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SUMMARY

The United States Army has several types of field communication
systems, the most extensive of which is the Field Army Area Communica-
tion System. It is a network of communication centers dispersed
throughout the combat zone which is interconnected electronically by a
combination of radio and cable circuits. Within each of the communi-
cation centers is a message center through which all written corre-
spondence for electrical transmission is routed.

This research is a statistical analysis of the ability of a
message center to process message traffic under varying input condi-
tions. Through the construction of a computerized medel and the
subsequent analysis of data generated by the model the research was
aimed at determining the values of input parameters which caused
mességes to be delayed excessively. With this information the Army
Commander is able to prescribe the organization of a particular message
center to prevent unnecessary delays in message handling pricr to com-
mitting the message center to an area cf responsibility in the composite
communication plan.

The model was programmed for the IBM 7084 digital computer system
utilizing General Purpose‘System Simulator 1T1 (GPSS III), a special
purpose programming language. The input to the mcdel consisted of
messages arriving in a random manner where theﬁtime between arrivals is

described by the Gamma density function., By varying the shape parameter



xi

and the mean time between arrivals, a wide variety of inputs were
obtained simulating environmental actions under assorted combat condi-
tiong. In addition, each message generated is assigned one of four
priorities which denotes the order in which it is to be processed,

and a classification which denotes the security precautions necessary
in handling and transmission. Both the priority mix and the classifi-
cations were varied to determine their effect on the cperation of the
system,

It was found that the cause of excessive delay times was a
result of congestion at the facility processing classified messages.,
To alleviate this congesticn additional facilities were added to the
model. The results were depicted in a series of tables giving the
ranges of the various parameter values for which a particular organi-
zation of the message center could process the specified input within

an acceptable time limit.



CHAPTER I
INTRODUCTION

Background

The various components of Army activity are connected by
some means of communication.' Whether it be a sophisticated space-
satellite system, a simple "handy-talkie," or merely a runner, there
is always some method for communication between units. The need for
communication in any military organization is evident. The evolvement
of communication systems has been largely based on the needs of the
service. The expansion of involvement in world affairs has stimulated
a parallel growth in the mission of the armed forces, particularly the
Army. The deployment of units tc all parts of the worid has become
common; and,as a result, the reole of the communication activity in the
Army has developed into one of providing world-wide service to com-
manders at all levels. This service is provided by the Signal Corps.
Fortunately, the advancement of technolegy has kept pace with increased
mission requirements, and this service is not only feasible but in
existence teoday.

Advancing technology has had one adverse affect, however, in
that it has produced eguipment that is extremely complex. As this
complexity increases, so must the skill of the user. As & result, the
training and retraining of maintenance and operator personnel has become

a costly and time consuming process, and a major concern to both the



Army and the vendor.

Another problem the Army confronts as it acquires such compli-
cated equipment is the additional cost associated with increased
reliability, range, versatility, speed, etc. Each of these desirable
characteristics is purchased at a price that is a function of the
particular characteristic and equipment. The trade-off between price
and system effectiveness is dependent on the specifications of the
system. The continuing requirement for more communication systems
with greater capacity and range has altered specifications to the point
that costs have become a definite limiting factor.

It is not the objective of this research to dwell, in any
detail, intc costs and maintainability but only to present them as
motivation to the main thesis. There is no question that the scientists
and engineers in the electronics industry have provided the Army with
the communications equipment necessary tc accomplish its mission. 1In
fact; they have gone beyond these requirements. It is now appropriate
to employ a systems approach to study methods for optimally utilizing
existing personnel and equipment.

The implication is not being made that operations research and
systems analysis approaches have been neglected by the Signal Corps.

To the centrary, varicus organizations within and outside the Army have
made studies to evaluate the effectiveness and efficiency of communica-
tions at most levels considered to be strategic in nature, i.e.,

General Staff, Continental United States, Theafers, etc. Most of these

studies invelve fixed station operation (immobile) and are concerned



with automatic systems. Generally, these systems are operated and
maintained by highly-trained enlisted perscnnel and/or civil servants
or on a contract basis with a civilian organization. The problem men-
tioned above, concerning maintenance, is not particularly evident in
these installations since only the most qualified technicians are
employed.

The other aspect of Army communications 1s that concerned with
tactical and field units. Here the equipment is mcbile, weatherproof
and shockproof and is generally designed toc operate in any part of the
world. Operators and maintenance personnel are almost entirely enlisted

and have limited training when compared with fixed station attendants.

Concept of Operations

The first tactical unit that is found when descending the Army's
organization is the Field Army. It is a composite of tactical and sup-
port units and is designed for a particular situation which is largely
dependent on the opposing enemy forces and the terrain in which it
operates. The concept of communications within the Field Army is based
on the grid system, which consists of a number of Communication Centers,
dispersed throughout the Army area. These are interconnected by some
long-line facility (either cable or radio, or both). Figure 1 shows a
typical communication system as it would appear in an Operation Order*

for deployment of Signal Corps personnel. The circles denote Communica-

aa

""The Operation Order is the formal directive resulting from
operaticnal planning (20, p. 70)." It is a detailed order for the
conduct of a field exercise or a phase of combat.



Figure 1. The Army Area Communications System (Grid System)



tion Centers which are joined (electronically) by multi-channel

radics. Though this system is typical, it is not necessarily standard.
The combination of Communication Centers and radlo networks varies
considerably with the tactical situation,

The Field Army Signal Officer has under his supervision six
batallions with four companies each that are responsible for the
installation, operation, and maintenance of the Combat Area Communica-
tion System. This is a total of 24 Communication Centers available
for use. In addition, many of these units may be augmented with teams
from TOE* 11-500D, a special authorization for supplementing specific
organizaticns with additicnal personnel and equipment for various
contingencies.

The concept of operation for the conduct of a particular phase
of combat or field exercise is a result of planning at the Army level.
The Signal Officer at this level bases his plan on the tactical situa-
tion and the communication requirements of the units invelved.
Generally, the plan is to establish the grid system in sufficient depth
and width to encompass the entire Army area. The Communication Centers
are ideally placed in areas of high troop concentration se that their
facilities can be used to the greatest advantage.

These units that are not used are maintained in a reserve status
for assignment as teams to various locations or for future commitment.

The concept of a reserve for communication units is similar to that of

“Table of Organization and Equipment.



artillery units In that they are retained for a specific missicn and not
necessarily for emergency conditicons. Reserve units can be considered
as either units designated for some future plan of action or as a pool
of teams to be assigned to areas requiring additional communication
support.

It is evident that the Army Signal Officer must make some trade-
off between the effectiveness of the reserve units and the requirement
for additional operating teams at other locations. It may be necessary
in some situations to reassign compcnent parts of reserve units to
operational units, thereby rendering the reserve unit inoperable. This
decision is based on a trade-off between the expected utilization of
the reserve unit and the urgency of the requirement for the team in
question. Throughout this thesis it is assumed that the Army Signal
Cfficer has the information available and the ability to make this
decision under any given set of circumstances.

In the design of the Combat Area Communication System the Com-
munication Center is considered the basic component. It normally is
operated by a company-size unit composed entirely of Signal Corps
personnal (21). The organization of the Company is shown in Figure 2.

There are two sections in the Cemmunication Center through which
all communications flow. The first is the Wire Operations Section
which operates and maintains the switchboard, and the second 1s the
Message Center Section. All verbal communications originating in or
around the area are channeled through the switihboard for termination

by lccal subscribers or for relay to remote switchboards. The Message
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Center Section is responsible for pickup, processing and delivery of
2ll written communications. It is the Message Center Section with
which this thesis will be concerned.

A particular problem that the Army Signal Officer has is that
of allocating Communication Centers tc areas within the combat zone to
provide message handling facilities for tactical and logistical units
within that area. At present the technique used is based on the per-
sonal judgment of the Signal Officer. The decisions are strictly
subjective and in many cases inadequate. It is to be shown that these
decisions can be made objectively through a statistical analysis of the
effects of various inputs on the message center. For Iinstance, given
a certain average input with.a particular density function for time
between arrivals, what will be the requirements in terms of personnel
and equipment to properly handle these messages? Will it require an
augmented platoon from one of the TOE 11-500D teams, one with reduced
strength, or perhaps an entire company committed from the pool of

reserve units? In addition, what will be the effect of the expected

!, ohaats
i

mix of precedences“ and classifications on the output?
The objective of this thesis is to answer these questions

through the construction and evaluation of a computer simulation of a

“Precedence is the term which the Army gives to a message to
denote the relative order of handling and the order in which the sub-
ject matter is to be noted. The various precedences are discussed on
page 13, ’

ota ot

"“The term classification denotes the importance of the contents
of the message to the security of the nation.



typical Field Army message center. The medel is designed to simulate
the processing of messages from the time they arrive at the message
center until they are transmitted to some remote locaticen. The
processing procedure used is standard throughout the Army and is
established by regulations from which no deviation is allowed. The
environment in which the message center operates provides the input

of messages. This input is entirely dependent on the tactical situation
and the number and type of units which the Communication Center is sup-
porting. This information is available to the Army Signal Officer in
the form of afteraction reports from numerous field exercises. The
effect of input characteristics on the message center operation is not
available, however, and must.be derived prior to committing a Communi-
cation Center to support a specific area. The primary problem the
Signal Officer faces is that there are many énvironmental parameters to
be simultanecusly considered. Not only is the rate of arrival of mes-
sages to the message center a random variable, but the mix cf prece-
dences, the percentage of classified messages, the service times at

the various processing peints, the length of the messages, and the
destinations for which the messages are designated are also variable.
The variation of any cne of these parameters has some effect on the
output. For this project it was not considered feasible to vary all
these parameters but rather to select specific values for a few and then
determine the effects of varying the others. In this respect, the scope

of the study is scmewhat limited.
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Scope.

The fact that this research is directed at the Field Army Signal
Officer does not necessarily limit its use to that office. Any agency
concerned with the engineering and development of field communication
systems should find the results useful. For example, consider the Com-
munication Officer at a single field message center. The mevement of
units Into and out of his zone of responsibiiity is a frequent occur-
rence in most training exercises and combat situatlions. If he has some
notion of the number and type of units that are meving, which in turn
will provide him information about the increased input characteristics,
he will be able to plan for the expected utilization of his facility.

This research i1s limited to field communications, and it is not
applicable to fixed station operations. With considerably meore research
and a general reprogramming of the model, this appreach could be under-
taken for fixed station facilities:; however, the usefulness of such a
ppoject would be In questicn, since supported units are relatively

stationary and inputs are less variable.

Environment
The first step in the solution of the problem is the definition
of the system and its envirconment. The real world system under con-
sideration is the Field Army Combat Area Message Center. The environ-
ment censists of thoze units for which the message center provides
service, i.e., the tactical and logistical units which originate written
correspondence, and the tactical and logistical units which are denoted

as the addressee for this correspondence. The input to the message
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center consists of messages arriving in some random manner described
by a particular density function. These messages arrive by one of
three means:

1. Direct teletype from the originating organization addressed
to gome remote unit.

2. Unscheduled messenger service from the coriginater for trans-
mission to a distance addressee.

3. Hand carried by the originator for transmission to a distant
addressee.

The method of delivery has no effect on the message flow. It is
mentioned here only to indicate random arrival possibilities and the
likelihood that the mean rate of arrivals is not dependent on time in
a combat situation. Regardless of the delivery means, the messages will
be received at the message center for the first step in processing for
delivery.

In most cases the message will be written on a preprinted form
{Figure 3) and in all cases will consist of three parts:

1. Heading: contains the information necessary for preparation
and transmission, i.e., originator, addressee, precedence, classifica-
tion, type of message, etc.

2. Text: contains the information that the originator is
giving the addressee.

3, Ending: reserved for message center perscnnel for proper
identification of the message, and the originéfor.

As each message arrives in the message center, a designated
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supervisor checks it to insure proper procedure has been followed and to
note the order in which the message is to be handled {see Figure u).
The order of handling is called the precedence of the message. It is
assigned by the originater to denote the relative urgency of the infor-
mation in the text. The four precedences, in order of importance, are:

1. TFlash: to be handled as fast as humanly possible, inter-
rupting the processing of any lower precedence message.

2. TImmediate: +to be processed ahead of messages with a lower
precedence, interrupting when appropriate.

3. Pricrity: to be processed ahead of rcutine messages, inter-
rupting when appropriate.

4, Routine: +to be processed in the order received and after
higher precedences.

After the supervisor has checked the messages they are given te
a clerk who transcribes identifying information inte the Message Center

Log. The clerk further segregates the messages according to classifi-

cation. Each message is designated, by the originator, as being either
classified or unclassified. If the message is c¢lassified, it means that
the information contained in the text is vital to the security of the
nation and its cempromise by unauthorized persons could be detrimental
to the security of the nation. Classified messages are, thevefore,
afforded special handling, in that they must be given proper physical
protection as well as transmission protection. Physical security is
provided by armed guard or appropriate contaiders. Transmission

security is provided by the cryptographic unit. This unit encodes the
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message in such a way that its interception cannot divulge useful
information to the enemy. The encoding process is coupled with a
device that "cuts" a teletype tape with the characters of the coded
language. This tape, when completed by the cryptographic unit, is
virtually useless to any agency which does nct have a decoding device
corresponding to the device on which it was encoded. The tape can,
therefore, be transmitted without fear of compromise.

For transmission the tape is sent to the transmitting and re-
ceiving unit where it waits until a transmitter is free or until all
messages of a higher precedence have been sent. When these conditions
have been met, the teletype operator places the prepared tape into a
transmitter and informs the distant station that he has a message for
them, When the distant station is ready and has been properly identi-
fied, the operator activates the transmitter and monitors the trans-
mission until it has been properly transmitted and acknowledged.

When the receiving station has acknowledged receipt, the sending station
is relieved of further responsibility for the meésage.

Unclassified messages are handled in the same manner as classi-
fied with the exception that they are given directly to the transmitting
and receiving section after they have been logged by the message center
clerk. A teletype operator then "cuts" the tape (which will be in clear
text) and transmits it tolthe desired destination.

Prior to each servicing facility in the message center,there is
some sort of queue that each message enters before being processed. It

may be an "in box" on a clerk's desk, or a safe (for classified
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messages), or a nail on a tent pole (for teletype tapes)}. Regardless
of the physical representation, the message enters a wailting line. IF
the message is of a higher precedence than the other messages in the
waiting line or in the service facility, it will exert preemptive rights,
interrupt service and be processed ahead of the other messages. This is
standard procedure for each waiting line and service facility within
the message center.

This brief description of the operaticn of a typical Field Army
Message Center is to serve as a foundation cn which to build a mcdel

to represent the real world system.

Approach

In selecting a technigue for medeling the system, a likely
choice involves scome applications of queueing theory, since the cpera-
tion of the message center invelves waiting lines and service facili-
ties. A little research into the present uses and the "state of the
art," however, indicates that the construction of such an analytical
model is not possible for this system, as will be evident as the
experiment is described. Further research indicates that an acceptable
technigque for modeling complex systems where analytical solutions are
impossible or are not economically feasible, is simulation using Monte
Carlo methods.

Once simulation was selected, the researcher was faced with two
problems:

1. Since the simulation requires an enormous number of arith-

metical calculations, a digital computer is a necessity.
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2. The programming invelved in a simulation of this type using
a general purpose language is a tedious and time-consuming process,

The first problem was solved by the University of Georgia which
offered the use of its IBM 7084 computer; the second by the use of a
special programming language developed by the IBM Corporation entitled

b
"General Purpose System Simulator IIT (GPSS TII)'M (25).

With the decision made to use simulation and with the resolution
of the two problems above, the method of approach can be broken down
into two phases:

1. Construction and validation of the model.

2. Manipulation of the model to evaluate system operation under

various sets of conditions (parameter values).

Assumptions

To give credence to this approach, certain assumptions must be
made. about the real world system. Though these assumptions may dilute
the conclusions, they are necessary to maintain feasibility in the
modeling process.

1. The times between arrivals of messages at the message center
are independent randoem variables which can be approximated by a
statistical distribution.

2. Service times for the various stations within the message

center are independent random variables which can be approximated by a

% .

The Burroughs digital computer system at Georgia Tech does not
have a GPSS III capability. GPSS III was programmed by IBM for IBM
machines; therefore, the University of Georgia was asked for assistance.
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statistical distribution.

3. The calling population is infinite.

4. A1l queues have the capacity of containing an infinite
number of messages.

5. The arrival of messages 1s independent of time.

o
b

6. All teletypewriter systems are full-duplex.

With these assumptions made, the construction of a computer
simulation and the subsequent evaluation of the data becomes feasible.
The objective cof this research is to determine ranges for the values
of the various input parameters which cause the model to behave in an
undesirable manner. Once these values are known, the model can be

manipulated to compensate for their effects.

A full-duplex teletypewriter system is one that is capable of
transmitting or receiving messages simultaneously.
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CHAPTER 11

LITERATURE

Army Communicaticns

The history of communications in the United States Army is long
and not of particular impoftance to this thesis. The development of
the concept of present-day systems is of importance, however, because
it was a direct result of changes in the conduct of warfare.

Today the commander must direct amphibicus landing,
coordinate air-delivery of men and supplies, control close
alr support, call in artillery fires, or order the final
assault on his unit's objective, to name a few modern
requirements for rapid and far-reaching communication.

As late as World War I cnly limited use was made of
electrical communications pioneered during the Civil War.
However, the technical Improvements Iin electronic equipment
and communications that occurred between the World Wars
greatly accelerated the use of signal communications in the
Army, and, in fact, made possible the control and coordina-
tion of the massive combined assaults on Hitler's Europe,
for example. But there is still a need for improved communi-
cations equipment,

The burst of the first atomic bomb over Hiroshima in 1945
foretold the need for better communication equipment in the
Army. As the years passed and techniques were developed to
fit the requirements of the tactical atomic weapons in the
Army, it became evident that smaller, lighter, more rugged,
and more powerful means of communication were needed to meet
the needs of today's atomic-capable forces. The dispersal of
manpower and materiel, coupled with increased mecbility and fire-
power, demand more and better means of communications.

(18, p. 8)

As early as World War IT ., . . it was found that the signal
troops organic to a Field Army were nct sufficient to provide
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the administrative communications necessary for service

support elements®*. . . . To provide this, additional com-

munication teams were obtained freom the communication zone™”
et b . a . .

and from Theatre,”"* organized loosely intc a Signal Service

Battalion, and then dispatched to the many points where
signal support was required. (39, p. 6)

Together with advanced equipment and the organization of signal
units into teams which were deployed throughout the army area, a new
concept in military communications was born, the Army Area Communica-
tion System.

The system did not achieve its current configuration (Figure 1),
however, until the end of the Korean War when it was realized that an
even greater demand for communication was in evidence than ever before.
Az a result, the Area Communication System was expanded to include not
only support units but alsc combat units,

The system extends from the rear of the field army area

through the combat zone and connects into the division
communications system. Thus, the field army communication
system will transcend command boundaries, The army signal
centers are not associated with any particular unit of
command post, but rather, provide support to all troops
located in the area. They are positioned in the army area
as required by local geography, ground lines of communication,
and troop population density. (23, p. 25)
The importance that the Army attaches to the Area Communication

System is evidenced by a paragraph from the Staff Officers Field Manual,

cne of the most widely used references in the Army:

ta

“Those units under the Army Commander that are not directly con-
fronted with the enemy.

2

“The area directly to the rear of the combat zone.

e,

......

The headquarters in command of one or more Field Armies,
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A reliable and versatile communication system is mandatory
to the accomplishment of a commander's mission. With such a
communication system he i1s able to use properly his staff
agencies and control his combat and supporting forces. The
reliability of the modern battlefield communication system is
enhanced by the use of the area communication system. .
Once a versatile and reliable area communication system is in
operaticn, the manifeld bhenefits to a commander and his staff
come inte full play. They use all available and appropriate
communication means to coordinate and control the actions of
the command including direct voice contact, written communi-
cations, radic, telephcne, teletypewriter, and television.
{20, p. 78) . '

The basic component of the Area Communication System is the
Signal Combat Area Company which has the missicon: "To install, operate,
and maintain one area signal center of the army area signal system."
(17, p. 18.) The perscnnel and equipment authorizations are found In
TOE 11-87E dated 27 April 1961. This document also contains the
organization of the unit (Figure 2) on which much of the discussion
in Chapter I was based.

