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PREFACE

This investigation is a result of an effort to provide

LGLA/AFDSDC, Gunter AFS, Alabama with a general computer
network simulation model. The purpose of this model is

to provide computer network analysts an additional tool

with which to evaluate alternative computer network configu-
rations. I hope that this model will prove useful to LGLA

and to any others who want to investigate computer networks.

I wish to express my sincere thanks to Major Neal
Morgan of LGLA/AFDSDC Gunter AFS, Alabama, Major Kenneth
Melendez of AFIT/ENC, Mr. Richard M. Sowar of AFIT/SLSA,
Mr. Wayne J. Jansen of ASD/ADOS, and Captain Richard C.
Heidenreich of AFIT/ENE for their advice and guidance
during this project. I wish to thank Dr. Gary B. Lamont
for his advise and leadership as my advisor. Finally, I
wish to thank my wife Wendy for her emotional and secre-
tarial support throughout this undertaking.
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ABSTRACT

¥{The emphasis of this investigation is on the develop-
ment of a general computer network simulation model for the
evaluation of alternative computer network configurations.
The simulation model allows a computer network and its work-
load to be characterized and then allows selected perfor-
mance measures to be made.

The various phases of the development process are dis-
cussed. In the initial phase, symbolic system modeling and
simulation techniques are surveyed. This discussion dwells
heavily upon discrete-event modeling and simulation tech-
niques. Next, the component architectures and essential
performance measures of computer networks are investigated.
Then, a computer network model is presented. The features
of the network model are discussed ani a description of job
flow is given. This discussion describes the characteriza-
tion and interrelationships of the various model variables
and the algorithms governing their behavior.ﬁ&he imple-
mentation of the computer network model is thenfdescribed
and through a series of simulation experiments tgé behavior
of the computer network simulation model (implementation)
is compared with the behavior predicted by the network model.

The simulation experiments indicated that the simula-

tion model was an accurate reflection of the computer

viii
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network model., Several areas of potential improvement

to the model and simulation are indicated and discussed.
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A GENERAL COMPUTER NETWORK

SIMULATION MODEL
I. INTRODUCTION

The growing complexity of United States Air Force base-
level logistics functions, the increasing reliance of all
logistics functions on the use of computer facilities, and
the rapid advancements in computer and communications tech-
nology have led Air Force logistics systems developers to
become interested in computer networks. Computer networks
allow the sharing of computer resources on a much more
global scale than is possible with a single maxi-computer
time—shéring system. They are particularly interested in
those areas of computer network investigation which promise
to yield effective tools for analyzing and designing com-
puter networks.

Although computer networks differ significantly in
their construction and operation, the analysis and design
of all types consist of three principle phases: 1. the
design of the computer systems, interactive terminals.
terminal control units, front-end processors, modems, data
concentrators, multiplexers, and various other processing
and communication devices (all collectively called nodes) ;
2. the topological analysis and design to specify both the

capacity and location of each data communication channel

il e SR L
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(called transmission links), and the distribution of data
bases and applications software within the network; 3. the
design of transmission management software/hardware to
ensure the orderly flow of information within the network
(Ref 1:1385-1397). This investigation covers work done
toward the development of an effective tool for the analysis
and design of computer network topologies and computer net-

work data base and software distribution schemes.

Background

The STALOG - BASE-TOP logistics automated data pro-
cessing systems were to be the base-level corollaries to the
Air Force Logistics Command (AFLC) Advanced Logistics
System (ALS) (Ref 2). Where ALS was to be a wholesale
oriented (supplier) logistics information processing system,
STALOG - BASE-TOP was to be a retail oriented (consumer)
logistics information processing system. As originally
envisioned, the ALS would consist of six large, geograph-
ically dispersed, inter-connected, and on-line systems.
The six data processing centers were to be located at
Wright-Patterson AFB, Ohio; McClellan AFB, California; Kelly
AFB, Texas; Tinker AFB, Oklahoma; Hill AFB, Utah; and Robins
AFB, Georgia. Each site would be responsible for maintain-
ing the inventories appropriate for the associated logistics
center and additionally would have the capability of commun-
icating with the other data processing centers. The STALOG -

BASE-TOP systems were to be located at most Air Force Bases
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and would be required to meet the following functional needs:
1. Some Multiple-user data files.
2. Mobility of a unit in the field.
3. Modularity of implementation.
4. Geographically dispersed users per base.
5. A degree of inter-communication among users.
6. Some classified processing.
7. On-line data entry.
8. Availability of management reports.

