60 TUESDAY WED 
THUR 



SAMPLE COMPLIATION LISTING AND OUTPUT (Continued) 

553 ORIGINATE 6240 8 330 120 60 FRI 
"̂ RECEIVE ACTIVITY FOR AUTODIN. 

560 ORIGINATE 1440 30 310 6 5 TUESDAY 

561 ORIGINATE 1620 14 310 30 10 562 ORIGINATE 2040 4o 310 6 5 563 ORIGINATE 2280 h5 310 4 3 564 ORIGINATE 2460 i4o 310 2 1 565 ORIGINATE 2880 30 310 6 5 WEDNESDAY 

566 ORIGINATE 3060 14 310 30 10 567 ORIGINATE 3480 4o 310 6 5 568 ORIGINATE 3720 ̂5 310 4 3 569 ORIGINATE 3900 i4o 310 2 1 570 ORIGINATE 4320 30 310 6 5 THURSDAY 

571 ORIGINATE 4500 14 310 30 10 572 ORIGINATE 4920 4o 310 6 5 573 ORIGINATE 5l60 ̂5 310 4 3 57̂  ORIGINATE 53̂0 i4o 310 2 1 575 ORIGINATE 5760 30 310 6 5 FRIDAY 

576 ORIGINATE 5940 14 310 30 10 577 ORIGINATE 6360 4o 310 6 5 578 ORIGINATE 6400 ̂5 310 4 3 579 ORIGINATE 6580 i4o 310 2 1 580 ORIGINATE 7200 310 60 30 SAT & SUN 

H ro o 



SAMPLE COMPILATION LISTING AND OUTPUT (Continued) 

*THTS ROUTINE SIMULATES LUNCH BREAKS THROUGHOUT THE ENTIRE WORKWEEK. 

601 ORIGINATE 6n0 1 602 ]_ 

602 PRIORITY 4 603 603 HOLD 10 6o4 120 6o4 HOLD 22 605 1320 605 HOLD 10 606 120 606 HOLD 22 607 1320 607 HOLD 10 608 120 608 HOLD 22 609 1320 609 HOLD 10 610 120 610 HOLD 22 611 1320 611 HOLD 10 612 120 612 TERMINATE -* 
-* 
-* 

*THIS ROUTINE BUSIES OUT MAN NR 12. 

455 457 458 
ORIGINATE 
PRIORITY 
HOLD 
TERMINATE 

0 4 12 457 458 

MONDAY LUNCH 

TUESDAY 

WEDNESDAY 

THURSDAY 

FRIDAY 

1 
100080 -* 

*THIS ROUTINE PUTS MAN ON BOOSTER SHIFT FROM 1100 UNTIL I9OO. MAN NR l4, 420 ORIGINATE 0 
421 PRIORITY 4 
423 HOLD 14 
424 HOLD 23 

421 423 424 425 1 
660 
48o 



SAMPLE COMPILATION LISTING AND OUTPUT (Concluded) 

425 HOLD 14 426 960 426 HOLD 23 427 48o 427 HOLD 14 428 960 428 HOLD 23 429 48o 429 HOLD 14 430 960 430 HOLD 23 1+31 48o 1*31 
HOLD 14 432 960 432 HOLD 23 3̂3 48o 1+33 HOLD 14 434 3180 434 TERMINATE 

START 1440 MONDAY 

CLOCK TIME REL l440 ABS l440 



123 
PROGRAM OUTPUT 

FACILITY AVERAGE NUMBER AVERAGE 
NR UTILIZATION ENTRIES TIME/TRANS 

1 .5299 730 1.05 2 .4090 117 5.03 3 .2931 81 5.21 4 .1554 179 1.49 5 .1264 47 3.87 6 .1208 22 7.91 10 -7215 377 2.76 11 .6582 330 2.78 12 1.0000 1 i44o.oo 13 .6181 326 2.73 14 1.0000 146 9.86 22 .4708 l 678.00 23 .3333 l 48o.oo QUEUE MAXIMUM AVERAGE TOTAL ZERO 
NR CONTENTS CONTENTS ENTRIES ENTRIES 

1 82 23.75 212 19 2 2 .00 212 19 3 1 .00 198 146 4 2 .06 198 131 5 1 .00 179 179 6 2 .02 179 158 7 8 1.78 47 29 CO 2 .02 47 29 9 4 .94 22 10 10 l .00 22 9 n 5 .37 517 312 12 4 .45 517 184 TABLE NUMBER 1 ENTRIES IN TABLE MEAN ARGUMENT 