The'operation of the Signal Combat Area Company is governed by
several different manuals. Of particular interest here are those which
establish procedures for the operation of the message center. FM 24-17,
Tactical Communications Center Operations, dated 14 September 1961,
outlines the procedure in detail for a message center somewhat larger
than the one under consideraticn, however:

This manual is a gulde for personnel concerned with the

operation of tactical communications centers at all levels
of command. . . . This manual presents general practices and
methods for planning, organizing, and operating tactical
communicaticns centers and message centers. (22, p. 4)

In addition, this manual references other procedures and instruc-

tions which are more specific in nature and pertain only to a particular



22

message center, company cor command. These are listed below:

1. Standing Operating Procedures. An SOP is a set of
instructions covering those features of operations that lend
themselves to a definite standardized procedure. . . . Each
message center has its own S0P to prescribe the details of
every operation that takes place in connection with the receipt,
transmission, and delivery of messages.

2. Standing Signal Instructions. The SSI contains communi-
cations, operating procedures and general instructicns and

dirvectives that are relatively permanent in nature. . . . The
message center must have a complete copy of the SSI for ready
reference.

3. Signal Operating Instructions. The SOI is an order or
series cf instructions issued for technical contrel and coordi-
nation of all signal communication agencies throughout the
command. It contains cperational data and instructions that
are subject tc periocdic or frequent change. . . . The message
center must have a copy of the current S0I. (22, p. 9)

These three sets of instructions are normally all that are
required for the proper administration of the message center. There
are others of a more general nature, but they are not required for
day-to-day operation.

The preparation of the message, the responsibility of the
originator, is prescribed in AR 105-31, Message Preparation, dated
19 August 19685, This Army Regulation specifies in detail the manner
in which DD Form 173, Joint Messageform (Figure 3), is to be filled
out and emphasizes the importance of assigning the correct precedence
and classification.

The assignment of pfecedence to a message is the responsi-
bility of the originator, based on a determination of the
urgency of the subject matter and the time factors involved.
Precedence categories are used to indicate the relative order
in which one message is processed in respect to all other
messages. A message will not be assipgned a precedence higher

than necessary to insure that it reaches all addressees in time
for accomplishment of the action intended.
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Precedence categories Indicate to--

1. The originator--the required speed of delivery to the
addressee.

2. Communications and staff message control personnel--
the relative order of processing and delivery.

3. The addressee--the relative order in which he should
note the message; however, precedences have no direct effect
on the time that a reply must be sent.

Appropriate use of the various precedence categories is
determined by careful consideration of the fellowing:

1. TILASH. The precedence reserved for initial enemy contact
messages or operaticnal combat messages of extreme urgency.
Brevity is mandatory.

2. IMMEDIATE. The precedence reserved for messages relating
to situations which gravely affect the security of national/
allied forces or populace, and which require lmmediate delivery
to the addressee(s).

3. PRIORITY. The precedence reserved for messages which
require expeditious action by the addressee(s) and/or furnish
essential information for the conduct of operations in progress
when ROUTINE wiil not suffice.

4. ROUTINE. The precedence toc be used for all types of
messgsages which justify transmission by rapid means unless of
sufficient urgency to require a higher precedence.

The originator is responsible for determining the proper
security classification for each message in accerdance with
AR 380-5. C(Classification should be based upcn the contents
of the message text and not necessarily with regard to the
relationship of the text to other classified material. Tor
example, a reply to a classified messapge need not be classified
provided the text of the reply itself is unclassified. Over-
classification imposes unnecessary burdens on administrative
and communications elements by requiring additional protective
handling, while underclassification may risk disclosure of
security informaticn. The originator must, therefore, select
the lowest classification which is consistent with the security
protection required. (19, p. 4-2)

The Area Communication System is not the only tactical communica-
tion facility within the Field Army. Each Corps, Division, Brigade,

etc., have their own internal systems for command and control. The
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area system augments these other systems by joining them to a composite
network that is extremely reliable and flexible. 1In addition, the area
system provides a means of integrating separate units* intc the Army

gcheme of operations. Each Communication Center can therefore have as

its "customers" two types of units: combat (Armor, Infantry, Artillery),

or combat support {(Crdnance, Medical, Quartermaster, etc.).

Simulation
The term simulation has had many meanings in the past. Each
scientist who has had some influence on its development has applied
his own definitiomn, and the result is a class of vague, often con-
flicting, ideas about just what simulatlen is and what it encompasses.
C. W. Churchman gives two, scmewhat philosophical, definitions by
saying that:

The term simulation poses two quite familiar philosophical
problems. Tirst, it bears a resemblance to such termz as
"existence," "matter," and "mind" in that it is not only
difficult to say what things belong to i1t, but it is also
difficult to say what things do not belong to it. Everything
there is can be though of as a simulation of something. Secend,
the term simulation raises the old familiar question of the
meaning of reality because "to simulate' seems to mean "to
represent the real by a model." (&, p. 12)

And then a more precise definition:
% simulates y is true if and only if (a) x and y are formal
systems, (b} y is taken to be the real system, (¢} x is taken
to be an approximation to the real system, and {(d) the rules

of validity in x are non-error-free. (8, p. 12)

The idea of medel building is amplified by Dmitris N. Chorafas:

VS

“Those units not assigned to a Corps, Division, etc.
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Simulation involves the construction of a working mathematical
or physical medel presenting similarity of properties of rela-
tionships with the natural or technological system under study.
(7, p. 9)

And further by Martin Shubik:

A simulation of a system or an organism is the operation of
a model or simulator which is a representation of the system
or organism. The model is amenable to manipulations which would
be impossible, too expensive or impractical to perform on the
entity it portrays. The operaticn of the medel can be studied
and, from it, properties concerning the behavior of the actual
system or its subsystems can he Inferred. (36, p. 199)

Though more restrictive Thomas H. Nayler gives a definition

that gives creditability to the use of the term in this thesis:

Simulation is a numerical technique for conducting experi-
ments on a digital computer, which invelves certain types of
mathematical and logical models that describe the behavior of
a business or eccnomic system (or some component thereof) over
extended periods of real time. (32, p. 3)

One of the numerical techniques that is used for conducting

experiments with simulation models is "Monte Carlo analysis"

The Monte Carlc methoed was perhaps first conceived by Von
Neuman and Ulan as a method for inverting the procedure classi-
cally used in the solution of mathematical problems, and
obtaining approximate solutions tec the same by simulation,
using a probabilistic model and random sampling. (33, p. 106)

Mente Carle sampling is a method of providing stochastic inputs to the

model. The values are generated by a relaticn
-1
¥ = T “(RN) (1)
where T is the distribution function of X. A series of random numbers

which are distributed uniformly between zero and one (0 < RN < 1) with

E(RN) = 0.5, V(RN) = 1/12 serve as input toc (1). These numbers can be
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obtained from a table or they can be generated by a computer using any
number of methods., If a digital computer is used, the numbers are
usually called pseudo-random numbers and they behave in a manner
similar tc random numbers in that they are approximately uniformly
distributed and hopefully Iindependent with a mean of 0.5 and a variance
of 1/12. The closeness of the approximation will depend on the par-
ticular method the programmer uses. The congruential-multiplicative
method or power-residue method is probably utilized more than any
other.

The results obtained from the application of the Monte Carlo
simulaticn are approximations with the accuracy inversely pro-
portional to the square root of the number of simulaticn repli-
cations employed. . . . (33, p. 107)

Hence, the number of samples taken will be a factor in achieving

the accuracy desired.

The practitioner must decide whether it is advisable tc use
an electrenic computer in any particular situaticon, and there

.ne doubt will be scme cases where the use of hand computaticns
and a statistical clerk will evidently be cheaper than the
development of a computer program. (33, p. 107)

For this research a computer was available, and, since the compu-
tation time by hand appeared to he excessive, it was decided to program
the problem for machine solution. The programming time, even with a
general purpose language, could not compare with the time required to
solve even a very small porticn of the experiments planned if they were
done by hand.

The selection of a computer language for programming the simula-

tion was dependent on the capabilities of available hardware. Several

special purpose computer languages have been developed which make
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simulation programming easier and more comprehensive. Two cf the most
notable of these are: SIMSCRIPT, a product of the Rand Corporation,
and General Purpose Systems Simulator (GPSS IIT), developed by IEM
Corporation. A number of other languages have been written but they
are primarily for particular types of problems and do not have the
general applicability of SIMSCRIPT and GPSS III.

GPSS and SIMSCRIPT faclilitate the prepavation of simulation
programs in two ways:

1. They provide a convenlent set of concepts for transla-
ting the model from an ordinary word descripticn to a more
rigorous and complete description from which it is easier to

write a computer program. This set of concepts is termed the
“world view" of the language.

2. They provide a language which is particularly sulted
for transforming the above description of the model into a
computer program.

Beth languages are predicated on the assumption that computer
time i1s inexpensive relative to the cost of a programmer. As
such, they substantially reduce the programming effort required

by shifting much of the translating task to the computer.
(14, p. 3)

Both languages offer the advantage of shorter programming times

when compared tc a general purpose language such as Fortran or Algol.
Although SIMSCRIPT was written for IBM machines, the systems tape is
not a part of the program packages which accompany IBM computers.
GPSS II1T, on the other hand, iIs available to organizations who own or
rent IBM machines as a service of the Corporation. For this reason,
GP3S 111 was chosen for the lanpuage in which to model the system.

The GPSS III programmer requires only two reference manuals:

1. General Purpose System Simulator I1I, Introduction:

The purpcse of this manual is to provide an introduction to
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the use of General Purpose Systems Simulator III. Tt is
written for those individuals who have not had previous
simulation experience., (25, p. 1ii)

?. General Purpose System Simulator III, User's Manual:

This manual gives a detalled explanation of the cperation
of simulation models written with the General Purpose Systems
Simulator ITI..

It is assumed that the reader is thoroughly familiar with
General Purpose Systems Simulator III--Introduction. This
manual and the "Introduction' complement each other. The
introduction enables the new user of GPSS IIT tc develop a
broad range of models. Inevitably, however, the GPSS III
user will encounter complex models which require a more
detailed understanding of the GPSS III program. This manual
should resclve the numerous and, often times, fascinating
subleties which arise in GPSS IIT simulation models. (26, p. 1)

The details of how GPSS5 ITI was used in the model bullding
process will be covered in the following chapter. The programming
time was considerably less than it would have been 1f a general

purpose language such as Fortran or Algecl were used.

Army Communications and Simulation

If we speak of communications in general and consider simulation
as representing the real by a model, the literature is abundant. Since
1905, when Mr. A. K. Erlang, an engineer with the Copenhagen telephone
exchange, used the principles underlying queueing theory to study the
effects of fluctuations of incoming calls on a switchboard (31, p. 21},
to the present day uses of cperation research techniques on complicated
communication systems and networks, the uses of simulaticn have been
many and varied. Recently, however, the term gimulation has come to
mean a "technique for conducting experiments on a digital computer"

{32, p. 3). The majority of the work in modeling communication problems
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has used the term in this sense (1, 3, &4, 6, 9, 11, 16, 27, 29, 34, 35,
37}, Other modeling techniques have been used to a limited extent;
notable are linear and dynamic programming and gaming and queueing
techniques (b, 10, 12, 13, 15, 30, 3B, 41). Generally, simulation is

c hosen over other techniques because of its applicabllity to model a
system, in its entirety, in a time-variant environment.

The use of simulatiecn in the study of Army communications
systems is difficult to substantiate since there is very little litera-
ture available on the subject. This does not imply that no work has
been done in this area, only that the results have not been made
available for public use. In an attempt to determine the extent of
research in this area three studies were requested from the originating
agency (5, 11, 42) and in each case the request was denied.

The Signal Corps conducted a study in May, 1963, to determine
the effects of communications on a tactical situation, and the effects
of the tactical situation on variocus communication systems.

The Signal Corps Ground Combat Simulator is a fully com-

puterized, dynamic, two sided, free rumning model of ground
combat between two forces up to division in size. It is a
research tool which: 1. permits the detailed cbservation
of communications events in a combat environment, and 2.
provides a means of measuring, in terms of combat outcomes,
the relative merit of competing communications systems
concepts. Tactical actions of two divisions in conflict are
determined by input data which specify the TCE, organization
for combat, SOP, tactical and cther doctrine, mission, terrain,
environment, and the signal system. Any of these may be
changed at will to study the ability of the communication
system under analysis to support a wide range of tactical
action. (&)

The significance of this study is the realization by the Signal

Corps of the ability of simulation to replace costly field exercises
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or combat as a methed of evaluating communicaticns systems. Heretofore,
all but minor changes in procedures and systems have been the result of

experiences or trials in fleld maneuvers or combat situations.
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CHAPTER TIII

PROCEDURE

Introduction

The procedure used in performing this research was subdivided
into twe separate phases. -The first phase is the translation of the
real world system into a representative model with the subsequent
validation of that model to determine how nearly it simulates the real

system. The second phase involves experimentation with the basic model

at,
-

to test its reaction to different environments; and like the first
there will be generation of data and statistics necessary for evalua-

tion.

Construction and Validation of the Model: Phase I

The translation of the system described in Chapter I and
depicted in Figure 4 intc a general purpose computer model employing
GPSS III is a straightforward procedure, and this was accomplished
in two steps:

The Flow Diagram

Each waiting line, service facility, and routing procedure
within the message center is clearly defined by appropriate Army

Regulations. The number and type of waiting lines and service facili-

“The environment provides the input to the system. In Phase
ITI the values of the parameters which make up the input will be varied.
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ties are given in a Table of Organization and Eguipment (21), and the
pocedure to be used in processing the various types of messages is
described in detail in M 27-17 (22). The construction of a GPSS III
filow diagram is then a matter of matching the components and routing
procedures of the message center with an appropriate symbol to repre-
sent that activity or procedure. The flow chart developed for this
system is contained in Figure 5.* Each entity within the diagram is
denoted by a block*:rc number (bensath the symbol) and a brief explana-
tion of the block's mission in the model.

Although most of the symbocls are self-explanatory, a brief
discussion of their function in the model is warranted. The first
block, entitled GENERATE, creates messages to be processed by the
message center. In the [irst phase of the study the assumption was
made that the interarrival times have an expenential distribution.
The distribution function of the exponential distributicn is EN1 in
the GENERATE block. FN1 is a reference to FUNCTION 1, a definitive
entry,""" which is a set of 24 ordered pairs (F(t),t) of numbers. Each
pair of these numbers denotes a point on the curve of the exponential

distribution function (see Figure B},

dFigure 5 begins on page 33 and ends on page Hl.

“"A block is defined as a separate entity in the GPSS IIT
program,
Describes or defines an activity or acticn within the
program, Definitive entries are not assigned block numbers and are
not considered a part of the operational section of the program. Other
definitive entries, which will be mentioned later in this chapter are
TABLE and VARIABLE statements.



Create incoming messages with
interarrival times distributed

GENERATE by FUNCTION 1 and a mean of
6,INL .
6 min.
1
QUEUE 1 Wait until SERVICE 1
1 (Supervisor Check) is free.
2
SELIZL Take possession of SERVICE 1.
3
DEPART 1 b Leave QUEUE 1.
i
SERVICE 1. Service times
ADVANCE distributed by FUNCTION 1
i, FN1 . :
with a mean of 1 min,
5
3, FN2 Assign precedences to
parameter 3, distributed
(;JEEEIGN according to FUNCTION 2.
&
P3
Give precedences priority
PRIORITY status according to Parameter 3.
-
1
RELEASE Leave SERVICE 1.
8

Figure 5. GP5S8 III Flow Diagram

33
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QUEUE Wait until SERVICE 2
1 (Message Center Clerk) 1is free,

Interrupt lower precedence
PREEMPT messages in SERVICE 2
- according to pricrity status.

10
DEPART Leave QUEUE 2.
1
11
SERVICE 2. Service times
FigVAgﬁi distributed by FUNCTION 1
> with a mean designated by FUNCTION 3,
12
G If Priority status is less
ASCNC than 4, send to ASGNC; if not,
send to next block.
13
1, FN7 Assign security classification,
to messages with Priority 4,
ASSIGN according to FUNCTION 7.
14
TRANSFER Send messages with Friority i
ASGND to ASGND.
15

Figure 5. GPSS III Flow Diagram (Continued)
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1. FN 5 Assign Security classification,
: to messages with pricrity 1, 2,
- ASSIGN ASGNC and 3, according to FUNCTION 5,
16
2; FNE Assign destination to parameter
ASSIGN ASGND 2 according to FUNCTION 8.
17
RETURN Leave SERVICE 2.

CLAS If message is classified, send to
CLAS; if not, send to next block.

OTHER If QUEVE 4 less than QUEUE 3,
send message to OTHER; if not,
send to next block.

Wait untii SERVICE 3 (unclassified
QUEUE tape cutter)} is free.

21

Interrupt lower precedence
PREEMPET messages in SERVICE 3 according
3 to priority status.

Figure 5. GPSS IIT Flow Diagram {(Continued)



DEPART Leave QUEUE 3.

1
23
SERVICE 3. Service times
ADVANCE distributed by FUNCTION 1 with
FNu, FNL . a mean described by FUNCTION u,
24
RETURN Leave SERVICE 3.

Send to transmitting peint
designated by Parameter 2.

m
OTHER
QUEUE Wait until SERVICE & (unclassi-
1 fied tape cutter) is free.
27
Interrupt lower precedence messages
PREEMPT in SERVICE 4 according to priority
status.
28
DEPART @ Leave QUEUE 4.
1

Figure 5. GPSS III Flow Diagram {(Continued)



ADVANCE
FN u, FNL

30

RETURN

CLAS

QUEUE

33

PREEMPT

34

DEPART
1

35

ADVANCE
20, FN1

Figure 5.

37

SERVICE 4. Service times
distributed by FUNCTION 1 with
a mean described by FUNCTION 4.

Leave SERVICE 4.

Send to transmitting peint
designated by Parameter 2.

Wait until SERVICE 5 (classified
tape cutter) is free.

Interrupt lower precedence messages
in SERVICE 5 according to priority
status.

Leave QUEUE 5.

SERVICE 5. Service times distributed
by FUNCTION 1 with a mean of 20 min,

GPSS III Flow Diagram (Continued)



RETURN

TRANSFER

QUEUE
1

39

PREEMPT

40

DEPART
1

41

Figure 5.

38

Leave SERVICE 5.

Send to transmitting point
designated by Parameter 2,

NOTE: The following is a transmitting
peint. There are three in the
model, each identical to the cne
described below.

Wait until SERVICE 6 (transmitting
point) is free.

Interrupt lower precedence messages
in SERVICE & according to priority
status.

Leave QUEUE &.

GPSS III Flow Diagram (Continued)



ADVANCE
6,FN1

L2

RETURN

TRANSFER

TAB1

Pa, Ky

FLASH

TEST
57

Figure 5.

NOTE:

3¢

SERVICE 6. Service times
distributed by FUNCTION 1
with a mean of 6 min.

Leave SERVICE 6.

Send to Tabulate Section to
calculate transit times.

The following is the tabulation
section of the model. Its purpose

is to calculate the transit times

for the varicus types of messages
that have been processed. The sec-
tion shown is for Priority 4 messages.
There are similar sections for the
remaining priorities.

If priority status is equal to 4,
send to FLASH3 if not, send to
next block.

GPSS 1III rlow Diagram (Continued)
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If priority status is equal to
3, send to IMMED; if not, send
to next block.

If pricrity status is equal to
2, send to PRIOR; if not, send
to next block.

If pricrity status is equal to
1, send to ROUTE; if not, send
to next block.

If this priority 4 message is
classified, send to TABCF; if
not, send to next block.

TABULATE Calculate transit times for
1 1 \j Priority 4, unclassified messages.

62

TRANSTER
TABF
63

Send to TABF to determine the
transit times for the total
priority 4 messages.

Figure 5. GPS8S III Flow Diagram (Continued)
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TABCF

TABULATE Calculate transit times for
1 _—2_-5 priority 4 classified messages.
B4
TABF
TABULATE Calculate transit times for

1 5 \ ' all priority 4 messages.

TRANSFER Send to TABT to determine transit

times for all messages.