9. Flexibility of functional needs among different
bases.

10. iﬁéféased workload during system life.
[Two of the above functional requirements, mobility and
security, deserve some clarification. Mobility refers to
the ability to physically deploy the processing power of a
given user from a fixed location to a remote location in
a relatively short period of time (on the order of days).
Security refers to the requirement of some users to be able
to process classified information concurrently with other
computing for periods up to 24 hours.]

11. Low risk of implementation failure.

12. Relative ease of implementation and testing.

13. Relative ease of used and user acceptability.

14, Minimized hardware and software cost.

15. Minimized personnel and development costs.

16. Minimized line/communications costs.

17. Low risk of failure, with relative ease of system
recovery at minimal cost.
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18. Minimal environmental impact (new/remodeled build-
ings, air conditioning, humidity control etc.).
19. Low maintenance costs.
20. Minimized operations costs.

21. Minimal conversion costs from existing automatic
data processing systems.

Complete implementation of the ALS has not been achieved.
The requirement for the extremely large data-base being
accessed in an on-line network type environment pushed the
current state-of-the-art (Ref 2:4) and cannot be achieved

with present day technology. With the demise of the

..Advanced. Logistics Systems, a new look had to be taken at

the STALOG - BASE-TOP concepts and the ways in which they
might be realized. One of the ways which is being evaluated

is a base-level computer network.

Problem Statement

The Logistics Applications and Special Studies Branch
of the USAF Data Systems Design Center (LGLA/AFDSDC), Gunter
AFS, Alabama, expressed a pedagogical interest in the
development of a general computer network system simulation
which would aid in the evaluation of proposed topological
configurations for base~level logistics information pro-
cessing computer networks. It was desired that a system
simulation allow evaluation of the following aspects of a
computer network's performance:

1. Reliability (percent).

2. Availability (percent).
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3. Survivability (percent).
4. Network effectiveness and efficiency.
5. Basic network configuration costs ($/month).

6. Data-base and applications software distribution.

Scope

This investigation discusses, first, the general devel-
opment of a symbolic system simulation (Chapter II). Result-
ing from this discussion, are discussions on; the various
components which make up a computer network (Chapter III),
computer network performance measures (Chapter IV), the
specifications‘of the general computer network system model
(Chapter V), and a description of the actual computer net-
work system simulation (Chapter VI). Finally, several
example simulation experiments, conclusions, and recommenda-

tions for future research are discussed in Chapter VII.

Approach

The development of the general computer network system
simulation, like the development of any other product, went
through clearly definable but overlapping and frequently
iterative steps. The following list indicates the steps
taken in the development of the general computer network
system simulation. A discussion of each step follows the
list.

1. Study system simulation in general.

2. Study computer network components in general.

3. Study computer network performance measures in
general.

5
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4., Design computer network system model.
5. Implement system model.
6. Conduct simulation experiments.

Simulation Study. A general study of system simulation

was conducted for the purpose of one, obtaining a rudimen-
tary knowledge of general system simulation, and two,
selecting an appropriate simulation technique to be used

in the development of the computer network system simulation.
The study of simulation techniques was limited to those which
were symbolic in nature, i.e., those which are based on
mathematical models and the use of a computer to perform the
simulation. Of the various symbolic system simulation tech-
niques studied, it was decided that a discrete event system
simulation would be used. This decision was based upon three
primary factors; first, the anticipated complexity of the
system model itself; second, the necessity to represent the
passage of time; and third, the degree of understanding of
this technique versus others. It was also at this time

that SIMSCRIPT I.5 was chosen as the simulation programming
language. This was due to; one, its ability to handle the
passage of time without real programmer intervention; two,
its similarity to FORTRAN as opposed to SIMSCRIPT II.5 and
SIMULA; three, the degree of familiarity of this simulation
language versus other, and finally, its availability here

at the Air Force Institute of Technology and at LGLA/AFDSDC.