185 193.714 UPPER OBSERVED PERCENT CUMULATIVE 
LIMIT FREQUENCY OF TOTAL PERCENTAGE 

0 0 .00 .0 6o 36 19.46 19.5 120 17 9.19 28.6 180 33 17-84 46.5 10 5.4l 51.9 300 61 32.97 84.9 360 27 14.59 99.5 OVERFLOW 1 • 54 100.0 



124 
PROGRAM OUTPUT (Concluded) 

TABLE NUMBER 2 

ENTRIES IN TABLE MEAN ARGUMENT 305 l6.3o% 
UPPER OBSERVED PERCENT CUMULATIVE 
LIMIT FREQUENCY OF TOTAL PERCENTAGE 0 17 5-57 5.6 60 265 86.89 92.5 120 7 2.30 94.8 180 7 2.35 97.0 240 2 .66 97.7 300 6 1.97 99.7 360 1 .33 100.0 
REMAINING FREQUENCIES ARE ALL ZERO 

TABLE NUMBER 3 

ENTRIES IN TABLE MEAN ARGUMENT 27 7.111 
UPPER OBSERVED PERCENT CUMULATIVE 
LIMIT FREQUENCY OF TOTAL PERCENTAGE 

0 0 .00 .0 5 12 44.44 44.4 10 10 37.04 81.5 
15 4 14.81 96.3 
20 1 3.70 100.0 

REMAINING FREQUENCIES ARE ALL ZERO 

FUTURE RANDOM NUMBER SEED IS (OCIAL) 27l43620l625 



APPENDIX B 

SAMPLE MESSAGE CENTER LOG 



COMMCEN MESSAGE REGISTER 1NCOMING STATION 
LRAFB - COMMCEN 

DATE 
WINTER "A" 

PAGE 
1 

COMMCEN MESSAGE REGISTER X OUTGOING STATION 
LRAFB - COMMCEN 

DATE 
WINTER "A" 

PAGE 
1 

CCN/ SSN PREC FILE TIME DATE TIME GROUP CLASS MESSAGE IDENTIFICATION NO. GROUP COUNT TO CLEARED REMARKS CCN/ SSN PREC FILE TIME DATE TIME GROUP CLASS MESSAGE IDENTIFICATION NO. GROUP COUNT (Station*) 
TO TIME CLERK REMARKS 1 P 0035 0025 S 1-0001 205 AUTODIN A123 00̂5 12 2 P 0115 0105 u 1-0002 45 A-D A12k 0128 22 3 P 02̂5 0235 u 1-0003 120 A-D A125 02 HQ 13 4 0 0310 0300 u 1-0004 175 A-D A126 0320 12 5 p 0k2Q 0U20 c 1-0005 185 A-D 

A129 0U38 12 6 p 0535 0520 u 1-0006 80 A-D 
A132 13 7 p O638 0630 u 1-0007 95 A-D A133 0645 22 8 p 0702 06U5 u 1-0008 125 A-D 
AlkO 0710 12 9 R 0800 1500 c 1-0013 250 A-D AlU2 0815 7 10 R 0800 1610 u 1-0009 U05 TWX B002 0812 7 1 * R 0800 1730 u 

1-0015 510 A-D A150 0819 7 l 2 R 0800 1615 u 1-0010 305 A-D 
A151 0825 7 l 3 R 0800 1755 u 1-0012 325 A-D 
A152 0700 7 l 4 R 0800 1810 u 1-0011 110 A-D A15U 0905 7 l 5 R 0800 1550 s 

1-OOlU 80 A-D A156 0920 7 l 6 R 0800 2200 u 1-0019 255 WUX C001 08U0 7 1 7 R 0800 1635 u 1-0016 U05 A-D A157 0950 3 l 8 R 0800 1705 u 1-0018 880 A-D A158 1000 3 1 9 R 0800 1615 u 1-0017 125 A-D Al6l 1005 7 2° R 0800 1935 u 1-0020 235 TWX BOOk 0955 7 
DEC (4 1022 PREVIOUS EDITION OF THIS FORM WILL BE USED UNTIL EXHAUSTED. sro : itM o-u»-s» 
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APPENDIX C 

BLANK FORM USED FOR SCHEDULING 

Duty Hours Day of the Month 

123^56789 10 11 

A Shift-- Men Booster Shift 

B Shift-- Men Hours: 

C Shift-- Men 

D Shift-- Men 

E Shift-- Men 

REMARKS: Specific justification for exceptional hour arrangements 

appear in this space. 
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