TABT
TABULATE Calculate transit times
1 12 \\] for all messages.
84
TERMINATE N Release the message from the system.
85

Figure 5. GPSS IIT Flow Diagram (Concluded)
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F(t) = 1-e

where the random variable is time and F(t) is the probability that this
time is less than or equal to some specified value of time, t. In cal-
culating the interarrival times for newly-created transactions,* FUNC-
TICN 1 selects a random number for F(t) where 0 < F(t) < 1, and then
interpolates linearly between adjacent pointé te arrive at a value for
t. This value of t iz then multiplied by the mean specified in the
GENERATE block, which is in this case six minutes, to give the time
between the preceding transaction and the one just created.

Each service facility in the medel is characterized by a set
of common blocks which are used to simulate the waiting line, the
dependence on precedence, and the delay caused by processing. A
typical example is Service 4, block 27 through 31, As transactions are
released from Service 2 they enter QUEUE 4 to be held or processed,
depeﬁding on the status of the queue, Transactions are arranged by
precedence within the block so that when the service facility is free,
those with higher precedence are processed first. The PREEMPT block
provides a means of interrupting the service of a transacticn when the
precedence of a message in the waiting line is higher than that of the
message being serviced. The DEPART block merely reduces the number of
transactions in the queue by one. The ADVANCE block is the service

facility, and it delays transactions for a pericd of time dependent on

FN4 (FUNCTION 4) and FN1 (FUNCTION 1). FUNCTICN 4 is plotted in Figure

()

A transaction in this model is defined as a message.
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B, It determines the mean value of service times which are a function
of the length of QUEUE 4. As in the GENERATE block, the service times
are the product of the mean and some time, t, determined by the inverse
of F(t), FUNCTION 1. The mean service times for the various facilities
are in Table 1. The RETURN block acts as a signal to notify the other

blocks that service is completed and that the ADVANCE block is vacant.

Table 1. TFacility Service Times

Mean
Facility Action Service Time
Service 1 Inspecticn by Supervisor 1 Min.
2 Enter in Message Center Log 2 - 3 Min.
3 Cut Unclassified Teletype Tape 4 - 8 Min,
4 Cut Unclassified Teletype Tape 4 - 8 Min,
5 Cut Classified Teletype Tape 20 Min.
B Transmit 8 Min.
7  Transmit 8 Min,
8 Transmit 6 Min,

These five blocks are common to all service facilities where
precedences déetermine the order of service. The first group of blocks
in the flow diagram, those which pertain to Service 1, is the only
exception in the program. Here transactions are processed on a first-
come-first-served basis.

There are other blccks within the program which provide informa-
tion and direction for the flow of transactions. One which is of
interest is the ASSIGN block. There are four in the program. The first,

block 6 in Figure 5, assigns the precedence of each message, in a random
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manner, to Parameter 3 In accordance with FUNCTION 2 (Figure 9). The
second, block 14, assigns the classification (to those messages with

a priority status of %) to Parameter 1 in accordance with FUNCTIQON 7
(Figure 10). The third, block 16, assigns the classification (to
those messages with a priority status less than 4) to Parameter 1 in
accordance with FUNCTION 5 (Figure 11}). The fourth, block 17, assigns
the destination to each message in accordance with FUNCTION 6 (Figure
12). These parameters are then referenced at an appropriate place in
the program to direct the transaction to a particular waiting line.
For example, the fourth ASSIGN bleock will place in Parameter 2 the
number 39, 45, or 51. These are the block numbers relating to the
three transmitting facilities which simulate the transmission of
messages to one of fhe three lccations. When the transactions reach
the point in the program where Parameter 2 is referenced, they are sent
to the block number which has been assigned to that parameter.

No additional programming is required to determine the various
statistical data associated with queues and facilities. The GPSS III
system package computes: the percentage utilization, the total number
of transacticns processed, and the average time required to process
a transaction for each facility; and the maximum contents, the average
contents, total number of zero entries, percentage of zeras (percentage
idle}, average waiting timé, and the average wailting time for those
transactions which had to wait for each queue are also provided.

In this problem, additicnal information is required concerning

the time messages spend in the system, i.e., transiticn or transit times.



PRECEDENCE

A ) 1 ¥ 1 LI

1
o L1002 .3 . 5.6 .7 8 .9 1.0
RANDOM NUMBER

Pigure 9. FUNCTION 2--Assign FPrecedence

NUMBER
|t ]
)

CLASSIFICATION

RANDOM NUMBER

Figure 10. TFUNCTION 7--Assign Classification to Flash Measures



CLASSIFICATION NUMBER
b=

L T T L v T T ]

0 10002 3h .5 .6 .7 .8 .9 1.¢C
RANDOM NUMBER

Figure 11. FUNCTION 5--Assign Classification tc Immediate,
Priority and Reoutine Messages

47 1

=
l__.J
)

BLOCK NUMBER
L
o

T L} L Ly b 1

L
0 A100.2 .3 L4005 .6 .7 .8 .9 1.0
RANDOM NUMBER

Figure 12. FUNCTION 6--Assignment of Destination

48



49

For this, a TABULATE block designating a specific TABLE is used. The
model is designed to compute the transition times for: each of the
eight types of messages which are generated, i.e., Flash (classified
and unclassified}, etc.; the total transition times for each precedence;
and the total transition times for all messages.

The remaining blocks in the flow chart are self-explanatory or
are similar to those mentioned above and will not be discussed. The
transfer of the flow chart to a form acceptakble to a digital computer
is the second step in the construction of the model.

The Computer Program

The details for the compilation of the computer program will not
be discussed here. The procedure is similar tc that of other languages
and is covered thoroughly in (25). Appendix A contains a printout of
the completed program. The control cards required at the beginning and
end of the program are given in (25, p. 95) for both the IBM 7040 and
7094. The 7094 was used in this research because of availability and
because running time is three to four times lower than that of the
70u0."

Upon completion of the model, certain assumptions must be made
about its relaticen with the real world system. That is, the mathe-
matical functiocns and parameters which are necessary to adequately

represent the action cf the environment on the system and the subsequent

reaction of the system to the environment must be determined. In this

“An estimate given by Mr. 3teve Lane, an IBM Systems engineer,
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first phase, particular functions and particular parameter values were
selected to approximate actual events. Although empirical data are
available, they are classified and inclusion in this thesis is there-
fore impossible. Another point to be made here is that the parameters
and distributions would vary between message centers in the communica-
tion system. The distributions, arrival rates, precedences, etc., are
all functions of the particular tacticzl and logistical units the
Communication Center is supporting. The preobability that two or more
Communication Centers are supporting exactly the same type of units
would be relatively small when considering the many different organi-
zations within the Army area.

The primary objective of this first phase is the construction
of a basic model which will later be used in a detailed study of the
message center's behavior under changing conditions. The value of the
parameters and the forms of the distributions are unimportant at this
poiﬁt; however, in Phase II (experimentation) they will be altered to
provide a more general analysis.

Included in Phase I of the procedure is the validation of the
model. In this discussion specific results of the initial computer
run are referenced so that certain conclusions can be made regarding
the acceptability of the model for further experimentation. These
results and conclusicns afe related to those iIn the following chapters
only in that they use the same basic model for the generation of data.

The initial computer run (the program of the basic model and

the resulting data) is contained in Appendix A. To eliminate transient
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effects, 200 transactions were processed through the model to reach

W

steady-state conditions. Then all queue entry counts and facility

oty X
ww

counts were reset to the current value and all accumulated sta-
tistics were reset to zero. One thousand transactions were then
processed to yield the results for the test of the model. Of particular
significance are the transit times for various types of messages (see
Figure 13). It is evident that the lower the precedence the longer
the message remains in the system. This is expected since the model
is designed to process higher precedence messages prior to those with
a lower precedence., Further inspection shows that classified messages
remain in the system longer than unclassified messages. The main
reason for this 1s the fact that the task cof encrypting a message is
an added step in prcocessing and it requires considerably more times

as a result, the waiting time in the queue (Queue 5) is high compared
to the other queues.

In this test the mean processing time for each type of message
is well within the criteria established as a guide for message center
personnel. Table 2 indicates the time required for particular types
of messages to be processed, i.e., the time elapsed from receipt at
the criginating message center to delivery to the addressee. The time
for processing at the originating message center is generzlly accepted

at 75 per cent of these values and is listed in Table 3.

3,

A cumulative count of transactions.

St
A cumulative count of transactions entering the facilities.
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Table 2. Maximum Mean Processing Times

PRECEDENCE SPEED OF
PRECEDENCE NUMBER SERVICE
FLASH L As fast as possible
IMMEDTIATE 3 30 Minutes tc cne hour
PRIORITY 2 1l - 5 Hours
ROUTINE 1 3 - 8 Hours

Table 3. Maximum Mean Transit Times

PRECEDENCE SPEED QF
PRECEDENCE NUMBER SERVICE *%
FLASH 4 As fast as humanly poss: "=
IMMEDIATE 3 Not more than 45 minutes
PRIORITY 2 Not more than 3 hours and
L5 minutes
ROUTINE 1 Not more than & hours

Table 13 in Appendix A shows the transit times for the total of
1,000 messages. Of particular interest is the relatively high standard
deviation. As will be seen in later experiments, this is the case where
a large portion of the messages have a low precedence (50 per cent
Routine in this model). Morse explains this for a two-priority system
(31, pp. 128-133) as being the result of increased delay times for the

non-priority transacticns. This occurrence is more evident when

“This table was extracted, in part, fram (24, p. 449).

ot
wan

The maximum acceptable mean service time for the processing
of messages within the originating message center.
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considering the coefficient of variation (standard deviation *+ mean)
for the transit times of each precedence (Figure 14). This indicates
that even though the mean increases for the lower precedences, the
standard deviation Increases at a faster rate.

Phase I of the procedure is thus described. The model was con-
structed and tested, and It performed in a manner acceptable as an
approximation to a real world system operating under similar cenditions.
Thig validation is subjective, and it is largely based on the experience

of the researcher.

Experimentation: Phase II

It clarifies the procedure if, at this point, the cbiectives
are restated in terms c¢f what the Army Signal Cfficer must know about
the system and the envircmment prior to committing a Communication
Center to an area of respensibility. Ideally, this information is:

1. The expected time between arrivals for messages entering
the message center along with an estimate of an approximate probability
distribution.

2. The percentage cf messages that are classified.

3. The precedence mix,

4. The organization of the message center, i.e., the personnel

o

and equipment available tc the Message Center Officer.

“This information is usually available in the appropriate TOE;
however, there are other documents the Signal Cfficer must consult.
In this case, a very important report is an equipment status report
which lists all authorized equipment, and, in addition, serviceable
and unserviceable equipment for particular units, Therefore, even
though a message center is authorized certain items, they may not all
be available.
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5. An estimate of the ability of the message center to process
the input within the criteria established in Table 3,

Paragraph 5 above is a succinct statement of the objective of
the thesis. By using the model constructed in Phase I and varying
the input (determined by 1, 2, and 3 above) the ability of a particular
organization to effectively* process messages (under the stated condi-
tions) can be approximated.

To insure a thorough understanding of the relationships which
affect the input in a particular environment and the values they wiil
assume in the ensuing experiments, consider the following:

1. Distribution of interarrival times: The assumption has been
made that the interarrival times are independent random variables.
described by some probability distribution. For this research the
Gamma density funection

f(t) = f%;T (At)r-l e_kt for t > ©

and £{t) = 0 for t 2 0,
was chosen to approximate the interarrival times. This is a two-

parameter family of curves where r is the shape parameter and A Is the

scale parameter. The mean is E(t) = %3 and the variance is V(t) = %L

“The term effectively or effective i1s used throughout this thesis
to describe the ability of the system to process messages. The system
is considered to be operating effectively if the mean processing times
are within the criteria specified in Table 3, and is considered to be
operating ineffectively if the mean processing times exceed these
criteria.
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{2, p. 84). When r = 1, the gamma distribution becomes the exponential
distribution., When r is a positive integer, the Gamma is identical to
the EBrlang distribution (32, p. 88). This is an important concept
since the distribution function of the Gamma does not exist in closed
form. Therefore, to generate Gamma random variates, generate Erlang

variables by summing r independent exponential variates, tys t t

2, ey

each with the same expected value, 1/X. The Gamma variate can then be

expressed as,

t = 1/A 1, + 1/2 t

1

T
pr A =1 ]t
1=1

where each ti is randomly selected from the exponential distribution

-t.
function, F(ti) =1-e .

F(ti) is assigned a random number RN,
0 < RN < 1 and each ti is calculated from ti = £n[1-RN], the inverse
function.

The generation of these variates in GPSS III turns out to be
a relatively simple process. Specifying two exponential distribution
funetions as Fl(t) and Fz(t) and multiplying each value in these func-
tions by a multiple of 10, say 103, so that all values are integersw
we develop twe associated functions (call them Gl(t) and GQ(t)). Next,
define a variable (Vl) aS.Vl = Gl(t) + G?(t) {for the case where
r = 2).

v,

“A11 arithmetical operations in variable statements in GPSS ITI
truncate numbers to the nearest integer prior to performing the desig-
nated operation (25, p. 56). Therefore, to maintain an acceptable
accuracy, these numbers are changed to integers.
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Using V. as the input to another function, say H{t), where

i
H{t) = Vl + 1000, we have a linear transformation back to decimal
values. H(t) is then used as input to the GENERATE block in the crea-

tion of interarrival times for messages entering the system. The

sequence of operaticns in the GPSS II1 language is:

1 FUNCTION EN1, Cu48 Gl(t) = integer values of Fl(t)
2 TUNCTION RN1l, Cug Gz(t) = Integer values of Fz(t)
1 VARIABLE FN1 + FNZ2 Gl(t) + GQ(t)
3 FUNCTION V1, C36 H(t) = v, # 1000

GENERATE 1/, FN3 1/} = E(t) t v

If it is desired to increase r, to say 5, then additicnal vari-

able statements can be defined as:

1 VARIABLE  FN1 + FN2 + V2
2 VARTABLE  FN1 + FN2 + V3

3 VARIABLE FN1

The alteration of » produces a change in the shape cof the Gamma
distributicn so that by changing either E(t) or V(t), or both, and

calculating

(B(1))?
T v(t)
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a wide variety of distributions can be simulated (2, p. 72).

2. Percentage of messages which are classified: By varying
the percentage of messages which are classified,only three facilities
in the message center are affected. These are facilities 3 and &
which cut teletype tapes for unclassified messages, and facility 5
which cuts teletype tapes for classified messages. However, as will
be seen in the following chapter, the system is extremely sensitive
to changes in this parameter.

3. The precedence mix: Morse states {31, p. 132)

« . impositicn of priorities increases the mean number

of non-priority units present and makes their average wait

in line longer, whereas it usually shortens the queue and

delay of the priority item. If the overriding requirement

is to reduce delay for one particular class of unit, then

this class should be given priority.
This is the Army's reascn for assigning precedences to messages; that
is, to shorten delay times for certain types of messages. This thesis
is not necessarily ccncerned with shorter delay times, but rather the
increased delay times of the low precedence messages and the effect
they have on the cperation of the system.

The combinations involved in varying the above parameters are
infinite; therefore, only a few were chosen to provide a representation
of the total. For the remainder of this thesis, let the following
represent the parameters indicated:

1. E(t) = mean value of the time between arrival of messages to

the message center.

2, r shape parameter for the Gamma Distribution.

W
b
1

scale parameter of the Gamma Distribution.
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ratic of classified messages.
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a particular precedence mix and P = (F, I, P, R)
where F, I, P, and R are the ratics of ¥Flash, Immediate, Priority and
Routine messages, respectively, and F + I + P + R = 1.0,

Experiment 1

The first experiment conducted was made to test the effects of
varying r and C on the transit times of messages with specific prece-
dences. The shape parameter, r, was given five different values (1,
2, 4, 5, 10), and C three values (0.2, 0.3, 0.4). P was varied over a
wider range and the values are listed in Table 8, Appendix E.

For ease in identifying the many computer runs invelved, let a
particular run be designated by "test (i,j) Model n'" where i ig the
ith value of r, 3 is the jth value of C and n is the model number
listed in Table 8. A particular run could be dencted by Test 43 Model

10, where r = 5, C = 0.4, and P = (0.25, 0, ©.75, O).

Experiment 2

Ixperiment 2 was designed to test the effects of varying P on
the transit times of messages. Here r was held censtant (r = 1), C was
given the same values as in the preceding experiment and P was given the
values listed in Table 9, Appendix E.

Experiment 3

To test the null hypothesis that there are no effects from vary-
ing ¢ and P, Experiment 3 was designed to analyze the variance of the
transit times for the different types of messages. The experiment is
shown in Figure 15. It is a randomized block design where the Model to

he tested is
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= u+ PM, + P, + C,_+ CM. + PMP., + PMC,
i 7 ij i

K 1 ¥ PMCMil + PC.. +

K 3kim K 3k

PCM,. + CCM + PMPCi.

31 1l Sk + PMPCMi.

+ PMCCHM, + PCCM, +
il 1

Kkl ikl

PMPCCMijkl € gam
where PMi is the particular precedence mix in which an observation falls
and CMl is the classification mix. For instance, the mean transit time
for a group of observations, where the messages in the group were
selected from a peopulation in which the percentage of Flash messages

was between zero and 24 per cent, and from which 60 per cent were un-
classified, would go into cell 1 =1, J =1, k=1, 1 =1, or the cell
in the upper left corner of Figure 15. Since the observations were mean
times, the distribution of the values in each cell is normal by the
Central Limit theorem (43, p. 155). For this experiment four replica-
tions were made for each cell with each replication giving the average

value from a particular computer rumn.

Experiment 4

Lxperiment 4 was designed as an attempt to construct a predictive
model for the times the various messages spend in the system. Two
types of probability distributions, lognormal, and Weibull were selected
to fit the distribution éf the observed data. The purpose of this was
to establish some correspondence between the input and the ocutput.
Table 10¢, Appendix E, contalins the values of the parameters that were

used.
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Experiment 5

The last experiment was conducted to determine the effects of
reducing the mean Interarrival times to further determine the point at
which additicnal facilities would be required to process the additional
messages in the system. The following parameters and theilr values were
held constant throughout this test:

1. » =2

2. F

14

(0.05, 0.10, 0.35, 0.50)
The mean interarrival time E(t) = r/) was given the following values:
380, 300, 240, 180, 120 and 60 seconds. The percentage of classified
messages was 30, 60, and 90 per cent. The number of facilities for
processing classified messages was increased in each test by one until
a maximum of four was reached. Because of the physical limitations of
the equipment invelved, no more than four classified facilities can be
employed (24, p. 331). For cases where more facilities are required,
another complete Communication Center or a different type of unit would
have to be committed.

A variation of Experiment 5 was used to determine the effect
of changing an unclassified facility to a classified one when the mean
processing time for classified messages reached a certaln point (180
min.). Though this procedure is not feasible in practice, the results
proved Interesting as will be seen in Chapter IV.

In Phase II a tetal of 535 models were processed through the IEM
7084 system, a number considered sufficiently large tc make valid con-

clusions concerning the operation of the system.
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CHAFTER IV
RESULTS

The objective is tc determine the point at which the basic
modeled system becomes unacceptable given ce?tain operating conditions.
As stated earlier, this is.the point where the mean transit time of a
particular type of message (Flash, Immediate, etc.) exceeds the cri-

teria established in Table 3.

Experiment 1

The results of Experiment 1, variation of r, C and P are con-
tained in Tables 11 through 25 in Appendix E. These tables list the
mean transit times by precedence for each value of r and C used. The
values of the parameters used in this experiment are those listed in
Tabie 8.

The mean values of the mean transit timeé for each precedence
and each test and trial are contained in Table 26, Appendix E. A
graphical representation of these values 1is depicted in Figures 16
through 20. Here it is obvious that the reascon for congestion in each
test (each valuve of r) is caused by increasing C; and further, the
precedence which is affected is Routine (precedence Number 1)}. Figure
21 is a graph of the means of each precedence cver the three trials
(values of C). These values are contained in Table 27, Appendix E.

The effects caused by varying r can be seen. Although there is some
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varilance between each r, the major difference is between precedences,
particularly between Priority and Routine. Therefore, when congestion
does occur, it is generally caused by an increase in transit times for
Priority and Routine messages. Morse (31, p. 126} shows, for the case
of two priorities, that the reascn for this is increased delay times
for the non-priority item. Since it has been determined that increasing
the percentage of classified messages in the system increases the
transit times for particular types of messages, then the additional
delay must be caused by the classified message facility. In the model,
this is Service 5. If the mean waiting time is computed for each test
and trial for messages entering Queue 5 (Table 28, Appendix E) and then
graphed (Figure 22), the origin of the delay is evident. In comparing
the mean waiting times in the unclassified facilities (Service 3 and 4)
with that cf Service 5 for the case where C = (0.4, the difference is

even more obvious (Figure 23).