Component Study. A general review of computer network

P4
literature (See supplemental bibliography) was conducted in

=
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order to develop a knowledge and understanding of what in
actuality composes a computer network. Such a review was
necessary as a partial foundation for the building of an
accurate computer network system model.

Performance Study. Computer network performance

measurement was investigated in order to determine the
different types of performance measures which could be made
on computer networks in general. The manner in which the
measurements were made and their applicability to a general
system model were also of interest. It was discovered that,
as in the field of computer performance measurement and
evaluation in general, there exist differences of opinion

as to the essential measurements to make and even as to the

definition of the measures themselves. A discussion of these

performance measures is found in Chapter 1IV.

Model Design. This fourth step in the development pro-

cess was concerned with the detailed design of a computer
network system model. That is, the symbolic description of
a computer network to the level of detail appropriate to the
questions to be asked of the model. These questions were:
1. What degree of network reliability, availability,
and survivability can be expected from a particular

network topology?

2. What are the component costs (S$S/month) associated
with a particular network topology?

3. What degree of effectiveness and efficiency can be
expected from selected network components given a
particular network workload and network topology?

4. How should data bases and applications software be
distributed throughout a network for a particular
network workload and network topology?

9
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These four questions, supplied by LGLA/AFDSDC, were the sole
motivation for the modeling process. It was during this
phase of the development that the true architecture of the
simulation model was described, i.e., the various network
components and their interrelationahips and the performance
measures to be used. Additionally, the program flow charts
specifying each program module were prepared and the rela-
tionships between the various program modules were estab-
lished.

Model Implementation. This fifth step was concerned

with the actual production of the computer network system
simulation. Major activities accomplished during this step
were the coding of the various program modules, the debugging
of these modules, and the intergration of these individual
modules into a complete simulation program.

Simulation Experiments. This final step in the devel-

opment process was taken in order to establish a certain
degree of confidence in the system simulation's performance.
That is, to establish to what degree the system simulation
reflect the computer network system model described in
Chapter V. A series of experiments were devised which it
was felt exercised all the various program modules in such
a way that any deviation from the system model would be
observed. This experimentation process was by no means
intended to serve as a formal verification and validation
of the general computer network system simulation. Such a
validation and verification effort was not within the scope

of this investigation.




B i N AR i+ A s O e R0

GCS/EE/77-3

II. SYMBOLIC SYSTEM SIMULATION

Introduction

A system analyst has available to him a number of simu-
lation techniques (Ref 3:425-447) which can provide a means
of applying his knowledge and understanding of the system
and its performance measures to satisfy his analysis needs.
Symbolic system simulation is one technique for analyzing a
system's behavior and is the one that will be discussed in
this chapter. Specifically, this chapter describes the
basic concepts of what constitutes a system, how a model
can be used to represent a system, and how a system and
model description effect the development of symbolic

system simulation.

Systems

A system is a collection of related entities, (i.e., a
job), each of which may be characterized by a set of attri-
butes (i.e., job priority) which may in themselves be
related. The relationships between the attributes of a
given entity are called functions and éuite often lend
themselves to some form of mathematical expression. The
relationships (functions) between the entities of a given
system can be one of two types; static or dynamic. Static

implies that the relationships does not change with time.
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Dynamic implies just the opposite. Collectively, the attri-
butes (i.e., their values) of an entity define its state,
and the states of the entities of a system define the state
of the system. These entity states can be viewed from both
a static or dynamic system standpoint and provide a signifi-
cant tool for examining system behavior. That is, they can
be viewed at a single point in time or over a series of
points in time.

The objectives in studying system behavior are to learn
how state transitions occur, to predict transitions in state,
and to control state transitions. One way in which these
objectives can be satisfied is thru the evaluation of alter-
natives (Ref 4). An evaluation of alternatives approach is
concerned with the relationship between system inputs, which
induce transitions in state and system outputs which measure
these transitions in state.

There are three common variants to the evaluation of
alternatives approach. The first is a straight-forward
analysis in which the system and its inputs are specified
and the outputs are then measured. The second is broader
in purpose and can be used to evaluate the relative merits
of alternative system design when the input is given and
certain desirable characteristics for the output are
specified. The third and final variant is where the system
is specified and an effort is made to determine the input
that produces the desired output. A combination of the

second and third approaches is used in this investigation.