Experiment 2

Experiment 2 described in Chapter IJI was used to generate data
to determine the peint that particular precedences exceed the criteria
specified in Table 3. The mean transit times for each precedence in
each model were examined and those that were not less than the maximum
allowable are tabulated and discussed as follows:

1. Table 29, Appendix E, contains the process times that were
unacceptable when C = 0.2. In each case it was the concentration of
Flash messages that caused the additicnal delay. The system was not

saturated; in fact, the utilization of any one facility did not exceed
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81 per cent in all three models.

2. When C was increased to 0.3, a total of 21 models were found
to be unacceptable. Table 30, Appendix E, lists these models and the
transit %imes for the precedence indicated. The excessive delays in
the first seven mcdels in the table were caused by 100 per cent utili-
zation of Service 5 (classified tape facility). In each model it was
the transit times of the Routine (the lowest' precedence)} messages that
were unacceptable, and in each case the cause can be traced tc the
saturation of Service 5. Morse shows (31, p. 125) that for a two-
pricrity system the mean waiting time for pricrity units is finite as
the utilization of the facility approaches unity, but is infinite for
the non-priority unit. It appears, then, that the excess delay times
for the low priority units is caused by one or mere of the facilities
being saturated. This is not the only reason, however, Model 66 in
Table 30, Appendix L, shows that the mean transit time for Routine
meséages is 686 minutes, but the maximum utilization of any one facility
iz only 96 per cent (Service 5). This model has a low percentage of
Routine messages, and Table 9, Appendix E, indicates that there are
several others. The reason the others are acceptable and Model 68 is
not lies in a deficiency in the basic model. For example, consider
Model 29 where P = (0, 0.2, 0.75, 0.05) and C = 0.3. Theoretically,

50 Routine messages should have been generated and of these 15 shouid
have been classified and processed through Service 5. The computer run
shows that 30 wevre processed and none of thesé were classified. This

indicates that all classified Routine messages were detained at Service
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5 and were unable to cbtain the facility because higher precedence
messages were being processed., The utilization of Service 5 was

99,9 per cent,and the average contents of the queue preceding it was
35. Therefore, it is likely that there was never an Iinstance when a
Routine message could enter the facility. The only inference that will
be drawn from this cobservation is to reject these computer runs since
there is evidence that the sample taken is not structured to be repre-
sentative of the population. The remaining models in Table 30 were
not acceptable because of excessive delay times in the Flash and
Immediate precedences. As mentioned above, this was not caused by
general saturation, but rather by an increase in waiting times
experienced by the concentration of each of the higher precedences.

3. Table 31, Appendix E, lists those models with transit times
in excess of the criterion when C was Increased to 0.4. All but a very
few of the models were unacceptable at this level. Those that did not
meet the specifications fell into two categories:

a. The experiment was rejected because, as shown above, the
sample was not representative.

b. The precedences were evenly distributed, i.e., the values of
F, I, P, R were approximately equal.

Those that did not meet the specifications also fell into two
categories:

a. Service 5 was saturated, or approaching saturation, thereby
causing congestion and excessive waiting times' in Queue 5.

b. The concentration of Flash and Immediate messages was high;
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hence, their waiting times were increased at each facility.

Experiment 3

Experiment 3, the analysis of variance experiment menticned in
the preceding chapter, was designed to test the significance of varying
the precedences and classifications. The results of the experiment
are contained in Appendix B. Of particular interest here are the main
effects, the percentage of the precedences, fhe precedences, the per-
centage of classification and the classification. Each main effect was
found to be significant. The inference can be drawn that by varying
any one of these in the input to the system some significant effect
will be realized in the output. It shculd be noted here that although
the effect of PMi (precedence mix) is significant, its effect is small

compared to Pj’ Ck’ and CMl'

Experiment 4

Experiment 4 was conducted tc determine if there is any cor-
respondence between the input and the cumulative probability distribu-
tion of the transit times of the messages through the system. Two
theoretical distribution functions were used to model the transit times.
Leg-normal

The log-normal distribition produced unsatisfactory results.

When testing the hypothesis that the distribution of the transit times
were log-normal, the hypothesis was rejected because the confidence
limits (level of significance, 0.05) was exceeded in every case tested.
The goodness of fit test used in testing the hypothesis was the

Kolmogerov-Smirnov or "d-test' (2, p. 168).
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Weibull

The results using the Weibull distribution function,

g
P(t) = 1 - e~t /o

where a is the scale parameter, and B the shape parameter (2, p. 162),
were more rewarding (Appendix C).

To obtain estimates of o and B Weibull probability paper was
used. The procedure for making these estimates is contained in (28).
Since the observed data were not in the form required for the use of
Weibull probability paper, it was necessary to calculate corrected

plotting positions (40). If we let:

ti = corrected plotting time
n, = number of messages in the time interval
t, = time of readout

'ti-l = time of previous readout

then

To better linearize the Weibull plot a correction factor, y, was

computed where ; = %l' Each ti was then adjusted by subtracting ;

where %i = ti -t The corrected data are plotted and, if the

B
hypothesis is true, they should approximate a straight line. The

characteristics of the line contain the information necessary to
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estimate @ and R. Its Intersection with the principal ordinate is
Zn o (natural logarithm of @) and its slope is B.

To test the hypothesis that the data was distributed according
to the Weibull distribution, a computer program for the Burroughs 220
system was written (Appendix D) where again the Kolmogorov-Smirnov
goodness of fit test was used with a level of significance of 0.05.
In every case tested the hypothesis was not rejected.

It was not the primary cobjective of this thesis to construct
a predictive model. This was done only to investigate the feasibility
of a general model to predict output, given the values of the parameters
in the input. There is not much difference between the values of a and
8 in the first eight models where C and r are constant and P is varied;
in faet, in five of those models the a and 8 walues are identical. 1In
the remaining models both C and r were varied and P was held constant.
The change in o« and R appears to be caused by the change in the values
of C'rather than r. This substantiates the results of the first experi-
ment where the mean transit times were compared for different values
of r and C,and it was found that some change resulted for different
values of r; however, the primary significance was noted between the

values of C.

Experiment 5

Experiment 5 was constructed to eliminate the congestion at
Service 5 by increasing the number of tape cutting facilities. The
experiment was conducted under the conditions noted in the preceding

chapter. The results are contained in Tables 33 through 41 in Appendix
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E. When there are two classified tape facilities in the system and
when C = 0.3, the system is acceptable until E(t) approaches 120
seconds. At that time, not only do the classified tape facilities
become saturated, but also the unclassified tape facilities (3 and u).
When C 1s increased to 0.6, the system becomes saturated at E(t) =

240 seconds; and as C 1s further Increased tc 0.9, the system Is
unacceptable at E(t) = 360.seconds. The system dces nct reach opera-
ticnal effectiveness through the installation of an additional
facility (total of three) when C = 0.3, In this case, it would be
necessary to add ancther unclassified unit. When C is increased to
0.6, saturation is reached as E(t) approaches 120 seconds. This is a
reduction of 2 minutes in the interarrival times of the two-facility
situation above, When C = 0.9, the system is acceptable until E(t)
approaches 300 seconds. With a total of four classified tape facili-
ties, the system beccmes saturated at: E{t) = 120 seconds for C = 0.3;
E(t)rseconds for C = 0.06; and E(t) = 180 seconds for C = 0.9,

The capability of the system to effectively.process messages under
the above conditions is attained through the addition of more classi-
fied tape facilities. Ancther experiment was conducted along these same
lines to determine the effect of using a floating facility, i.e., a
facility that could be used for both classified and unclassified message
traffic. This is not feasible in practice because the two facilitles
are normally located in separate areas of the Communication Center, and
the movement of eguipment back and forth between them is not practical.

The results of the experiment were interesting, however, in that C was
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increased to 0.6 (when E(t) = 360 seconds) before the system became
saturated. Though this is not as good as the addition of another
facility, it would represent a savings in equipment. If the situation
were to afise where the unclassified and classified processing units
were housed in the same enclosure,* this would be a definite advantage,

particularly where equipment shortages exist.

& !

The placement of unclassified and classified facilities in the
same area is not desirable due to the increased probability of proces-
sing a classified message through the unclassified unit.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Introduction

In the preceding chapters, each experiment was-designed to test
the effects of varying one br more of the parameter values on the
transit times of the various types of messages.

In Experiment 1, it was found that as the percentage of classi-
fied messages (C) approached 40, the system became saturated due to the
increased waiting time for classified Routine messages at Service 5.

It was also found that by varying the shape parameter {(r) of the distri-
bution of the interarrival times of incoming messages, the resulting
transit times were not affected to the extent they were when C was
varied.

Experiment 2 showed that as the percentage of Flash and Immediate
messages was increased, the system became saturated due to increased
waiting times caused by the high concentration of these messages in the
system. It was also found that as C was increased from 0.2 to 0.3 the
combination of ¥ + I > 0.70 caused the system to be saturated because
of excessive delay times for Flash and Immediate messages. When C = 0,2
only Flash messages were affected and then only when F > 0.80. When
C was increased to 0.4, almost all models in the experiment were found
to be unacceptable. The only exception was where F, I, P, and R were

evenly distributed. It was also noted that generally the reason for
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excessive delay times for Priority and Routine messages was caused by
the saturation of Service 5 (100 per cent utilization), whereas it was
due to the high density of Flash and Immediate messages when these

two precedences were the cause for non-acceptability.

Experiment 3 showed that the effect of varying precedence mix or
classification mix is significant at a significance level of 5 per cent.
Though Experiment 4 provided no conclusive evidence on the
existence of a general distribution function for transit times, it did
substantiate previous experiments by showing that the parameters of the

distributions were different when C was varied.

By increasing the number of classified tape cutting facilities,
it was found in Experiment 5 that for a particular value of r and P,
the values of C could be increased considerably before saturation
developed due to an increase of messages in the system.

With these observations, certain conclusions can be made regard-

ing the assignment of personnel and equipment to a particular detail.

Conclusions

1. The standard authorization of personnel and equipment (the
basic model) can effectively process messages if the value of the
parameters are within the ranges specified in Table 4,

2. With the addition of one classified tape cutting facility,
the system can effectively process messages if the parameters are
within the values specified in Table 5,

3. With the addition of two classified tape cutting facilities,

the system can effectively process messages if the parameters are within



Table 4. Limitations on Parameters for the Basic Model
E(t) r c T I Pr R
2360 1 <0,2 <0.8 NR* NR NR
2360 >1 <0.3 F+1<0.65 Pr+R<0.85
2360 >1 <0.4 0.2520.10 0.25%0.10 0.25%0.10 0.25%0.10

Table 5.

W
No restriction.

Limitations on Parameters with the Addition
of One Classified Tape Cutting Facility

E(t)

300
180

E(t)
E(t)

A TA

VOIA A

360
360
360

LA AV AV
=

A ITA LA

0.860
0.30
0.80

a3
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the values specified in Table 6.

4., With the addition of three classified tape cutting facilities
the system can effectively process messages if the parameters are within
the values specified in Table 7.

With these tables the Army Signal Officer can make definite
statements about the ability of a message center to function effectively

under given conditiocns.

Recommendations

If portions of this topic are considered for further study, the
researcher should try to avoid the fellowing pitfalls that were
encountered in this thesis:

1. When employing GPSS ITI, use the smallest time units (within
limits) available for the random variable under ccnsideration. In this
thesis, in actuality, Experiment 2 was conducted prior to Experiment 1,
and minutes were used for the time units of the random variable time.
After Experiment 2 was completed, it was found that the GENERATE block
truncated the interarrival times to the lowest integer, i.e., rounds
down. The time between arrivals is then lower than it should be by a
maximum of 0.999 minutes. This obviously reduces the accuracy of the
experiment particularly when E(t) is relatively small (less than ten
minutes). In Experiment 1, and all experiments conducted after Experi-
ment 2, seconds were uged and this effect was largely eliminated.

2. The error produced by the failure to process low precedence
messages as the system approaches saturation was compensated for in this

study by disregarding the data completely. Further investigation of



Table 6. Limitations on Parameters with the Addition

of Two Classified Tape Cutting Facilities

E(t) r C
180 < E(t) < 360 > 1 < 0.3
180 < E(t) < 360 > 1 < 0.60
> 360 > 1 < 0.90
Table 7. Limitations on Parameters with the Addition
of Three Classified Tape Cutting Facilities

E(t) r C
180 ¢ E(t) < 360 > 1 < 0.30
180 ¢ E(t) < 360 > 1 < 0.60
240 < E{t) < 360 > 1 < 0.90

85
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this problem is recommended.

3. Where computer time is critical, GPSS III is limited in
application. The total computer time required on the IBM 7084 for
the completion of Experiment 1, for example, was approximately 450
minutes or 7.5 hours. This is running time. It does not include
set-up or input-output time.

The assumption was made in conducting this research that all
teletypewriter systems were full-duplex, i.e., can transmit and receive
messages simultaneously. Though this assumpticon would not appreciably
affect the operation of a message center as small as the one studied
here, it would have a decided effect on & larger message center where a
teletypewriter switching central* is emplayed. If such a study were
undertaken, the input to the central could be determined from the output

of the model used in this research by tabulating the time between

termination of messages rather than transit times.

v,

A teletypewriter switching central is a switchboard used for
routine teletype traffic. All circuits entering the central must be
half-duplex, i.e., transmit or receive, but not simultaneously.
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T - - GPSS 11T ASSEMRLY INPUT PACE 1
o T BLUCK
NUMRER +L0C NAME ByBsC o5 E COMMENTS
» SIMULATE _ o . o o
- T "# 7 THEGINNTNG OF MODEL 10
1 FUNCTION  RN1,L24 CXPORENT [AL c:smluuum FCR BRR[VALY
- h T~ o T T 7T J1es .20 L2223 .35 . b .54 5T .88
W6 915 T 1.2 .75 1.38 .4 1.a .84 1.83 .88  2.12
. e 2.3 12 Z.52 %4 Z.81 .95 Z.99 .96 3.2 .97
: .58 3.9 .99 4.6 .99 5.3  .998 £,2  .999 ¥ _ 49997 8 )
- - T 2 FUNCTINON — RN1,D4 CISTRIBUTICK FOR PRECECENCES -
LG5 4 15 3 .5 Z _1.0 L o o o
B B 73 FUNCTIDN c2.:02 FEAM TLME FCOF SERVICE 2
r 3 1000 2
TTFURLTTON  C3,0% T FEAN TIFE FCR SERVICE 3
8 ) 9 7 10 [ i1 5 1000 4
- 5 FUNCTION™ RN1,D2 FESSAGE CLASSIFICATION ~
. 1 1.0 2
T & FUNETION™ RN1,D3 FESSAGE DESTINATICN 7 T T
o4 39 .7 45 1 51
T FUNCTTON  RN1,D2 VETSEGE CCASSTFICAYTICH FCR FLASH -
.55 1 1.0 o o o
) T 7 GENEAATE  &4FNIL CREATE INCOMING MESSAGES T I
H QUELE Lal JOIN GUELE | TN AKALT SERVIGE
- 3 SELZET T 1 GET SERVICF 1 oo
4 DEPART 1,1 CEPART FROM (UEUE 1
5 ANVANCE T+ FNT SEAVICE LT
3 ASSIGH 33 FNZ ASSIGN PRECECENCES TQ PARAMETER 2
- - T B PATCRITY ~ P2 ASSIGh PRECECENCES ~~ ~ 7 7 _
[] RELEASE 1 HELEASE SERVICE 1
g - TGUELET Zal JOIM QUELE 2 T0 AWAIT SERVICE - -
10 PREEMPT 2 INTERRUPT LCWER PRIDRITY MESSAGES
T1 —DEPERT 7ol T CEPBRY FAGH (LEUE 2
12 AUV ANCE FN3,FN1 SERVICE 2
- 13 TTEST GE ~ P3,K4+A5GNC SEND FLASH TC CLASSIFICATICN ASSTGNMENT &
14 ASSIGN 1sFN7 ASSIGN CLASSIFICATION TO FLASH
T 1% TRANSFER ~ ,ASGND SEND FLASH TC DESTINATION ASSIGNMENT -
16 B5GAL ASSIGN 1,FNS assuw CLASSIFICATION TO OTHERS
- T7 A5GRD ASSIGR ZFNG SYTRETTON
18 JETURN F4 I.EAVE SERVICE 2
’) 19 TEST NE PL.K2+CLAS SEPARATE BY CLASSIFTCATION = -
2n TEST GE G4s@3,0THER SEND TO G4 IF Q3 GREATER THAR Q4
) 71 T UuUEVLE B JOIN QUELE 3~ 7 - -
22 PREEMPT 3 INFERRUPT LCWER PRIORITY MESSAGES
Z3 BEPART T GFFART FAOA GLEUE 3
24 ADVANCE FH4FN SERVICE 3
T 25 RETURN ~ 73 LEAVF SERVICE 3 B - T T T —
26 TRANSFER %2 SEND TC WMITTING POINT PER PRRAMETER 2
T T F¥ T T CYHER QUEUE” 4 JOIN'QUEUE 3710 AWATT SEAV
28 PREEMPT 4 INFERRUPT LCWER PRICRITY MESSAGES
i DEP AT .1~ 77" TEWKRT FROF CUEUE &
30 ADVANCE FN4,FN1 SERVICE 4
T TTOT T 31 T T T T RETUAN TR LEAVE SEAVICE 4 N -
32 TRAASFER 42 SEND TQ xMITTING PCIWT PER PIRAMETER 2
13 CLAS GHUELE ~ % JOTN QUEUE 5 Tor AWAIT SFRVICE ~
34 PREEMPT 5 INTEARUPT LCWER PRIORITY MESSAGES
15 DEPART 51T CEPENT FROW (CECGE 5
. 36 ADVANCE  20,FNI SERVICE 5§ ) ~ -
37 RETURN 3 LEAVE SERVICE 5
38 TRANSFER  4#2 SEND TO XMITTING PCIMT PER PARAMEYER 2
19 B QUELE 6yl JOIN QUELE & ’
40 PREEMPT [ INTERRUPT LCWER PRIORITY MESSAGES ~ -
_ 41 DEPART 6y 1 CEPART FRCM {LEUE &
52 ADVANCE ~ b,FNIL SERVICF ¢ - -
43 RETURN & LEAVE SERVICE &
) TRANSFER  ,TABL SEND TQ TABULATE
N 45 GUEYE 7,1 _ JOIN QUELE 7 TO AWALT SERVICE
46 PHEFMPT 7 IRTERRUPT LCKER PRICRITY MESSAGER — N
47 DERART CTat _ _ EEPART FROM QUEVE T
48 ADVANCE 8,FNI1 SERVICE 7 - -
49 RETURN 7 LEAVE SERVICE 7
50 TRANSFER 4 TABL SEND TO TABLLATE
) . 51 _ GUELE 8 _ JOIN QUELE 8 TO AWALT SERVICE
52 PREEMPT [ INTERRUPT LUCWER PRIDRTTY MESSAGES - T
53 CEPART 8 _LEPART FROM CLEUE 8
- 54 ADVANCE b,FN1 SERVICE ¢ c - T
5% RETLRN [} LEAVE SERVICE 8
BE TRARSFCR  TAR] SEND TO TABULATE
) 57 _ TaB1_ YEST ME P3,K4,FLASH SEPARATE FLASK MESSAGES
58 TEST NE ' P3,k3,IN¥ED SEPARATE [MWECTATE MESSAGES -
59 TEST NE P3,K2,PRICR_SEPARATE PRICRITY MESSAGES
&5 TEST NE~ ~ P3,KL4ROUTE SEPARATE ROUTINE MESSAGES ‘_
61 FLASH TEST Nf PL K2y TABLF SEPARATE FLASH CLASSIFIED
52 TABLLATE 1 TABULATE UNCLASSIFIED FLASH
63 TRANSFER ¢+ TABF SEND TO TABULATE TOTAL FLASH
64 TABLF TABULATE 2 TABULATE CLASSIFIED FLASH' -0 T -
65 TAHF  TABULATE 3 VARULATE TOTAL FLASH
L) TRANSFEH ™ TABT SEND TO TABLLATE TOTAL - -
67 IMMER TEST NE Pl K2, TABCT SEPARATE [FMEDIATE CULASSIFIEL
58 TABULATE 4 TAAULATE UNCLASSTFIED [WMEGIATE
69 TRANSFER _ +T1AB1 SEND TC TABULATE TOTAL IMMEDIATE __
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REMAINING FREQUENCIES ARE ALL ZERD

70 TABCD TABLLATE 5 TABULATE CLASSIFIED [MMEDIATE
- 71 14B1  TABLLATE 6 TABULATE TOTAL IMMEDIATE
D 3 T IHANSFER 2 TABT SEND TO TABULATE TCGTAL ~~ N ”
13 PRICR VEST NE Pl,K2, TABCP SEPARATE PRICRITY CLASSIFIED
— T4 TABLLATE 7 ’ T TABULATE UNCLASST RTTY
15 _ . TAANSFER LTaBP SEND TO TABULATE TOTAL PRIORITY
6 Taple TABULATE B TABULATE CLASSIFIED PRTORETY ~ ° - h )
o i TARP TARBULATE 9 TABULATE TOTAL PRICRITY
14 B TRANSFER  ,Tasl SEND TO TABULLATE TOTAL — - - N
79 ROUTE TEST NE P1,K2,TABCR SEPARATE RCUTINE CLASSIFIEC
B0 TABULATE 1D " TABULATE URCUASSTFIED RQUTINE
8l TRANSFER  ,TABR SEND TO TABULATE TOTAL ROUTIME
- 82 "TABCR TABULATE 11 TARULATE CLASSTFIED RAOUTINE - - -
84 TABR TaByLATE 12 TABULATE TOTAL ROLTINE
- B4 T1ABT  TABULATE 13 TABULATE TOTAL ~ ’ - - - -
A5 TERMINATE 1 REMOVE MESSACE FRCM SYSTEM
1 TABLE M1,0,5,302 - -
o - 7 TABLE _ ML,0,5,302
3 TARLE Mi, 045,302 T -0 T -
o _ 4 TABLE __ M1,0,5,302
5 TABLE M1,045,302
& TABLE M1,045,302
7 TABLE W1, 0, 94302
8 TABLE M1s045,302
S TABLE Pl Uy5,302 B T - -0 = 7
10 TABLE M1,04+ 5,302
- TT TABLE W1,0,y9,302 ) T I T T T - -
12 TABLE My 0,5,3C02
13 TABLE i, 0,5,302
START 200 TRANSIENT RUN
T 7 ORESETT T T T . - - o
START |oa0 ___FRODLCTICN RUN
CLOCK TIME 5490 64691
BLOCK CDUNTS BLDCK TRANS,TOTAL  BLODCK TRANS,TOTAL  RLOCK TRANS,TCTAL  BLOCK TRANS,TOTAL  ELCCK TRANS, TATAL
B ] Z 7 0., 100% S 737 g, Tod9 4 J, '1CC9 -5 0, 1009
3 0, 1009 7 C, 1009 ' 0, 1009 5 g, 1009 LC 0, loo9
T 7, 1009 T? U, 1009 17 T, 1010 T4 T, 5% s 0, 5%
16 o, 955 17 0, 101C 18 0, 1010 15 0. 1010 20 0, 81C
- T Il T &y w2U T 22 Gy 518 21 T, 5187 T2 1. S8 7 2% T, 518
26 0, GlH z7 4, 285 28 G, 245 29 o, 285 3C 1, 285
- T 1 b, 28% 32 0, 284 31 - 7, 200 T34 T T, U199 IS a, 199
36 Iy 199 3t Ge 195 38 a, 199 35 1, 138% 4G 0, 394
£ T, 35% LY TyIEE (3] U, 3B% %5 DR LE] L} Ty~ 795
45 0y 295 “7 g, 29t 48 0, 295 49 0, 295 50 Cy 295
° ° 51 Cy 327 52 0, 322 51 0, 372 7 54 Tl 32277 T 85 T "0, 3T
B 56 0, 21 57 0, 100¢ 58 0y 947 59 C, 850 60 0, 517
) T 5% T &2 a, 5 [} 0, 57 64 T Oy &5 0,573
&6 0y 53 67 C, 91 54 0., 80 69 0, 39 1 0, L7
T 0 97 72 0, AT T3 T, 133 % T, 263 5 Oy 267
76 o, 70 77 Oy 332 78 0, 333 75 9, 817 89 0, 407
T 8T 7 0. 40T a2 Oy 11C ai 0," 517 8% T 0., 1ot T 8% G, 1007
FACILLTY AVERAGE HUMBER AVERAGE SENLING PREMFTING
NUMBER UTILIZATION ENTRIES TIMESTRANS TRANS, NO. TRANS. WO, _ _ .
- T L1018 1009 .59 [3 [}
2 4570 1010 2.48 c [
3 L7168 519 T.58 [3 17
4 3TIC 285 1.15 I 1 . . _
5 L7058 200 19,38 [4 12
& L3476 3as 5,54 ot [ _ .
T 2954 795 5.50 4 a :
L] -3293 322 5,61 4 8
BUTUE MAX1HUM AVERAGE TOTAL ZERD PERCENT —~  AVERAGE T SAVERAGE THBLE CURRENT ~
NLMBER CONTENTS COMTENTS ENTRIES _ ENTRIES ¢ERDS TIMESTRANS T1ME FTRANS NUF BER CONTENTS
1 3 04 §Co9 905 86.7 .19 1.8€ e T [
H 10 u49 1009 563 55,8 2.64 5.,9€ o i
3 [} Y] 522 223 (RS 6.93 12.1€C 4 )
4 b + 2B 289 148 50.2 5034 10,94 o 4
5 14 2,05 201 54 26.4 56.10 1671 [ 2
& 6 .22 385 236 al.3 32 4.07 i 1
7 5 . 1B 295 208 70.5 M V-1 T1.07 T o
8 ] +29 32z 2ca b4, € 5.01 1412 c 0
$AVERAGE TIME/TRANS = AVERAGE TIME/TRANS EXCLUDING ZERO ENTRIES _ - -
TABLE NUMBER i
ENTRIES IN TABLE MEAN ARGUNENT STANEARD DEVIATICA SUM CF ARGLMENTS ~~  ° -
52 22.923 11.547 1192.0040 NON—WEIGF TED
UPPER DBSERVED PER CENT_ CUMLLATIVE  CUMULATIVE MULTIPLE DEVIATION
LINLT FRECUENRCY OF TOTAL PERCENTAGE REMATNDER OF MEAN FRCF MEAN
0 1 1.92 1.9 .e0c¢ -1.985
5 1 1.92 1.8 218 -1.552
10 3 5.77 9.6 243t -1.11%
15 9 17.31 ZE.9 L5654
20 10 19.23 4.2 _ .81z ) _ o
25 10 1%.23 5.4 1.091
30 5 962 _ . 15.0 1.30% _
35 B 15.38 9C.4 1.521
40 1 1.92 92.3 1.745
%5 1 1.92 94,2 1.943
50 1 1.92 96.2 2.181 -
55 1 1.92 T h 2.39% -
50 1 1.92 100,0 . 2.617
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TarLE KUMBES '3

FATRITY [N TABLE

MEAN ARGUMENT

"STANCARD DEVIATICA

T TSUM CF ARGLMENTS

91

1 43.000 o .CCO 43.000 NCN-WEIGHTED
UPPER CHSERVED PER CENF CUMLLATIVE CUMULATINE ~ MULTIPLE DEVIATION
R ¥ 1} | S FRECUENCY ™ 'AF TDraL PERCENTAGE REMAFNDER OF MEAMN FRCN MEAN
) 2 .00 <0 10g.0 .Q0¢ -.£00
- i ] 7 T.oo h .0 T 100 i TLITE Y 1]
10 0 .00 .4 100,40 .23 -.000
1) 0 .00 ] 100.0 345 —.ooh
z0 0 .00 .0 00,0 L4685 -.000
25 o T 7T T oo "0 106.8 5Bl =,000 -
39 0 _ .00 .0 B __100.9 . .t98 _ =.000
h EE] a L0 .0 1004 JBl4 -.000 -
40 o .00 .0 100.0 .93C =.000
LE) 1 100,00 1600 3 T.T&T ~o00
REMAINING FREQUENCTES ARE ALL ZERO _ = o L
VABLE NUMBER 3
TTENTRIES IN TABLE MEAN ARGUFERT STANCARD OEVIATICK SUF CF ARGUMENTS
53 23,302 11.7¢3 1235.000 KGh~WE LGHTEL
URPER CBSERVED _PER CENT CUMLLATIVE  CUMLLATIVE MULTIPLE DEVIATIGN
(WTIH FREGUENT Y ofF TOTAL PERCENTAGE REWATNCER OF MEAM FROV MEAN
0 1 1.89 1.9 . 98,1 3 .00C -1.981
3 1 1.89 3.8 94.2 215 —1.556
10 3 5.66 9.4 0.6 2525 -1,.131
15 ] 16.98 ° Zb.% T3.6 Y ~.T06
20 10 _ 1B.87 45,3 4.7 .85 -, 281
Z5 10 18.87 642 35.8 1.073 1a4
30 5 P43 13.6 . 26.4 _ 1.287 .569
35 8 15.09 BE,7 11.3 {.50% 994
&0 1 1.89 9.6 9.4 1.711 1.420
[T} H 3.77 4.3 N 1.930 T1.845
590 ] 1.89_ 9.2 3.8 _ _ 2.14¢ _2.2710
55 1 1.89 98.1 1.9 2.36C 2.695 -
50 1 .89 100.0 _ O 2,575 _ 3120
REMAIRING FREQUENCIES ARE ALL IERL
TARLE NUMRER & T - T - - -
ENTRIES IN TaBLE WEAN BAGUMERT "STANCARD DEVIATITA SUF CF ARGUMENTS
40 28,500 15,549 2280.000 NCN-WEIGFTEC
UPPER OBSERVED PER CENT CUMLLATIVE CUMLLATIVE MULTIPLE BEVLATION
TIRlT FRECUERCY OF TOTAL ~ '~ 7 PERCENTAGE ~ ~  REMAINDEA OF MEAR FRCF FEAN
g 0 .00 .0 100.0 £00¢ ~1.787
E) T T1.25 7 7 7 NETT T T %8.8 LTS T =1.413
10 3 3.75 £.0 95.0 2251 ~1.160
T3 12 15.00 FLN] B0.0 5FL =11
20 15 18.75 113 . #1.3 IR iH —-.533
Z5 B 15.00 48,7 51.% ikl BT
30 10 _12.50 61,2 ___ _ _ 3a.8 1.052 094
35 3 11.7% T5.5 FE M 1.27€ 408
40 & 5.00 7.5 22.5 1.404 .121
55 £ T3.00 B Y P 7.5 T.57% T.03%
50 5 6.25 91,71 b 1.754 L.348
LE] I .25 "~ 55,0 AP R - ): T+ £7-7-%- S
60 0 .00 95.0 5.0 2.105 1.915
65 T . a5 - 36,2 7T VL . P —
70 0 .00 96.2 1,8 2.45¢ 2.602
EE] 1] « 00 LI LML Z.632 2.015
80 2 2,50 98.1 1.2 2,801 1.229
- ) G : ] 1.25 10C.0 Y T 20987 - T3-T'Y
REMATNING FREQUENCTES ARE ALL 7ERD I
TABLE MUMBER 5
ENTRIZS IN TARLE MEAN ARGUMENT STANCARD DEVIATICN SUM CF ARGLNENTS -
17 47,941 23.1C7 815,000 MCN-WE IGFTED
UPPER CASERVED PER_CENT  CUMLLATIVE = GUMULATLIVE MULTIPLE DEVIATIQN
LIMET FRECUENCY OF TOTAL PERCENTAGE REMATNOER - TiF MEAR FRO¥ PEAN
i o +00 o 0 ~100.0 .04¢ -2.075
] © .00 +0 100.0 L1004 -1.85&
10 1 5.88 5.9 4.1 . 205 ~1.642
15 a ) 5.9 95,1 12 -1.426
20 1 5.88 1.8 898.2 417 -1.209
25 1 5.88 17.¢ 82.4 W521 T -.993 T
30 a 00 Ltee 82.4 62¢ —. 178
335 2 11.76 25.4 T0.4 . 73C ~.560
40 1 5,88 35.3 64.7 N:ED) ELL)
[} 7 . 7% 47,1 7.5 k1 = 1Z7
50 1 5.88 829 47.1 1.043 .089
55 2 11.76 64.7 315.3 1,447 L3057
o 60 k] 17.65 _ B2s4_ 17 1.252 .522
65 0 .00 824 1.35¢ Y XTI
10 3 5.88 88.2 L.46C .955
EE] [ . 00 82,2 T.564 T.171
80 0 .00 _ . sA.2 1.686% 1.387
85 ) 5.88 94.) 1.772 1604~ —
20 0 W00 94,1 L.877 1.820
95 ] .00 94,1 1.98% B 2,037 T
100 3 5,88 106.0 2,086 2.253
REMATNING FREQUENCIES ARE ALL 7ERC
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TAHLE KUMAER™ &

ERTRICS 1N FABLE =~ © TMEAN ARGUMENT STANCARD CEVIATICA SUM CF ARGLMENTS™
37 31.907 14.8c2 _ 2095.0CC NCN-MEIGHTED
UPPER CHSERVED PER CENT CUMLLATIVE CUMLLATIVE MULTIPLE DEVIATIGN
- LIMET  ~ FRECUENCY - DF TOTAL PERCENTAGE REPATNEER OF PEAR 77 TFHCKM MEAN
0 [¥] .00 .0 60,0 .goc -1.697
- T 5 1T 1.03 1.0 99.4 L1870 T -l.431
19 4 4.12 5.2 94,8 L3132 -1.165
[E] 17 12,37 17.5 82.5 X4 - R19
29 16 16449 34,0 66.0 021 -.633
Tt T 73 - % ~ 7 9.20 43.3 Sk, 7 T84 B Y A
30 10 10.31 53.6 46.4 . 9eC o =gp0l
B 35 11 - .34 64.9 35.1 1.C97 164
40 5 s.15 TC.1 29.9 1.254 4130
%3 TD 1G] S B.4 7 19 T31T LT
59 - & 6.19 BE.& 13.4 1.567 .962
- T 53 77 T3 T 3.08 5.7 10.3 .72« ~ = " T.izs © T
64 L] 3.09 92.8 1.2 1.R8C 1.494
- T T T &3 T T T 7T 1.03 93.8 6.2 z.031 o q.160
7C ] 1.03 9% .8 5.7 7.194 2,024
T3 1] .00 T 9%.8 5.2 . 351 FPYH
) 8o z 2,08 9.9 3.l E.501 2.558
- 85 ? 2.08 99.0 1.0 Ti.t64 T T 2JEET T
S0 0 00 95.0 1.0 2.821 3,090
- 95 B ' .00 95.0 i.0 ° 2.917 7 TA3%e T T T
10J 1 1,03 10c.0_ .0 2,134 2,022
TAEPATRTNG TRLGUENCIES BAT ALL ITRD T ’
'
TARLE KUMRER 7 - T ) B B - -~ T
ENTRICS TN TABLE FEAN ARGUMERT STANLARD DEVIATICA SUF CF ARGLMENTS -
253 26.973 _ 17.C52 1094.0¢0 NOA-WFIGHTED
UPPER CBSERVED _ PER CFNT CUMLLATIVE CUMULATIVE MuLTI1PLE DEVIATICH
LIATT FRECUEACY OF TOTAL PERCENTAGE REMAINDER OF MEAA FACF MEAN
o 1 .38 o4 99.6 _ _ _ _ .00C ~1.,582
3 T 2.66 1.0 91.0 .18% -1.289
10 25 9.5 . M2.5 _ 87.5 L3711 ~.995
13 41 15.59 Ze.1 71.9 L59¢ —.762
20 46 1T.49 45.6 S4.4 Y ) -.409 o
25 26 3. B9 56.5 44.5 L9271 -.118
33 20 __T.60 b3} 6.9 1.11% .177
EE) EL 11,41 14,5 25.5 1.29¢ A i}
40 1% 6,08 80.6 19.4 1.483 LG
%3 17 5.46 - T R 12.9 V1.66F L0857
50 | 4.18 91.3 - a.7 . 1.854 1.350
55 6 2.28 92.5 6.5 2.035 ° 1.644
60 7 _ 2.66 .2 1.8 24224 o V.t
65 2z .76 97.0 3.0 2.41C T2.2300 T T
76 4 1.52 98,5 1.5 2.598 2.523
Ta 1 +38 98.9 1.1 2.741 2,817
8 1 _ 95.2 . . 2.96¢ _ 3.110 -
EE) 0 96,2 . 3.151 3.403
30 o 9s.2 2,337 31.696
LE) 0 9%.2 AT T T Tls2T LT T R
100 0 99.2 .8 1,101 4,283
105 1 99.6 ') 3.833 4,578
_ 1e 0 99.8 a4 4,078 4. 869
. [TE] 1 106,0 N 4,263 5.162
__REMAINING FREQUENCIES ARE ALL ZERD B - o
TABLE NUMBER 8 -
ENTRICS IN TABLE MEAN ARGUMENT STANCARD DEVIATICN SUVM CF ARGUMENTS
10 S56.186 e ....35.9%0 : 3933,.00Q hON-REIGHTED
UPPER CRSERVED PER CENT CUMLLATIVE CUMULATEVE MULTIFLE DEVIATICN
NI FRECUFENCY DF TOTAL PERCENTAGE HEMATNMNER ~ aF MEAN " FRACM MEAN
0 0 .00 ! ] 100.0 .00¢ -1.543
E F3 2.86 2.9 ) P ) LCBS i BECYD)
10 1 1.43 LYY 95.7 .178 —1.285
15 3 4.29 I S 91.4 267 -1.T48
20 2 2.86 1l } 1Y -1.007
23 ] 5,71 17.1 KT ~ 867
30 3 1) 25.7 , 4.3 .54 ~.728 )
33 & 8.57 34,3 65,7 ’ h21 7 ~LSEF -
40 5 T.l4 0 41.4 58.6 W12 =450
%3 % T.1a 7 7T T REVe 1.4 Y] =311
50 3 4.29 52.9
5% E) T4 5C.0
&0 3 4.29 54,1
65 4 5,71 B 7C.0
70 2 2.76 T2.9
5 3 §.29 7.1
4o H 2.86 _8C.0
85 1 1.43 BYL.&
90 1 1.43 82.9
LE] T 1 1.43 L7
100 ] +00 84.3
To5 i o0 543
118 2 2.B6 AT.t B
115 2 .86 AR -1+ P
120 2 2.86 22,9
IZ% T TTToeY T T LI7S .
130 0 .00 94.3
T35 Z 7,56 FT.1
140 1 lo43 _98.6_
145 ] .00 98.6
150 "} +00 98.6
T 1,43 7 100,10