10
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Every system has three basic features. It has an
environment in which it exists. It has a set of boundaries
which distinguish the system from the rest of its environ-
ment. And it has a set of subsystems which are its component

parts.

System Classification. Systems can bg classified in a
variety of ways (Ref 4). There are natural systems and
there are man-made systems. The distinction between the
two is obvious. There are open systems and there are closed
systems. The distinction here is not so obvious. An open
system is one which only exists in a particular environment.
A closed system, on the other hand, is one which can exist
in a number of alternative environments. Finally, there are
adaptive and nonadaptive systems. As their names imply,
these systems either can or cannot react to changes in their
environment. '

The distinction between an opén and a closed and an
adaptive and a nonadaptive system takes on real significance
when the system is being analyzed. Conclusions reached
about an open system must be carefully qualified in terms
of the system environment. Also, the analysis of and
adaptive system requires a complete description of how the
system environment brings about changes in system state.

System State. The state of a system is determined by

the values of the attributes of the system entities. The
analysis of a given system is the study of its transitions

in state as time elapses. If a system can be in a given

11
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set of states, then during any finite period of time the
system exhibits one of a set of possible sequences of
states. During any arbitrarily long period of time there
is a probability of a system being in a particular state
and also a probability of the current state changing to one
of the possible remaining states.

The state transition of a system is described by two
attributes (i.e., their values); magnitude and delay. The
magnitude of a state transition refers to the absolute
difference in an attribute's value over a specified period
of time compared to its value before the state change. The
delay associated with a transition of state refers to the
elapsed time between the arrival of an input and the actual
transition of state induced by the input. Delay reflects
the fact that an input can cause a transition state immedi-
ately upon its arrival, at some time after its arrival, or
over a period of time following its arrival (continuously).

When viewed together, the magnitude and delay in a
transition of state describe system response. That is, the
manner in which the system reacts to an input. Five possible
system responses are shown in Figure 1. A stable system
response is shown in Figures la, 1lb,and lc. In a stable
response, the system moves over some finite period of time
to a permanent new state of equilibrium (steady state) of
finite value as a result of a single input to the system.
If the initial value of the state variable under consider-

ation is zero, the system is said to be in the empty or idle

12
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e. Nonexplosive Unstable Response

Fig 1. Possible System Responses (Ref 4)
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state. A system in the process of moving from one steady
state to another is said to be in a transient state. The
last two definitions are important in considering when to
begin measuring output in a simulation experiment. Results,
as a general rule, should be taken only after a steady state
has been reached following the transition period from an
initial empty or idle system state. This reduces the influ-
ence of the system's disproportionate behavior during the
transition period on the overall evaluation of the system.
An unstable system response is shown in Figures 1d and le.
Figure 1d exhibits an explosively unstable response where
the value of the state variable continues to increase with
time without convergence to a new finite value. Figure le
shows a nonexplosiv=2 unstable system in which an equilibrium
level exists but where system response oscillates around
this level but does not converge to it.

System Performance. Earlier, three objectives were

given for analyzing a system. They were to learn how system
state transitions occur, to predict transitions in state,
and to control transitions in state. These specific objec-
tives for system analysis result from a desire or need to
improve system performance. In turn, system performance is
reflected in the sequence of states that a system assumes '
over a given period of time. Normally, these sequences of
system states are manipulated in some manner by the system
analyst to provide a series of performance measures.

The idea of what composes a performance measure, of

14
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course, varies with the system. For example, in Chapter IV

the essential measures of computer network performance will

be discussed. These measures would have little or no signif-
icance if applied to the evaluation of a natural gas pipeline
system.

In conducting the analysis of a complex system, it is
often desired to obtain only a "feel” for system performance.
It is exactly this type of analysis effort that can benefit
greatly from a careful consideration of what performance
measures will provide the needed "feel" or understanding of
the system. Failure to devote adequate time to determining
the performance measures to be used can lead to confusion
and delay later on in the analysis process.

System Optimization. The ultimate objective in analyz-

ing a system and in measuring its performance is to "opti-
mize" system performance. Generally, this system optimiza-
tion involves the identification of certain critical

system aspects and the development of certain procedures

to control these aspects. Usually, however, a number of
these critical system aspects are beyond the analyst's
observation. Such aspects impose constraints on system
behavior and preclude total system optimization, in which
case, the ultimate objective must be modified to one of
optimizing performance subject to certain constraints.