REMAINING FHEQUENCIES ARE ALL 2ERQ
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BHLE NUMARLR 9
ENTRIES W TABLE T 7 MEAN ARGUFENT STARCARD DEVIATICH " SUF CF ARGUMENTS ' -
3353 33.114% e __25.3c2 11027.,000 KCN-WEIGHTED
LUPPER ORSERVED _ PER CENT CUMLLATVIVE CUMULATIVE _ MULTIPLE DEVIATION N
- Limr FRECUENCY QF TOTAL PERCENTAGE REMALNDER OF MEAM FRCP MEAN
9 1 .30 .3 9%.7 . .00C o _-l.%09 .
- a 9 2.70 3.0 37.0 -151 -1.111
Lu 26 7.8 1.8 83.2 2302 -.914
15 44 13.721 Z4.0 T6.0 YE] —.TL6
20 LY N Y 1.4 Bl.6 L =t04 _~.518 .
- T T3S T s0 .01 “1.4 2.6 «35% -.321
1 : 26 1.8l 55,1 44,7  .90&  ~.123 _
- Tah 16 10.81 6.1 33.9 1.05% L0758
40 21 6,31 ) o T2.4 2748 1.20¢ 272
%5 I 6.61 15.4 V. 355 Yii
50 _ 14 4.20 83.2 1.51€C _ ebbT B ;
- ) 11 1.30 B6.5 1.461 .B&5
60 1 3.00 8%.5 o
*— 65 - & 1.80 91.13
70 6 1.0 93.1
75 ] 1.20 94.3
a0 3 «90 95.2 s 3
-7 T 8§ 1 .30 95,5 . [
99 1 . W30 5.8 2
- 35 - T T T . 96.1 - § —
100 0 .an 9.1 q
105 T P T - TS [}
I £ 1 I - o .60 97.0 9 L
- 11y 3 .50 97.9 -l
. 120 kS .50 98.5 +5 _
125 1 .30 96,8 .?
130 0 .00 8.4 .2
133 H .60 ey .6 CR R %4.027
140 1 +30 95,7 W3 4,228 4,226
145 i .00 99.7 .3 4,375 &.522
_ 150 o .00 95.7 W3 L _4.53C 4.620
E 1 .30 10C.0 0 YT 4,817 —
AL MBTNING FAREQUENCIES 2RE ML ZERO e
TEALE ®UMBER 10 - T o T T T
ERTRITS IN TABLE WMEEN ARGURENT SFaN[aAD DEVIATICN - T SUF CF ARGUMENTS ) h
%07 30,309 o 19,868 12580.000 NON=WE [GH TED
UPPER O8SERVED PER CENT LUMLLATIVE CUMULATIVE MULTIPLE DEVIATICN
LTRIT T FREGUENCY T nF TRTAL PERCENTAGE REMATNDER CF MEAR FACH NEAN® T 7 -
\] 0 __.0C .0 L006 ~1.5%
5 21 5.1k 5.2 T T .is2 T-1.303
10 17 4.8 5.3 324 =1.051
13 LY .07 9.3 <485 D []1]
20 84 . 1».T2 35.1 B 41 -.549
Z5 BT 714,00 49,1 ) - 605 - =.297
io LYY 11,30 aC.4 971 .
15 9 TTTan 67.6 - 1.0%7 7 Ja0eT T T T
&0 10 7.37 T4.9 1.294 457
15 LE] T3 1 1 T.35¢ 709
50 13 3,19 85.3 14.7 1.618 960
53 I TFRS T 6g.2 B § P i WY —T1.z11 -
50 a 1.97 90.2 9.8 1.941 1.463
Y § - 2 Tar.e T T T AT T TR 1714 -
1 L1 2.0 9.1 4.9 2.268 1.966
LE) 5 T.23 9653 3.7 7527 7Y
80 & _l.47 1.8 2.7 2.58¢ 2.468
BY 7 T 3 T . Ta 98,5 h T N Y 1T . T
90 2 49 95.0 1.0 2.917 2.971
9% 1 Y1 99,3 ~ 7T T, ) 1,005 I, =
100 0 .00 99.1 1.23% 3,474
105 T V25 LLY 7157 T2
110 0 .00 99,5 3.555 3,977
113 Tl ) 95.8 B ,721° T &, T T
120 0 .00 99.8 3,882 4.480
- T 125 1] T .oc 99.4 - 4044 40130 T
130 Q .00 95.8 4.20¢ 4.982
35 [4] + 00 994 LP113 EPRAL]
140 1 .25 o loo.o 4.525 S.48%

REMAIVING FREQUENCTES ARE ALL ZERC
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ABLE KUMRER " 11

TERTRISS IN TABLE T TMFAN ARGUMFNT T STANTARD DEVIATICN ~ ~~ ~ ~ SU¥ CF ARGUMENTS
110 120,645 S9.7L5 13271.000 NON-WE1GHTEQ
UPPEH OBSERVED PER CENT CUMLLATIVE CUMULATIVE FULTIPLE  DEVIATION _
LIT¥IT FRECUENCY OF TOTAL PERLENTAGE REMATNDE R OF MEAN FRCF FEAM
0 o .00 L0 . 10049 .80 -1.210 B
5 2 1.82 1.8 98.2 Lol 1,160
1p 1 .91 2.7 97,3 ,082 -1.110
[E) E] Z. 13 5.5 94,5 124 -1.060
20 _ 1 _ _b.3t 11.8 . __8s.? o elee _=r.009
25 T 4 3.64 15,5 84,5 .207 ~.959
19 5 4.55 2C.0 __ .. ag.0 2245 -.909
35 4 364 23.8 T6.4 .29¢ -.859
40 0 00 23.8 T6.4 .3132 -.899
45 3 Z.13 6.4 73.6 PELE] —. 159
50 o R 1 & ] 25,1 1049 O .4l4 , -.709 -
- 55 3 2.13 31.8 64,2 L45¢ -.658
. 60 5 _4.55 3.4 8.6 491 -,608 o
65 % 3.b4 4C.0 60.0 .535 -.358
70 3 2.13 2.1 57.3 .58C -.508
75 (] 8,18 5C.9 %9.1 1622 ~.4%B
B ap 2 . t.s2 . 52,7 47,3 N TE] -.408
- BS 1 .91 53,4 ho b LTS T -.35B -
90 1 a9l . 54,5 _  __ 45,% L ThE -.307
: a5 2 1,82 56.4 33.6 Toaet EET1-Y
100 0 .00 54.4 43.6 .825 -.201
105 7] . 00 5t 4 43.6 .87C - 137
t1o 2 1.2 58,2 .1 4l.B .91z _ -.107_ .
115 2 r.az 6l .0 #G.C .953 ~.057
. __. 120 1. _ .91 60.9 __ _39.1 _ .99% -.006
125 2 1.82 62,1 17,3 1.03¢ ’ L0667
130 o .00 62,7 31.3 1.07€ 094
135 1 .91 CEI) 4.4 F.119 - T44
140 1 9 _b%.S 5.5 1.16C +194 .
145 3 2.73 67.3 52,7 1.202 244
150 1 _s91 B 68,2 1.287 W 294
EE) 1 .91 69.1 i.285 T
16D 1 291 10.0 30.0 1.32¢ . 395
165 F 1.82 71,8 28,2 1.36¢€ ~495
o 170 1 N N} 2.1 27.3 1.40% 495
175 0 .00 2.7 T o27.3 T.451 BT
180 1 ] = T 26,4 L.492 .595
18> 1 .31 T4.5 5.5 1.532 645
190 0 .00 74,5 25.5 1.57% L4698
195 0 .00 Ta.5 5.5 T.61¢ 744
200 ] 0D  TH.S L _25.5 1.658 798
205 1 .91 75.5 24.5 1.65% Bas T
210 1 .91 T6.4 23,8 1.741 LB
- 715 0 LO007 T T T T Telw T T T TERDET T AGTEZ T W9ke
220 0 .00 T4 23.6 1.824 . %96
225 [1] 00 TEL A 73.6 T-85F T.0%7
230 0 .00 , Te.4 23.6 1.90¢ 1,097
235 & 3. 64 80.0 T 2000 17948 T.147 -
240 1 0 S .. 8c.e 19y 0 1.988 1.197 —
245 2 1.82 82.7 11.3 Z2.031 T l.2a7 B
250 3 2.73 8s.5 14.5 2.072 1.297
255 T 7.7 B8.2 IT.8 EFY L] 1343
260 [’} N BE.Z 11.a 2.155 1.3948
265 0 L0C 88.2 - 77 7 TIT.H 2,197 1.448
270 0 .00 88.2 11.8 2.738 1.49%
FiE 0 I i.82 90.0 10.a0” FI L T S 771 S
280 3 Z.13° B 4 7.3 2.321 N 1.558 -
285 2 t.82  94.5 5,5 2,362 1,648
250 [1] .00 94.5 T 5.5 T 2.50% T.699 —
295 1 «91 95.5 4.5 2.445 1,149
300 7 1.82 373 2.7 FICLY T.73%
305 s} .00 97.3 2.7 7.52% 1.84%
3T0 1} .00 TTTTOoR™TayT T T2.7 TTUTZLSIC T 1.899
315 o .00 . 9%.3 2.7 2.611 1.949
320 0 ol T ATy T .7 7,65 B P11
325 [} .00 97,1 2.7 i.694 2.050
330 [ AT 57,3 2.7 FPLER 7100
3335 1 ey 9.2 1.8 2,171 2.150
350 o .00 94,2 1.8 7.81F Z.200
345 0 00 98.2 1.8 2,860 2,250
350 [{] . 06 98.2 1.8 Z2.901 7.300
355 [] 00 9E.2 1.8 2.942 2.350
360 4 .00 LI 1 7965 7401
365 0 .00 _ 98.2 1.4 2,024 2.451
S 1+ R 1T+ R 5 S T 1.8 I.087 —2.501 -
375 0 .00  we.2 L.8 1.10¢ 2.551
380 0 . .00 T T ee r T T T T 1. T T T 3,18t ZSERT -
gy o .00 98.2 1.8 2,191 2.691
70 [ Y14 LIy 1.3 T 777 27T
395 1 .91 _95.1 .9 1,274 2.152
%00 [3} .00 9§.1 - .9 ) 3,315 Z7.802°
405 0 .00 9.1 .9 1,157 2.852
410 ] — .60 T TesT . 8 EPELT] .56 -
415 0 .00 94941 .9 3,440 2.952
(Y41 LB 00 99,1 ) T, 48T T.007
425 0 .00 95,1 .9 1,522 1.053
430 T . TH0.0” R 1563 T30y T )

REMALNING FREQUENCIES ARE ALL ZERC -



95

TTABLE AUMBER 12

TENTRIS [N TABLE MEAN ARGUMENT STANCARD CEVIATICA SUM CF ARGUMENTS
517 50.002 61,340 25851 .000 NON-WEIGHTED
UPPER OBSERVEC _ _PER CENT CUMLLATEVE CUMULATIVE  _ MULTIPLE DEVIATION _
LimIT FRECUENCY NF TOTAL PERCENTAGE REMATNDER 0F HEAR FRO¥ WEAN
0 I R .00 .0 1a0.0 .00C -.815
5 FE 4. k5 4.4 95.6 .10C B ET
19 18 3.48 1.9 92.1 .29¢ -.652
15 D) 8.51 Téoa H3.6 .30C =571
Z0 n 13.13 3c.2 L 69,8 &O0C -.4B9 B
25 6l 11.80 42.0 5¢.0 .50¢ -.408
_ 30 51 . 9.86 5L.4 _ . _4B.2 «60C -.326
35 33 6.38 58,2 4l.8 . 70C - . 245
40 30 5.80 64,0 36.0 .B0C ~.163
%5 32 6.19 ' 872 . Z9.8 J90¢ ~. 087
_ 50 16 L 3.0% L P 26,7 1.00C -.000
55 15 2.99 14.2 23.8 1.160 981
&0 13 B 2.51_ FE.T 2L 1.26¢ _ ale3
65 13 T 2451 81,2 18.8 1.30C YL -
70 14 2,71 81.9 16,1 1, 40C +326
73 T4 2.71 84,7 13.3 1.50¢ 408
89 _8 N - 8E.2 . — 1.8 _l.s0C 489
85 4 LT B9, . 110 1.70C 571
30 3 »58 85.6 19.4 1.80¢ 652
33 3 w58 $0,1 9.9 - 1.99C 734
100 "} .00 90,1 9.9 2.00C 4818
105 1 .19 9C.3 P Z.1a¢ “B97
_ 119 2 _ .39 ) 9C. 7 9.3 i.20C .978
115 3 .58 9l.3 8.7 2.30C 1.060
120 1 el .5 _ BaS 2.40C 1.141 -
125 H .39 91,9 8.1 Z.50C 1.223
130 0 .00 31.9 8.1 2.80¢C 1.304
13> 1 19 97,1 7.9 Z2.70C 1-336
140 2 39 92.5 7.5 2.80¢C L4867
T45 3 .58 93,0 7.0 Z.90¢ 1549
150 1 ey 3.2 6.8 1,00¢ l.630
155 1 .19 93,4 bt 1.10¢ Rt
150 1 .19 93.4 b.4 3.20C 1.793
165 2 39 94.0 6.0 7.30C T.875
170 1 L9 94,2 _ 5.8 1,40¢ 1.956
175 0 .00 94.2 h 5.8 7.50C Z7.038
_ 180 1 219 . L T Gab .60 2,119
185 1 W19 9.6 5.4 3.70¢ ' Z.201
190 0 .00 94 4 5.4 2,80C 2.282
195 ] .00 4.6 1Y) Y. 960 7. 35k
200 o] _ .00 %6 5.4 4,C0¢ 2.445
205 1 - 19 94.8 5.2 4.10C 2.527
o 210 1 19 ~_95.0 5.0 5.20¢ 2.608
15 0 . 00 BT ) L3 4. 300 Z2.690 -
220 o .00 95.0 5.0 &.40C 2.771
225 1] M) 95,7 5.0 Z.50C Z.053
230 o .00 95.0 5.0 4. 60C 2.314
235 4 77 95,7 T43 7 4.70C y.aie - 7
240 1 Y L 95.9 D TS T 4,800 3,097
245 2 .39 98.3 3.7 4.90C 3,179
250 3 .58 9¢6.9 3.1 5.00¢ 3,260
755 3 .58 ELEE] 2.5 g.10¢ 3.342
260 s} W00 o 97.5 2.5 5,20¢ 3.424
265 1] .00 87,5 7.5 5.300 31.50%
210 o .00 7.5 2.5 S.40C 1.587
215 2 T T.3% T 91.9 D B 51 T S P-V-T: R
FEL] 3 .58 94.5 1.5 5.60C 3,750
285 2 .1 9.4 1.2 5.70¢ 3,831
290 0 .o 94.8 1.2 5.80¢ 3.913
295 1 .19 95,0 1.0 5,90¢ 1.994
ELE] ] BEE] 9.4 ) &, 00C 5. 076
305 o 00 o 9.4 .5 &.106¢ 4,157
30 ] .00” T 99,5 - “6 5,200 %.239
315 0 .60 99.4 o6 &.30C 4.320
320 a a0 TOU®s.4 T T T T T T e 6.40¢C 4,402
325 o .00 9.4 o8 £,50C 4,481
330 0 .00 99.4 ) €. 60C 4.565
335 1 Jde9o 0 8s.e -4 6.70C 4,846
340 () .00 ’ 96,6 i A 6.80C %.728
345 0 000 99.46 _ _ 4 £.90¢C 4.BC9
350 © .04 99.6 : oh 7.04C 4.891
355 Q .00 9%.6 K 1.10¢ 4.972
T T .00 LY PE 7. 20C 5. 05%
363 0 .00 99,4 o 1.130¢ 5.115
370 [1] 00 7 TTUTT oeg.e T T a4 — 7.400 - szrr
315 0 .00 5.4 o4 1.50¢ 5.298
380 ] 00 T T 9%, o 1. .
385 0 .00 9.6 L4 7.10C 5,461
ELD 1] L0 37,6 % T.80C 5553
395 1 19 96,8 .2 1.90C S5.624
%00 0 oo T T T RElE T T T g.a0c 5.706 -
405 0 00 99,4 .2 £.10C 5,187
10 0 e T T Ten .y 0 T e 8.20¢ LY ]
415 0 .00 95.8 .2 £.30C 5.950
320 T PLL:] L3P 7 B 40T B.037
425 0 .00 99.8 .2 e, 50C 6,113
1 .19 TTTTTTTRe.0 0 8.460C 6. T3%

REMAINING FREQUENCIES ARE ALL ZERED




TABLE NUMBER 13

ENTRIES TN TABLE

MEAN ARGUMENT

STANCARD DEVIATTCN

96

TSUM CF ARGUMENTS

L0go 41,7208 47.758 41208.000 KON~RELGHTED
UPPER GBSERVED PER CEWT CUMLLATIVE CUMULATIVE MULTIPLE CEVIATION
LIMTT FRECUENCY OF TOTAL PERCENTAGE REMATNDFR OF MEAR FROM MEAN

0 2 Y 1 B _ .2 __99.8 +00C - 862
5 34 3,40 3.6 96,4 L1271 -.758

10 51 5.10 8.7 91.3 L243 -.653

13 109 i0.90 19.6 80.4 364 —.548

20 145 14,50 34.1 _ 65.9 <4BS L)

FE 100 11.00 45.1 54.9 L4607 =.339

35 22 9.20 _ 54,3 45.T JT2E -.234

35 BB B.80 3.1 36.9 .B4S -.130

40 57 .70 LE.H i1.2 .971 -.025

%5 (D) 5.60 T5.% FLYT) 1.09¢ Lu7g

50 37 3.1 9.1 20,9 1,212 + 184

55 30 3,00 82.1 17.9 1.33% 289

&0 27 2470  B4eB_ 15.2 L.45¢ ~393

65 20 Z2.00 86.8 11,2 1.577 498

70 21 2.10 88,9 Li.1 1.695 + 602

T35 18 1.80 0.7 9.3 T.820 w07

-] 13 1,30 _ _.%2.0 8.0 1.941 .812

§5 7 .10 92.7 7.3 .06 .9l6

%0 & +40 _ 3.1 ‘6.9 2 184 1.021

95 ) .40 93.5 B 6.9 Z.10% 1-125

100 1 .10 93.6 6.4 2.421 1.230

105 H .20 3.8 6.2 3%} T.375

110 4 240 94,2 5.8 2,668 1.439

N [ . 60 94.8 5.2 Z.791 L+54%

120 3 o e30 95.1 4.9 2.912 1.648

125 3 .30 95.4 4.6 1,037 1.753

130 v} .00 95,4 “. 8 3.158 1.858

135 3 .30 95.7 4.3 J.27¢ 1.962

140 E] £30 . 960 _ 4.0 3,391 2.067

145 3 30 96,3 3.7 3,515 2. 171

150 1 W0 . 96,4 1.4 3.64C 2.276

155 H T 20 YE.6 3.4 3. 761 Z.381 -

180 1 .10 96.7 3.3 3,881 2.485

165 H .20 53 T 4.C0% —2.594

170 1 A0 87,0 3.0 4,125 2,695

175 0 .00 97.0 3.0 4,247 Z.199

180 1 .10 o 9T.1 2.% 4,368 2,904

185 1 .10 97.2 2.8 4. 489 T.008

190 0 .00 9t.2 2.8 4. 611 3.113

95 2 .00 7.2 7.8 . 137 1.218

260 Q- .00 871.2 2.8 4,851 3.322

20% ) «10 97.3 2.7 ., 975 T, 427

210 1 .10 7.4 2.6 5.09¢ 3,531

215 q 00T 9155 Y Py 3.638

220 2 .00 97 ..k ‘2.6 5.339 3741

225 [ .00 IT.% HY) EFLTIA YL

230 0 W00 . 8T.4 2.4 5.581 3.450

735 % LAD BTN 2.2 5,703 4,054

240 1 +10 97.9 2.1 5.824 4.159

245 H .20 I G . S O e T L

250 3 .30 98.4 1.6 £.067 4,368

55 3 30 TE.T T.3 [LF3L.1] LYY E]

260 1] 00 8.7 1.3 4.309 4.577

269 [ 00 - 8.7 PE] N YL L

270 o .00 98.7 1.3 &£.552 4.787

IT5 T el 9.4 TTT T L. [PYYE] 4,891

Zan 3 .30 99.2 .8 &.795 4,996

2h5 2 20 99,4 b £.91¢ 5.100

290 [ .00 99.4% .6 7.4937 4,205

295 1 210 9%.5 .8 1.159 5.310

300 z ~20 97 ) T. 280 5.414

305 o .00 8% .3 7,401 5.519

31d 1] .00 99,7 3 T.523 F.h2%

315 o .00 99.7 .3 T 44 5.128

320 [} .00 99.7 -3 T LTeT T 5. Y

325 0 +00 99,7 .3 1.087 5.917

3130 1] .00 55,7 <3 B.008 . 047

135 1 o 99.4 .2 8125 6147

340 [ .00 99.8 2 8.251 6. 281

344 o .00 . 9%.8 .2 8,372 6,356

350 [ .00 99,8 2 B.493 E. 460

355 0 .00 9.8 .2 8.61% 6.565

ELY1] 0 .00 9T.8 Y T3 BL.6T0

3865 a .00 9.8 .2 8,858 6,774

370 (1] .00 ’ 958 2 .91% LT

375 0 ) 99.8 .2 9. 14cC 5.983

380 1] . - B ] K1Y .

385 0 - 00 99.8 .2 9.342 7,193

330 ] ) 995 - ToAET T.297

385 1 .10 99.9 .l §.504 7.402

400 ] .00 5.9 ol §.707 T.506

405 0 .00 9.9 .1 S.B2€ 7.611

310 1] .60 L R S.ST 7. 118

415 Q .00 9%.9 .1 10,071 1.820

320 4 Pyl 57,9 o T TC. 197 T.975

425 i) L00 %9,9 1 10.314 £.030

T L1000 T T ai60.0 .0 13,435 ELEL)

430
REMAINING FREQUENCTES ARE ALL

TERD
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CMQ
0.4 0.3 0.2
Gy

Unecl Clas Uncl Clas Uncl Clas

23,0 L2.5 23.8 76.0 23.8 41.5

21.6 39.8 22.8 38.0 21.4L 38,7

0.01 ~ 0.24 25.3 LL.7 23.5 69.0 23.5 49.3

22.1 . 58,3 23.9 " 45.8 26,0 Lé.3

25,2 52.1 27.0 51.2 28.3 £0.1

26.5 ShS 25.1 h3.2 25.6 43.1

10,25 - 0.49 26.7 SR.6 27.1 37.9 24.9 40.0

w 2Lh.8 .6 26.1 h6.9 2h.? 41.9
=T

- 25.8 53.9 23.3 L3.3 25.7 h2.1

o 28.6 62.5 28.8 50,0 26.8 36,5

0.50 = 0.74 2L.7 39.8 2.9 38.4 25.3 Lk.5

29.1 39.8 29.4 W3k 27.1 46.5

29.5 57.9 29.0 37.2 31,0 38.3

29,2 h3.3 26.8 53.4 29.7 0.5

0.75 - 190 30.1 43.1 29.0 h9.6 1.7 43.3

31'2 h?il 290? ’-l2.3 31!'4 hll3

22,6 5.5 2.8 55.4 22,7 60.4

20.) 55.9 24.9 L9. 3 23.3 L& .8

- 29.8 4.3 30.4 63.7 32. 5h.2

e 22.9 60.0 2h.6 6.9 25,2 53.2

“10.25 = 0.49 2.2 6944 2h.6 58.1 26.1 52.1

: 28.3 85.4 28.3 67.5 28.8 5742

= 25.7 125.4 28.0 135.5 29,3 66.2

= 30,3 | 157.0 30.5 88.5 35.0 68.6

=1 0.50 - 0.7k 27.8 | 137.1 27.6 9.9 28.1 16,5

3.6 326,0 3L.6 253.0 34.9 88,0

28.3 [ 10L4.0 27.3 129.6 29.1 B3.8

0.75 - 1,00 26,7 }1053.9 28.1 | 171.3 32.2 71.0

27.1 | 353.8 28,1 | 165.4 28.7 59.4
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CME
‘r 0.4 0.3 0.
Cy

Unel Clas Unel Clas Uncl Clas

T [ 26,2 | 169.h | 295 | 107.6 | 33.6 | 5.3

24,0 72.8 23.6 .| 88.0 27,0 L,B.6

0.01 - 0,2} 21.8 " 78.0 2h.9 5h.6 16.2 20.1

27.8 112.8 25.8 66,0 2h.9 56.1

e 26,0 81,0 27.0 69.2 27.0 56,2

| 0.25 - 0.49 26.9 72.1 27.0 63.6 26.2 66.2

» 25.0 105.3 26,1 70.3 26.8 57.0

> 25.9 | 7187.6 | 27.7 | 108.8 | 31.9 | 106.5

" 26,6 |1225.8 25.5 Lh2.5 31.3 79.5

o, [0.50 = 0.7L 28.3 525.6 29.3 121.5 30.2 63.9

27.0 37L.3 29.0 98.4 26.6 50.6

26.L 11201.0 29.6 285.0 28.9 5h.l

26.8 |112).0 28.2 143.3 26.0 50.0

0.75 = 1.00 25.8 11395.9 27.0 284.5 30.8 7857

28.9 |1568.8 26.1 384.3 27.9 7h.8

38.3 758.6 Ll.B 17h.h 35.2 53.7

31.9 701.1 L0.B 223.1 .7 61.5

0.01 - 0.2 30.3 |1342.9 36,0 711.0 32.1 53.5

28.8 210.7 39.9 55.7 36.2 56.3

32.6 936.6 31.9 553.8 34.7 151.1

L 29.2 261.4 30.9 A2.9 34.7 66.3

= |0.25 = 0.49 28.3 |2003.6 32.0 L16.9 30.6 241.9

— 2h.9 11684.1 31.1 525.7 28.3 60.1
E.

= 27.9 |[3130.7 30.9 247.5 34.2 11L.k

o 27.7 761.,2 33.5 723.1 30. 66.1

w0.50 = 0.7h 27.9 {1364.8 29.8 890,5 31.9 86.3

27.7 651.4 27.1 265.2 284 69.2

27.5 |1211.2 31.8 236.2 31.5 198.8

28.7 783.2 31.6 | 3Li5.9 31.7 65.6

26.3 [1665,0 29.8 139.6 28,0 _30.6
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ANOVA

Source d.f Sum of Squares Mean Square EMS F
2 3 B86,597.78 295,532.58  9.38  2.65"
P, 3 3,686,989.95 1,228,996.65  39.01 2.65"
C, 1 4,911,005.63 %,911,005.63 155.90  3.89"
oM, 2 3,561,585.87 1,780,792.9%  56.53  3.04"
PP, 9 718,799.56 79,866.62  2.54  1.93
PHC, 3 B59,858,29 286,619.43  9.10  2.65
PUCH, | 6 1,009,014.87 168,169.15  5.34  2.14"
PO, 3 3,551,499.47 1,183,833.16  37.58  2.65"
PN, ) 6 2,955,066.40 492,511.07 15.63 2.4
ceM, 2 3,623,343.98 1,811,671.99 57.51  3.04"
PHPC, .\ 9 738,704.05 82,078.23  2.61 1.93"
PMPCH, 18 757,132.53 42,062,92 1.34%  1.62
PMCCM, | 6 1,006,588.41 167,764.74  5.33  2.14"
PCCH,, ) 6 2,989,890.18 498,315.03  15.82  2.14
PMPCCH,,, 18 757,859.59 42,103.31  1.34  1.62
eme k1 228 9,072,565.69 31,501.96

Total 383 41,086,502.25

1

"Effect is significant at a 5 per cent level of significance.
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APPENDIX C

WEIBULL PLOTS FROM WHICH o AND B

WERE ESTIMATED IN EXPERIMENT 4
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Plot 1.
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(See, Table 32)
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(See Table 32)
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(See Table 32)
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(See Table 32)
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(See Table 32)
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118

APPENDIX D

ALGOL COMPUTER PROGRAM
FOR GOODNESS OF FIT TEST

IN EXPERIMENT 4
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1

COMMENT ROBERT L LONGSHORE IE 700 GOOONESS OF FIV TEST $

REAL (TeYsFOsFsZsAsBeDeDIFY %

INTEGER (T155sKsNsXaLl »SUMNyJ M) $

ARRAY (X{150)sN{150)sT(150) Y (1503201501 sF11501sD1F{150),
ALBY»BIBY Y

[NPUT INLILsMstFOR J=(1slsMIBT(ATIIsBLI) 1,
(FOR J=01slyL)SIXII)aNIIIII) )

DUTPUT CQUTLIUXITI ) eN{T ) sTII}sFOsFI14DIFCLN)

DUTPUT QUTZ (SUMN}

QUITPUT CUT31L el S sdedl )1

FORMAT FMT1(B5s%03SERVED TIME NUMBER ORSFRVED*,53,

) THRDJUSTED TINE FIT) OBSFRVFD FITY CALCULATFD¥,A4,
#AB5 DIFFERENCE*,W6) i

FORMAT FMT2(B7+16+8132143883X1 104 sE91X5439R133X044sB11sXEatts
WO $

FORMAT FMT3(B324¥ALPHA%12,% =% XB449B5  ¥BETAR,12,% =*5XBa4s
W& . 3

FORMAT FMTa(RS»#%7 XCEEDS CONFIDENCE LTMITSs REJECT HYPOTHEGIG*,
W)

FORMAT FMT5(H5,%TOTAL OBSERVATIONS =%,16,W6)

FORMAT FMT&IW]}

READ ($3IN1)

WRITE ($SFMT1)

FO=0,0 B

SUMN=0

J=1

5=1

FOR 1=(1a1lsL)

HEGIN
SUMNS ( (SUMNI+INIT )

=2

@ A

Yo B A B G R R R

END

WRITE (330HT3,FMTE)
FOR 1=(1s1.L)
BEGIN ) o R o
K=t[)y=111 %
IF K FOL O 3
BEGIN
x{1xy=0

3
%
D=0 t1a36)/SORT (FLOATLSUMNEY ) %
k3
%

YOIY=C (L ((FLOATINET 1)) at
CLFLOATINIL) ) 1 +01400)
TOI)=t (Y (I =Y {5011
FO=FO+{ (FLOATINIT Y Y/ {FLOATISUMN)))
Lles ZUL =t 0TI Z020.C % (BIJY I/ (ALIY )
FOID=0(14C—(EXP (—(Z(1))))}
DIFCTY=(ABS [IFII11=(FOIY
1F DIF{1Y GTR D
BEGIN
J{tLy+t1y
IF J GTR M
BEGIN
WRITE ($3FMT4)
WRITE t$3FMTEY & 7
READ ($3INI)

1DV HCFLOATIXIKID D/

FEQ%ILEJ___
171 /7160407

R N

[ -

m
-
[}

CAR I AR I R ]

WRITE {330UT3,FY4T3)
GN TO L1

I

WRITE {SSOUTIHIFMT2Y

WRITE ($B0UT2,FMT5)
WRITE {33FMT6)
READ ($%IN1)

N RN MRNNNM NN NN NN fReN NN RN MMM R RN N NN RN NN NN NN NN NN RN RN R N NN N NN

FINISH



120

APPENDIX E

TABLES



Table 8.

Precedence Mix for Experiment 1

Model Flash Immediate Prierity Routine
1 0 0 0.50 0.50
2 0 0 0.25 0.75
3 0 0 0.75 0.25
y 0 0.25 0.25 0.50
5 0 0.50 0.25 0.25
6 0 0.25 0.50 0.25
7 0.25. 0.25 0.25 0.25
8 0.25 0 0.25 0.50
9 0.25 0 0.50 0.25

10 0.25 0 0.75 0

11 0.50 0.25 0.25 0

12 0.50 0.50 0 0

13 0.75 0.25 0 0

1h 1.00 0 0 0

15 0 0 Q 1.00

Table 9. Precedence Mix for Experiment 2

Model TFlash

Immediate

Priority Routine

W~ h v FE WK =

COCOO0O00O0COO0DOoOOCOoOOO0OCO0

COoOCCO 00000 QOO COo000

-

.05
.10
.10
.15
.15
.15

.10
.10
.20
.20

0 =
o o o

0.40
0.40
0.35
0.40
0.35
0.30
0.25
0.35
0.45
0.25
0.45
0.25
0.35
0.u45
0.15

0.55

0.15
0.55
0.15

0.55
0.50
0.55
0.45
0.50
0.55
0.75
0.65
0.55
0.65
0.45
0.55
0.L5
0.35
0.85
0.45
0.75
0.35
0.65
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Table 9.

Precedence Mix for Experiment 2
{Continued)

Model TFlash Immediate Priority Routine

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
By
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
B1
62
63

OO0 C OO OO0 COOOoOCO
wn

[an]
[=Ne el Nl
oo

o

-

0.05
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0,10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

0.20
0.30
0.30
0

0.10
0.20
0.30
0

0.10
0.20
0

0.10
0

0.05
0.05
0.05
0.10
.10
0.15
0.15
0.05
0.05
0.05

0.55
0.15
0.15
0.65
0.65
0.65
0.65
8.75
0.75
0.75
0.85
0.85
0.95
0.40
0.40
0.35
0.35
0.40
0.30
0.35
0.30
0.35
0.u40
0.30
0.35
0.30
0.25
0.35
0.45
0.25
0.35
0.45
0.25
0.35
0.45
0.15
0.55
0.15
0.55
0.15

0.55

g.15
0.55
g.65

0.25
0.55
0.u5
0.35
0.25
0.15
0.05
0.25
0.15
0.05
0.15
0.05
0.05
0.50
0.50
0.55
.50
0.u5
0.50
0.45
0.55
0.50
0.u45
0.50
0.u5
0.45
0.65
0.55
d.u5
0.55
0.45
0.35
0.45
0.35
0.25
0.75
0.35
0.65
0.25
d.55
0.15
0.45
0.05
0.25
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Table 9.

Precedence Mix for Experiment 2
(Continued)

Model Flash

Immediate

Priority Routine

64
65
66
67
68
69
70
71
72
73
Th

75
76
77
78
79
80
81
82
83
84
85
86
87
ag
89
90
g1
92
93
oy
95
96
97
98
9g

100
101
102
103

0.10
0.10
0.10
¢.10
0.10
0.20

0.20,

0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.30
0.30
0.30
0.30
0.30
9.30
0.30
0.40
0.40
0.40
0.40
0.50
0.50
0.50
0.50
0.60
0.60
0.60
0.70
0.70
0.70
0.80
0.80
0.90

0.10
0.20
0.10
0.90
0.80
0

0

0.10
0.10
0.20
0.20
0.30
0.30

0.10
0.80
0.40
0.40
0.40
0.50
0.50
0.60
0.70
0.40
0.40
0.50
0.60
0.40
0.50
0.10
0.30
0.40
.10
0.20
0.30
0.10
0.20
0.20
0.10
0.10

0.65
0.65
0.75
0

0.10
0.15
0.55
0.15
0.55
0.15
0.55
0.15
0.50
0.65
0.65
0

0

=]
=N
QO

=
o -

e =
o o

=
o o

=
oo

OO0 OO OO0 O0OCODOoO 00
'_l
o

0.15
0.05
0.05
o

a

0.65
.25
0.55
0.15
0.45
0.05
0.35
0

0.15
0.05
0

0.30
0.10
0.20
0.20
0.10
0.10
0

0.20
0.10

.

o
l_l
o

= B ow
o o oo oo

OO o000 C OO O0O0oO0O
. . .
B N
[
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Table 10. Parameters for Experiment 4
Plot Precedence Mix
Number C F I P R
1 1 0.2 0% .05 .35 .55
2 1 0.2 .10 .10 .35 45
3 1 0.2 .10 .10 U5 .35
L 1 0.2 10 .20 b5 .25
5 1l 0.2 .10 .10 .15 .65
5 1 0.2 A0 .20 .55 .15
7 1 0.2 .20 .30 .50 0
8 1l 0.2 .10 .20 .65 .05
8 1 0.2 .25 .25 .25 .25
10 1 0.y .25 .25 .25 .25
11 2 0.3 .25 .25 .25 .25
12 0,2 .25 .25 .25 .25
13 4 0.3 .25 .25 .25 .25
iy 5 0.4 .25 .25 .25 .25
15 10 0.2 .25 .25 25 .25
i6 0 0.k 25 .25 .25 .25

.,

“Reference the plot of
data (Appendix C).

the obsgerved
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Table

11. Mean Transit Times in Seconds for Test 11

Model TFlash Immediate

Priority Routine

1 0
2 0
3 0
4 0
5 0
6 0
7 1780
8 1681
9 1618
10 1793
11 1790
$ 12 1620
13 1877%
14 0
15 2012%

Table

2000
2055
1855
2017

2223
2303
2598
0
0

1885
1730
2407
2057
2363
2310
2239
1862
2168
0

2621
0

o oo

2404
2240
2950
2481
2630
2631
2797
2391
2839
2685

12. Mean Transit Times in Seconds for Test 12

Model TFlash Immediate

Priority Routine

1 0

2 o

3 0

4 0

5 0

6 it

7 1704
8 1503
9 leuy
10 1707
11 1689
12 1808%
13 1763
14 0

15 2012%

2218
2518
2466
2292
0

0

0
2405
3007%
2329
0

0

2502
2195
3930
2951
4ug5
4406
2860
2077
2670
0

3981
0

o OO

18710
9680
24853%
14126
17562
11875
6762
3837
4886
5880

H
Exceeds criteria

specified in Table 3.
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Table 13, Mean Transit Times in Seconds for Test 13

Model Flash Immediate Priority Routine

1 0 D 3782 5Qu72%
2 ¢ 0 2357 23936%
3 C 0 7294 15154
4 0 2440 3272 30306%
5 0 2906% 14867% 8396
b 0 2301 74L3 LL7G3%
7 1577 2538 3771 11739
8 1637 o 2587 9642
9 1542 0 3791 22141%

10 1635 0 0 . 8852

11 1773 2920% L352 0

12 1836% 8773% 0 0

13 1848# 3h91® 0 C

14 0 0 0 23740%

15 2012% 0 o 0

Table 14. Mean Transit Times 1s Seconds for Test 21

Model TFlash Immediate Priority Routine

1 0 0 211y 2821
2 0 0 1816 2243
3 0 0 2093 | 2829
L 0 1927 2158 26464
5 0 1970 2499 2703
& 0 1835 2Q85 2892
7 1584 1985 1742 2305
8 1620 0 2015 2517
9 1558 ¢ 1826 2124

10 1720 o 0 2134

11 1669 1670 2033 0

12 1735 2317 0 0

13 1670 2216 0 0

14 0 0 0 2101
15 1958% 0 0 0

“Exceeds criteria specified in
Table 3,
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Table 15. Mean Transit Times in Seconds for Test 22

Model Flash Immediate Priority Routine

) 2150 10507

1 0
2 0 0 2107 14306
3 0 0 2L05 7671
y 0 2013 2067 6269
5 0 2304 4213 6685
6 0 15960 3624 13212
7 1662 2440 2876 4329
8 1798 0 : 201g uyup2
g 1627 0 2208 4578

10 1654 0 0 4779

11 1743 2307 3165 0

12 1626 2182 0 0

13 1739 2491 0 0

14 0 0 0 13143

15 1958% 0 0 0

Table 16, Mean Transit Times in Seconds for Test 23

Model Flash Immediate Priority Routine

1 0 0 27286 20397
2 0 0 2437 I24pGE
3 0 0 4oLl 22B651%*
4 0 2623 5893 39L407*
5 0 3244% 6644 31126%
3] 0 2505 60440 50026%
7 1659 2645 5655 43172
8 1538 0 2289 8883
9 1650 0 2905 10787

10 1704 0 0 9988

11 1670 2231 3012 0

12 1616 42224 0 0

13 1714 2400 0 0

14 (VR 0 0 27319%
15 1958% 0 0 0

"Exceeds criteria specified in
Table 3.




Table

Table

17. Mean Transit Times in Seccnds for (est 31

Model Flash Immediate Priority Routine
1 0 0 2108 2734
2 0 0 1945 2336
3 0 0 1364 2368
) 0 1826 2006 2862
5 0 1821 2024 2365
6 0 1787 1901 1880
7 1589 1906 2300 3440
8 1568 Q 1788 2167
9 1657 0 2053 3473

10 1636 0 0 2274

11 1618 2023 2352 0

12 1583 1995 0 0

13 i6u2 1581 0 0

14 0 0 0 1977

i5 1709 0 | 0

18. Mean Transit Times in Seconds for Test 32

Model TFlash Immediate Priority Routine
1 0 0 2331 H301
2 0 o] 2103 9927
3 0 0 2949 35058%
4 0 2558 2942 13928
5 0 2179 3638 8985
6 C 2151 4566 18905
7 1689 2206 2430 3154
8 1666 0 2070 4300
9 1623 0 2349 3688

i0 iuu3 0 0 3937

11 1716 2255 2412 0

12 1591 2919% 0 0

13 iB25 2144 0 0

14 0 - 0 0 3580

15 1709 0 0 0

)

Exceeds criteria specified in

Table 13.
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Table

Table

19. Mean Transit Times in Seconds for Test 33

Model Flash Immediate Priority Routine
1 0 0 2755 47182%
2 0 0 2u59 53372%
3 0 0] 10415 0
4 0 2445 3854 5179u%
5 0 307 2% 224R6% u728
B 0] 2424 13025 Q241
7 1524 2852% B479 3geeo%
8 1493 0 2376 14993
g 1674 0 3732 29073%

10 1590 0 0 23362%

11 1581 2297 3454 it

12 15172 300y4% 0 ¢

i3 1731 2587 0 0]

1k 0 0 0 23700%

15 170% 0 0 0

20, Mean Transit Times in Seconds for Test

H1

Model Flash Immediate Priority Routine
1 0 0 1857 2269
2 0 0 1870 2012
3 o 0 1883 2822
Y 0 1917 2216 2466
5 0 1837 2084 2773
6 0 1842 2268 3ks2
7 1622 2000 2540 2698
8 1678 0 1704 2082
9 iB12 0 1787 2488

10 1551 0 0 2016

11 1669 1759 1899 0

12 1619 1883 0 0

13 16672 2227 0 0

14 0 - ¥ 0 1845

15 1748 0 0 0

Table 3.