As is often the case with large complex systems, optimization
of the entire system is virtually impossible, due to the

sheer size of the system and the complexity of the
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relationships among the various subsystems. Thus, optimiza-
tion can and must occur with regard to individual subsystems

or selected groups of subsystems.

Models
The initial step in analyzing a system beyond defining
system components and identifying possible performance
measures, is to build a model of the system. Such a model
can be a representation of theory concerning the system or
a formal accounting of empirical observations of the system.
Usually, a model is a combination of theory and empirical
observation. The purposes of a model are many. In partic-
ular, it performs the following functions (Ref 4).
1. A model enables an analyst to organize his
theoretical descriptions and empirical observa-
tions about a system and to deduce the logical

implications of this organization.

2. A model leads an analyst to an improved under-
standing of the system.

3. A model brings into perspective the need for
detail and relevance when describing the system.

4. A model expedites the analysis of a system.

5. A model provides a framework for the evaluation
of alternative system configurations.

6. A model is easier to manipulate than an actual
system.

7. A model permits control of more sources of system
variation than the direct analysis of a physical
system will allow.

8. A model generally costs less to analyze than a
physical system.

Model Classification. A symbolic system model

16
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represents a system thru the use of mathematic equations and
algorithms. Symbolic or mathematical models can be distin-
guished according to three major characteristics. The first
characteristic separates symbolic models into analytical
models and numerical models (Ref 4). In an analytical

model it is possible to Qeduce the behavior of the system
under analysis directly from the system's mathematical
representation. Kirchoff's law is an example of an analyt-
ical model. A numerical model implies that an exact
deduction of system behavior is not feasible but that
numerical methods can provide descriptions of the behavior
for certain system aspects as defined in the numerical model.
Numerical integration is an example of a numerical model.

The second characteristic groups models into those that
are static and those that are dynamic. A static model either
omits consideration of the passage time entirely or describes
the state of a system at a specified point in time. On the
other hand, a dynamic model explicitly recognizes the passage
of time. A dynamic model may also specify the relationships
between the various system states at different points in
time. A Markov process model is an example of a dynamic
model that specifies both the passage of time and state
dependence.

The third and final major characterization makes the

distinction between a deterministic model and a probabilistic

model. In a deterministic system model, all the system

entities have fixed mathematical or logical relationships
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to each other. Consequently, the behavior of the system
under analysis is completely determined by these relation-
ships. 1In a probabilistic model, at least part of the entity
relationships vary in a random fashion. Thus, an analyst can,
at best, obtain an average description of a system behavior
by using a probabilistic model. There are a number of dif-
ferent model descriptions possible when the three sets of

model characteristics are combined.

Modeling Detail (Level of Observation)

During the model building process an analyst continually
must deal with the problem of balancing the need for struc-
tural detail in describing the system with the modeling
resources and capabilities available. By its very nature,

a system model is a formalized abstraction of reality, of

course, the more structural detail the model includes, the

more it is felt the model resembles the actual system. Addi-

tionally, increased modeling detail provides an increased

capability for observing system response to a given system

modification or series of system modifications. That 1is,

increased detail provides more combinations of system -
modifications which can be made and more aspects of system

response which can be measured.

While it appears to be desirable to include as much
modeling detail as possible in a model, there are several
problems which result from this increased detail that must

be considered. First, generally speaking, increased detail

18
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makes the modeling process more difficult. Second, it
usually shifts the model characterization from analytical
to numerical. Third, and most important, the analyst quite
often does not understand the system to a degree that will
allow specification of the system to the desired detail.
Fourth, and finally, the inclusion of increased detail may
place an increased and unacceptable demand on analysis
resources, i.e., money, time, personnel, facilities, etc.
Every type of system model must limit the amount of
structural detail it includes. The degree to which this
detail is limited must be determined through a process of
balancing the original system analysis objectives against

the analysis resources.