.

Exceeds criteria specified in
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Table

Table
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21. Mean Transit Times in Seconds for Test 42

Model Flash Immediate Priority Routine
1 0 0 2192 16418
2 0 0 2278 14452
3 0] 0 2636 14594
L 0 2323 2651 162690
5 0 2512 LLu3y 42970%
6 0 1996 3264 26524
7 1500 1767 1858 3085
8 1552 0 2080 3560
9 1553 0 1998 3558

10 1709 0 0 Thl?2

11 1606 2056 2386 0

12 1600 2397 0 0

13 1638 3138% 0 0

14 0 0 0 10083

15 1749 0 0 0

22. Mean Transit Times in Seconds for Test 43

Model Flash Immediate Priority Routine
1 0 0 2482 19983
2 0 0 1939 25172%
3 0 0 12668 0
4 0 2373 3365 38504
5 0 2733% 7693 46387%
& 0 2370 15643% 0
7 ls40 2263 3140 10015
8 1698 0 2391 10038
9 1644 0 2395 7681

10 1815 0 0 16045

11 1676 2582 3685 Q

12 1547 3973% 0 Q

13 1593 2629 0 0

14 -0 0 0 22321%

15 1749 0 0 0

L.

Table 3.

Exceeds criteria

specified in




Table 23.

Table

Mean Transit Times in Seconds for Test 51

Model Flash Immediate Priority Routine
1 0 C 1776 2191
2 G 0 1550 2005
3 G 0 1752 2099
4 0 1751 2033 2328
5 0 1921 2562 33950
6 0 1874 2173 2729
7 1560 1763 1905 2024
8 1542 0 1801 1969
9 1539 0 1846 2017

10 1590 0 0 1939

11 1597 1958 2204 0

iz 1623 1376 0 0

13 1841 2378 0 0

iy 0 0 0 2765

15 1765 0 0 0

24, Mean Transit Times in Seconds for Test 52

Model Flash Immediate Priority Routine
1 0 0 227C 5240
2 0 0 2044 13361
3 0 0] 2647 17507
4 0 l9uy 2295 6212
5 0 2558 6015 14606
B 0 2074 3265 7806
7 1690 2047 2432 3032
8 1607 0 2395 4715
9 1635 0 2105 3769

10 1462 0 0 314y

11 1578 1985 2219 Q0

12 1550 21472 0 0

13 1612 2066 Q Q

14 0 . o 0] 7561

15 176 0 0 0
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Table 25. Mean Transit Times in Seconds for Test 53

Model Flash Immediate Priority Routine

1 0 0 2849 44932%
2 0 0 2277 26932%
3 0 0 3667 50262%
4 0 2427 4260 47125%
5 0 3463% 34853% 0

6 0 2215 5872 20667
7 1514 2423 5169 19432
8 1514. 0 2324 14694
g 1584 0 3047 14021
10 1574 0 0 4194
11 1550 2161 2893 0
12 1614 3280% 0 0
13 1593 2145 0 0
14 0 0 0 19579
15 1765 0 0 0

Table 26, Mean Values of the Mean Transit Times
for each Test and Trial in Experiment 1

r C Flash Immediate Priority Routine
1 0.2 1771 2150 2164 2574
1 0.3 1729 2462 3206 11365
1 0.4 1733 3767 5352 | 22652
2 0.2 i689 1990 2038 2484
2 0.3 1726 2242 2736 8176
2 0.4 1689 2839 4225 26930
0.2 1625 lsug 2044 2543
4 0.3 18633 2345 2784 9951
4 0.4 1602 2672 7114 29571
5 0.2 leus 1923 2001 2448
5 0.3 1613 2313 2578 14447
5 0.4 1645 2703 5540 21794

10 0.2 1607 1946 1860 2365

10 0.3 1612 2117 2769 7905

10 0.4 1589 2588 6721 26184

ots

"Exceeds criteria specified in
Table 3.




133

Table 27. Mean Values of the Mean Transit Times
for each Test in Experiment 1

T r Tlash Immediate Priority Reoutine
1 1744 2793 3574 12197
2 1701 2357 3000 12863
4 1620 . 2288 3981 w022
5 1634 2313 3373 12896

10 1603 2214 3817 1215])

Table 28. Mean Waiting Times in
Queue 5 in Experiment 1

T C Mean Waiting Time
1 0.2 1548
1 0.3 121086
1 0.4 38610
2 0.2 1581
2 c.3 9008
2 0.4 33183
4 0.2 1840
) 0.3 11853
4 0.4 Lay27
5 0.2 1418
5 0.3 13548
5 0.4 33336
10 0.2 15349
10 0.3 8724
10 0.4 3037
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Table 29. Excessive Transit Times in Minutes in Experiment 2
when C = 0.2

" Mean Percentage
Model PRECEDENCE MIX Transit Utilization
Number Precedence F I P R Time of Fac. &
101 Flash .80 .20 0 0 30.30 31.0
102 Flash .80 .10 0 .10 32.43 4.7
103 Flash .90 .10 0 Q 32.11 30.u4

Table 30. Excessive Transit Times in Minutes in Experiment 2
when C = 0.3

Mean Percentage

Model PRECEDENCE MIX Transit Utilization
Number Precedence F I P R Time of Fac. 5

3 Routine 0 .10 .35 .55 4g7.71 100

4 Routine 0 .15 40 .35 419,73 100

5 Routine 0 .15 .35 .50 499,08 100

B Routine 0 .15 .30 .55 416,00 100

12 Routine 0 .20 .25 .55 365.25 100

23 Routine 0 0] .65 .35 457.88 100

37 Routine .05 .10 L0 LAU5 389,94 100

B6 Routine .10 .10 75 .05 £86.07 96,2

68 Immediate .10 .80 .10 G 58.49 97.1

79 Immediate .20 .80 0 0 73.94 87.6

82 Tmmediate .30 40 10 .20 Lg.19 75.5

83 Immediate .30 .50 0 .20 £1.96 98.7

85 Immediate .30 .60 0 .10 48,66 90.2

86 Immediate .30 .70 0 0 57.73 76.0

90 Immediate 40 .BO 0 0 62.64 4.7

91 Immediate 50 40 .10 0 50.28 70.2

92 Immediate .50 .50 0 0 48.05 68.2

a5 Immediate .B0 B0 0 0 47.8¢ 68.8

98 Immediate .70 .30 0 0 48.08 4g.s
101 Immediate .80 .20 0 0 53.14 48.6
103 Flash .90 10 0 0 . 30.32 32.2
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Table 31. Excessive Transit Times in Minutes in Experiment 2
when C = 0.4

Mean Percentage
Model PRECEDENCE MIX Transit Utilization
Number Precedence F I P R Time of Fac. 5
1 Routine 0 05 L0 .55 463.66 100
2 Routine 0 .10 A0 .50 603.39 100
3 Reutine 0 .10 .35 .55 580.71 100
1] Routine Q .15 40 45 7 720.76 100
5 Routine Q .15 .35 .50 604,21 100
6 Routine 0 .15 .30 .55 726.61 100
7 Routine 0 0 .25 .75 528.86 100
2] Routine 0 0 .35 .65 589.07 100
9 Routine 0 0 U5 .55 6394.55 100
10 Routine 0 .10 .25 .65 6Ly, 79 100
11 Routine 0 .10 U5 U5 Lus.51 1300
12 Routine 0 .20 .25 .55 390.51 100
i3 Routine 0 .20 .35 JU5 582.69 100
14 Routine 0 .20 LU45 .35 532.35 100
15 Routine 0 0 .15 .85 661.73 100
17 Routine 0 0 .15 .75 401.82 100
19 Routine - 0 .20 .15 .65 - 566.09 100
20 Pricrity 0 .20 .55 .25 451,59 1060
21 Routine 0 .30 .15 .55 514.17 100
22 Priority 0 .30 .55 .15 304.04 100
23 . Routine 0 0 .65 .35 663.57 100
24 Priority 0 .10 .65 .25 278.02 1¢0
25 Priority 0 .20 .65 .15 317.99 100
26 Priority 0 .30 .65 .05 360.49 100
28 Priority 0 .10 .75 .15 526.76 100
29 Priority 0 .20 .75 .15 518.13 100
30 Priocrity 0 ) . B85 .15 421.95 100
31 Priority 0 .10 .85 .05 452,86 100
32 Priority 0 0 .95 .08 511.71 10¢
33 Routine .05 .05 40 1 588.05 100
34 Routine .05 .05 .35 .55 437,52 100
36 Routine .05 .10 .35 .50 6U6.28 100
37 Routine .05 .10 40 M5 545.35 100
38 Routine .05 .15 .30 .50 517.81 100
39 Reutine .05 .15 .35 45 696.16 100
40 Routine .10 .05 .30 .55 506.12 100
41 Routine .10 .05 .35 .50 809.16 100
42 Routine L1000 .05 .40 .45 514,02 100
43 Routine .10 .10 .30 .50 601.46 100
L5 Routine .10 15 .30 ] 533.61 99,5
L7 Routine .10 0 45 45 785.35 100
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Table 31. Excessive Transit Times in Minutes in Experiment 2
when C = 0.4 (Continued)
. Mean Percentage
Model PRECEDENCE MIX Transit Utilization
Number Precedence F I P R Time of Fac. 5§
L8 Routine .10 0] b5 U5 797.03 100
49 Routine .10 .10 .25 .55 £659.95 100
53 Routine .10 .20 .35 .35 552.84 100
56 Routine .10 6] .55 .35 590.73 100
57 Routine .10 .10 .15 .65 416.85 100
59 Routine .10 .20 .15 .55 668.15 100
60 Priority .10 .20 .95 .15 Lges.70 100
6l Routine .10 +30 .15 45 527.54 100
62 Priority .10 .30 .55 .05 458,93 100
65 Priority .10 .20 .65 .05 huy .69 100
66 Priority .10 .10 .75 .05 ko4.03 100
67 Immediate .10 .90 0 0 544,63 100
68 Immediate .10 .80 .10 0 377.28 100
70 Routine .20 0] .55 .25 663,82 100
72 Routine .20 .10 .55 .15 425,05 100
76 Priority .20 .30 .50 0 308.19 100
78 Priority .20 .10 .65 .05 225.29 100
79 Immediate .20 . B0 0 0 413.39 100
80 Immediate . 30 40 0 .30 52.37 100
Bl Immediate .30 ] .20 .10 52.60 g3.4
82 Immediate .30 LU0 .10 .20 49.82 100
83 Immediate .30 .50 0 .20 68.50 100
84 Immediate .30 W50 .10 .10 66.78 100
85 Immediate .30 .B0 0 .10 '71.68 140
86 Immediate .30 .70 0 0 240.59 100
87 Immediate .40 40 0 .20 Lg.28 88.0
88 Immediate LU0 L0 .10 .10 437.23 79.7
849 Routine .40 .50 0 .10 75.17 100
a0 Immediate 240 .60 0 0 235.26 100
91 Immediate .50 40 10 0 49,87 81.3
g2 Immediate .50 .50 0 0 88.48 ay,3
gy Immediate .50 .30 .10 .10 58.04 89.9
95 Immediate .60 LU0 0 0 56.17 69.6
g7 Immediate B0 .20 .10 .10 45.29 71.1
g8 Immediate .70 .30 0 0 71.30 6L4.1
101 Immediate .80 .20 0 0 47.97 43.7
102 Flash .80 A0 0 .10 30.82 46.3
103 Flash .90 .10 0 0 31.95 32.8




Table 32, Values cf Weibull Distributicon
Parameters in Experiment 4
Plot . . .
Number® ¥ o B; Range
4,523 1.37 05t sus
1 4,83 2.14 0.80 45 < t, <
4,055 1.38 0 < El < 25
2 4.83 2.7 1.15 25 < %2 < w
3 L.85 4.523 1.37 0<t <o
4.523 1,37 0 < {l < S0
i 4,78 2,14 0.80 50 < %2 < @
4,055 1.38 0 < El < 30
2.719 1.00 30 < E2 < 75
5 4,81 1.284 0.60 75 < %B < =
4,523 1.37 0 < %l < 40
6 4,75 2.14 0.80 0 < t, < @
4,523 1.37 0 < El < 65
7 4,83 2.14 0.80 65 < %2 < ®
4.523 1.37 0 < %l < 60
8 4.68 2.14 0.80 60 < E2 <
3.67 1.30 0 < El < 12
0 8.13 1.823 0.80 42 < %2 <
4.u82 1.30 0 < %l < 33
2.719 0.80 33 < EQ < 116
10 8.10 2.225 0.60 116 < t. < w
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Table 32. Values of Weibull Distribution
Parameters in Experiment 4
{Continued)
Plot R .
Number® Y oy B; Range

3.005 1.10 0 < %l < 50

11 8.13°  1.283 0.60 50 < %2 <

12 8,13 2,72 1.20 0stgo

13 8.1u 3.005 1.10 0<t<w
4,005 1.15 0 < %l < 16
2.72 0.95 16 < E2 < 58

14 8.13 1.221 0.42 58 < %3 <

15 B.14  2.72 1.20 0 <t <o
4,055 1.15 0 < %l <yl
2.72 0.95 b1 < %2 < 164

16 g8.14  1.221  0.42 164 < £3 < ®

RReferences the plot from which a, and Bi

were estimated in Appendix C.
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Table 33, Two Classified Tape Facilities (5 and 9) in Experiment 5
when C = 0.3
Queue
or E(t) = 240 sec E(t) = 180 sec E(t) = 120 sec
Facility Facility Waiting Facility Waiting TFacility Waiting
Number Utilization Time Utilization Time Utilization Time
1 .2321 8 .2939 15 L4710 39
2 LTHT2 474 .8425 758 .9970 3435
3 . 7915 585. .8671 1122 1.000 3917
4 . 5267 546 . 7211 1128 1.000 3178
5 . 8291 1721 . 8863 7681 1,000 22066
6 . 5645 467 .6813 634 1.000 6817
7 4747 395 L4529 332 L7754 1312
8 L4529 353 .5612 557 .8558 1570
9 .6223 1410 ,7802 9633 1.000 21986
Table 34. Two Classified Tape Facilities (5 and 39) in Experiment 5
when C = 0.6
Queue
or E(t) = 360 sec E(t) = 300 sec E(t) = 240 sec
Facility  Facility Waiting Facility Waiting Facility Waiting
Number  Utilization Time Utilization Time Utilization Time
1 1601 L L1700 by .2303 10
2 L4970 130 . 5201 162 .6855 369
3 L4580 163 L4761 214 .5939 318
4 .0533 36 L1431 1us .1889 215
5 .9390 3919 . 9649 12035 1.000 43170
& .3330 220 . 3609 21y L4979 362
7 . 3005 208 . 2997 191 .3589 162
8 .3191 222 . 3265 157 L4101 258
9 LBUT2 3913 . 9uy7 13343 1.000 41010
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Table 35, Two Classified Tape Facilities
{5 and 9) in Experiment 5
when C = 0.9

Queue or : E(t) = 360 sec
Facility Facility Waiting
Numkber Utilization Time
1 .1569 ) 6
2 728 121
3 .1661 67
4 L0024 ' 0
5 1.000 67104
6 . 3215 135
7 L2164 111
B - .2285 103
9 1.000 64746

Table 36. Three Classified Tape Facilities (5, 9 and 10)
in Experiment 5 when C = 0.3

Queue
or E(t) = 240 sec E(t) = 180 sec E(t) = 120 sec
Tacility Facility Waiting Facility Waiting Facility Waiting
Number Utilization Time Utilization Time Utilization Time
1 2134 9 .3231 16 L4593 5
2 .7033 458 .9131 934 . 9870 1783
3 . 7848 607 .9318 2331 1.000 35584
b . 5587 543 .8620 2197 .9951 2831
5 .7313 902 .8829 1608 .9786 L2049
6 L5174 L68 .7288 792 1.000 luy71
7 . 3987 227 .5028 330 .8223 1665
8 Lu421 322 .5369 Layn .9203 2777
9 L4505 574 .6788 1098 .9350 3163
10

L0468 235 .3522 786 . 7402 2431
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Table 37. Three (lassified Tape Facilities (5, 9 and 10)
in Experiment 5 when C = 0.6

Queue
or E(t) = 240 sec E(t) = 180 sec E(t) = 120 sec®
Facility Facility Waiting Facility Waiting Facility Waiting
Number Utilization Time Utilization Time Utilization Time
1 L2429 11 . 3370 17
2 . 7T04L6 298 . 8879 815 1.000
3 L5943 269 . 7126 47 1.000
4 2409 235 .3944 286
5 . 99¢0 6572 L8719 15285 1.000
6 6150 6Ly L7304 1299 1.000
7 . 3857 268 5249 533
8 L4119 349 ., 5322 374
9 . 9628 Log7 L9736 16839 1.000
10 L8077 3929 .9381 14965 1.000

Table 38. Three Classified Tape Facilities (5, ¢ and 10)
in Experiment 5 when C = 0.9

Queue
or E(t) = 360 sec E{t) = 300 sec
Facility Facility Waiting Facility Waiting
Number Utilization Time Utilization Time
1 . 1460 5 .1880 6
2 L4593 128 .5509 158
3 .199% 128 .1a23 Ly
4 .0053 0 .0081 0
5 L9046 2460 1.000 35033
6 L3222 202 .3676 1396
7 L2682 118 .3233 153
8 .2933 145 .3283 172
q . 8152 1782 1.000 35647
1¢ L5754 1747 1.000 34636

"At this point the system becomes so saturated that GPSS
11T Error Condition Number 68A is received, This is an indica-
tion that storage capacity has been exceeded. Statistics are
printed but they are not significant.
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Table 38. Four Classified Tape Facilities (5, 9,
10 and 11) in Experiment 5 when

¢ =0.3
Queue
or E(t) = 240 sec E(t) = 180 sec E(t) = 120 sec®
Facility Facility Waiting TFacility Waiting Facility Waiting
Number Utilization Time Utilization Time Utilization Time
1 L2134 9 . 2973 13
2 . 7033 458 . Bug? 802
3 . 7848 607 - L8164 1674 1.000
4 . 5587 543 L8121 1602
5 .7313 902 L8627 1685
6 .S5174h 468 L7512 BS6 - 1,000
7 . 3987 227 .5595 585
8 Luu21 322 .5167 338
9 LU505 574 .B6320 862
10 .0u68 235 .3278 607
11 0 0 .0615 1122
Table 40. Four (Classified Tape Facilities (5, 39,
10 and 11) in Experiment 5 when
C =0.6
Queue
or E(t) = 240 sec E(t) = 180 sec E(t) = 120 sec®
Facility Facility Waiting TFaeility Waiting  Facility Waiting
Number Utilization Time Utilization Time Utilization Time
1 .2181 8 . 3283 22
2 L7057 501 .8689 760
3 .6211 284 .6829 337 1.000
by .1817 111 . 3486 304
5 .9242 2378 .8838 L7732
6 . 5541 608 .8012 989 1.000
7 L4060 33y .5558 L7976
a ,3864 227 . .0721 478
9 .8489 1468 L9773 3628
10 .5832 1322 .8513 3215
11 .2748 1585 . 8348 2634

T

See Footnote Table 237.
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Table 41. Four Classified Tape Facilities
(5, 9, 10 and 11) in Experiment 5
when C = 0.9

Queue
or E(t) = 300 sec E{t) = 240 sec E(t) = 180 sec
Facility Facility Waiting Facility Walting TFacility Waiting
Number Utilization Time Utilization Time Utilization Time
1 .1892 6 L2343 9 .3219 21
2 53839 287 . 7106 u59 .8827 737
3 L1977 B2 .2398 90 L3732 ’ 1lug
4 .0025 0 L0048 0 L0134 0]
5 . 8371 4083 . 9802 12287 1.000 45213
5] L4536 L27 .5324 511 .6516 546
7 . 3692 234 . 3874 216 L4571 357
8 . 3487 2u5 L4307 244 .4689 285
9 .9052 32935 . 3979 12902 1.000 46101
10 .B075 2165 L9423 11230 1.000 40864
11 .6033 1932 . 8797 12434 1.000 486782
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