Modeling Dangers

Although one of the purposes of building a system model
is to improve the analyst's understanding of the systen,
there are three hazards associated with achieving this
purpose (Ref 4). First, there is no guarantee that the
results of the modeling effort will prove to be useful.
Occasionally, this type of failure is due to a lack of
adequate resources. More often, however, it is a case of
an improper balance between available resources and the
system analysis objectives. The second hazard deals with
the analyst himself, in that he may come to think of his
particular description of the system as the most accurate
representation of reality. The third and most critical

hazard involves the use of the model to analyze aspects
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of the system which the model was not intended to analyze.
In other words to extrapolate the use of the system model

without sufficient qualification.

Discrete Event Simulation

This section presents concepts applicable to the con-
struction of a discrete event simulation model. An event
denotes a transition in the state of a system entity.

Thus, a discrete event simulation model can be defined as

a model of system behavior in which entity state transitions
are represented as a series of events occurring at discrete
points in time.

Following is a discussion of event timing and entity/
attribute relationships. The purpose of the discussion is
to establish their importance in the realization of a
discrete event system model. Additionally, alternative
discrete event modeling techniques are discussed.

Event Timing. The actual approach to the discrete

event modeling of a particular system depends on the nature
of the events' inter-arrival rates. That is, whether these
inter-arrival rates are deterministic or random in nature.
If the inter-arrival rates are deterministic, then the
modeling techniques used must reflect inter-arrival rates
which vary according to a fixed relation or are equal. If
the inter-arrival rates are random, then the modeling tech-
niques must reflect their randomness.

With either type of inter-arrival rate, the occurrence
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of an event signifies a transition in the state of the
system. The states of system entities remain constant
between the occurrence of events, therefore there is no
need to account for this dead time in a discrete event
system model. When a particular event\occurs all the
state transitions associated with the event are made, then
simulated time is advanced to the time of the next event,
where once again the required state transitions are made.
This next event techniques allows the analyst to compress
time.

Entity-Attribute Relationships. There are two types

of primary structural relationships which play a significant
role in the modeling of a system. The first are the mathe-
matical relationships which exist between the attributes
associated with the various system entities. Sometimes

the specification of the mathematical relationships for

a system serves to completely describe the manner in which
system state transitions occur. The second are the logical
relationships which exist between system components. A
logical relationship checks to see if a certain condition
holds. If it does, a given action is taken. If it does
not hold, an alternative action is taken. Normally, a
system is not modeled solely through the use of just one
type of relationship, but through a mixture.

Alternative Modeling Techniques. There are three

primary ways of building discrete event system models

(Ref 5). The event scheduling technique emphasizes the

21
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detailed description of the steps that occur during the
processing of an event. Usually, an event naturally has

a distinct series of steps associated with it. The
activity scanning technique emphasizes the review of all
activities in a simulation to determine which can be ini-
tiated and terminated during the occurrence of a given
event. Finally, the process interaction technique empha-
sizes the continuous progress of an entity through a system.
That is, from its arrival event to its departure event.

The development of the three techniques mentioned above

has been directly associated with the development of dis-
crete event simulation programming languages. In partic-
ular, GASP and SIMSCRIPT use the event scheduling technique;
CSL uses the activity scanning technique; and GPSS and
SIMULA use the process interaction technique (Ref 6:723-741).

Queueing Models. The majority of discrete event simu-

lation models are reducible to a series of queueing problems.
In a queueing problem, an arrival event occurs and causes

an entity to demand that a service be performed. The sys-
tem responds to the demand for service either by performing
it or by keeping the entity waiting (places it in a queue)
until it can perform the required service.

The objective in queueing oriented problems is usually
to analyze how system performance varies in response to
changes in system worklcad, system resource characteristics,
or task selection schemes. In a given workload, system

resources, and task selection must be resolved and
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explicitly specified in the simulation model.

Summarx

The primary objective in developing a symbolic system
simulation is to provide a system analyst with a tool which
will allow him to analyze a system and measure its perfor-
mance. The ultimate objective being to "optimize" system
performance.

The development of a symbolic system simulation is a
process which is composed of several well-defined steps.
The first step requires that the analyst acquire a basic
understanding of what cbmponents or subsystems make up a
system, the analysis objectives, and the performance mea-
sures that are desired to be and should be made on the
system. The next step is to describe the system as a
collection. of related entities each of which may be charac-
terized by a set of attributes which may in themselves be
related. This system description exists in an environment
and is distinguished from this environment by system bound-
aries. The actual system description can be accomplished
through the use of a symbolic model. This symbolic model
can be either a representation of theory concerning the
system or a formal accounting of empirical observation of
the system. A symbolic or mathematical model can be either
analytical or probabilistic. The final step involves the
actual translation into a program for conducting system

simulation experiments.
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IIT. COMPUTER NETWORK COMPONENTS

Introduction

A computer network is any system composed of one or
more computers and associated terminals, communication
devices, transmission facilities, and specialized or general
purpose transmission management software/hardware to facil-
itate the flow of information between terminals and/or
computers. These components are the entities and sub-
systems which compose the network system and whose attri-
butes and interrelationships must be defined and understood
before any type of system analysis is possible.

The specific characteristics of the network components
depend greatly upon the manner in which the computer net-
work is implemented. This chapter will discuss, in general,
the computer network topologies, the communication devices,
the transmission facilities, and the transmission management

software/hardware which compose a computer.

Network Architectures and Topologies

Computer networks can be classified according to their
network architecture and topological structure. A network
architecture has two basic levels; the global level of the
overall computer networkin: approach and the local level of
individual terminal network access. In a simple network,

terminal access lines comprise the entire network structure.
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Thus, there is no difference between the global and local
levels. In more complex networks, there are communication .
devices and transmission facilities in addition to the host ]
computers and the interactive terminals. Some or all of
the interactive terminals must communicate with the various
host computers by first communicating with the associated

communication devices. Thus there is a distinct difference g

between the global and local levels.

In the following, the global network architecture will
be classified by topological structure as ring, centralized,
or distributed. The terminal access architecture will be
classified by topological structure as ring, star, or

multipoint.

Global Network Architecture

»

Ring Topology. In a ring topology, a ringxor loop type

network is formed by a number of communication processors.
The host processors and interactive terminals desiring to
communicate with each other are connected to the communica-
tion processors and thus the global ring network. An
example is shown in Figure 2. The primary function of the
communication processors is to provide the interface for

the terminals and host computers with the ring. More than

one terminal and/or host computer may be connected to a
given communication processor. t
The communication processors cross their input and

output lines with a shift register. The communication
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processors switch information from input to output by shift-
ing incoming information from transmission channels through
their shift registers. The transmission channel capacity
of the ring is multiplex into a series of time slots. For
example, assume that a 10KBPS channel is divided into 20
slots. Each slot will then consist of 500 bits. The time
slots flow through the ring from connumication processor
to communication processor in one direction only (either
clockwise or counter-clockwise). When a terminal or com-
puter makes a transmission request, the request is first
sent to and stored in its associated communication pro-
cessor. The transmission request is then subdivided into
blocks or packets which will fit into the time slots. A
message header is attached to each block to indicate the
transmission origin and destination. The communication
processor then checks the shift register and waits for an
empty time slot. When an empty time slot is detected, the
block is shifted onto the channel to occupy the time slot.
The communication processor also has the responsibility to
detect which of the occupied time slots are addressed to
it (Ref 7:527-530).

Sometimes a small computer is included in the ring to
act as a ring supervisor. The ring supervisor acts as a
transmission manager for the ring. A global network archi-
tecture can consist of several rings interconnected by
another small computer acting as a switching processor.

This switching processor controls the switching of messages
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from ring to ring.

The following are typical characteristics of networks
with global ring topologies;

1. Easy to design.

2. Low in Cost.

3. High transmission channel throughput.

4, Low network reliability.

5. Higher transmission channel cost.

6. Possibly more suitable for inter-connecting

terminals and host computers in a small geographic

area than for a transcontinental network.

Centralized Topology. A centralized network can con-

sist of a central host computer with a number of terminals
connected directly to it to form a simple star structure.
A centralized network can also consist of several simple
stars connected to a central host computer. Thus, forming
a far more complex centralized global network. An example
of a centralized global network topology is shown in
Figure 3.

A general transmission path between a terminal and a
central host computer has the following sequence: terminal
to terminal control unit, to multiplexer, to data concen-
trator, to front-end processor, to central host computer.
While the above transmission path is what will generally
be found in a structure of this type, not every centralized
network or transmission path need contain terminal control
units, multiplexers, or data concentrators.

The following are typical characteristics of networks
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with global centralized topologies:

1. The computing and message switching facilities
are centrally located at one site.

2. It has a tree-like appearance.

3. There is a unique transmission path between a .
terminal and its central host computer. :

4, It is a terminal oriented network. Information
flow is between a large number of terminals and
their central host computers. There is little
or no information flow between the central host
computers.

Distributed Topology. In a global distributed network

topology, several geographically distsibuted store-and-
forward communication processors are connected together
(either partially or fully) with dedicated transmission
links to form a backbone network which is also called the
communication subnet. See Figure 4 on the next page. The
backbone network acts as a common user service to both
terminals and computers. In order to communicate, terminals
and computers must first access a store-and-~forward communi-
cation processor. Messages are then sent through the
backbone network by the communication processors. Networks
of this type are normally classified according to their use
of message or packet switching for transmission switching
within the backbone network.

In message switching, messages are sent in their
entirety along a predetermined fixed transmission path
from source to terminal. At each communication processor
along the path, the message is first stored on an on-line :t

mass storage device or on an off-line mass storage device,
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and then forwarded to the next communication processor
when the required transmission channel is available. Com~
pared with packet switching to be discussed below, conven-
tional message switching has the following disadvantages
(Ref 8:271-309):

1. The communication processors are very expensive.

2. Long message delays can be incurred.

3. Less efficiency in utilizing network resources.

4. Less flexibility in adjusting to fluctuations in
network conditions.

With regard to packet-switching, the basic difference
between it and message-switching is that in packet-switching,
a message is divided into frames or packets before it is
transmitted and is reassembled when it reaches its destina-
tion. See Figure 5. The primary advantages of packet-
switching is that the packets can be stored in the main
memory of the communication processor, instead of an on-line
or off-line mass storage device. This reduced substantially
both the message delay time and the communication processor
cost.

Many of the packet-switching's desirable characteris-
tics result from the use of adaptive routing. This is
where the transmission path between any two points in the
network is not chosen in advance, but, is dynamicaliy
chosen based upon network conditions at the time. With
this ability to allocate its resources based upon current

conditions, the network is able to overcome the adverse
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effects of temporary channel or communication device over-
load and failed backbone network components.

To transmit a message, the source precedes the message
text with a terminal address and sends it to its associated
communications processor. This communications processor
then dynamically determines the best transmission path or !
route, provides error control, and notifies the source of
the message receipt.

When a message is ready for transmission, the originat-
ing comaunication processor divides the message into one or
more packets, each packet carries the appropriate header
information. Each packet is then transmitted and makes its
way independently through the network to the terminal com-
munication processor, where the packets are reassembled
into the original message and then sent to the intended E
terminal. |

A packet-switched store-and-forwarcd distributed network
topology provides economical, fast, and reliable services to
its users. However, it is advantageous over other ap- '
proaches such as message-switching only if there is a large

amount of traffic among widespread users (Ref 9:543-549).

Terminal Access Network Architectures

Ring Topology. In this type of local network archi-
g % gy

tecture, a terminal control unit and its associated
terminals are configured in a ring or loop in the same

manner as described earlier. The terminal control unit
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acting as a communication processor interfaces with the ring
of communication processors. IBM's 3600 system is an ex-
ample of such an architecture (Ref 10).

Star Topology. A star terminal access architecture

consists of a series of point-to-point connections. Every
local access transmission line connects only one inter-
active terminal to a terminal control unit port, a multi-
plexer port, a concentrator port, and a computer port.

Multipoint Topology. A multipoint line has a tree-

line appearance. In this topology, a number of terminals
share one dedicated line; with terminals accessing the
terminal control unit port either by contention or under

the control of the terminal control unit itself.

Communication Devices

The classification of computer networks according
their network architecture and topological structure also
provides a basis for the classification and discussion of
the communication devices associated with each topology.
Thus, in this section, computer network communication
devices will be discussed in terms of the topoloty with
which they are most generally associated, i.e., ring,

centralized, or distributed.

Communication Devices Used in a Ring Network

There are three major communication functions to be
performed in a ring network (Ref 11:2947-2978):

1. Ring interfacing.
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2. Ring control.

3. /Switching between a ring network and another
network.

Ring Interface. The ring interface is the communica-

tion processor mentioned earlier and basically consists of,

a shift register, buffers and an associative store which
can be written into by its connected terminals and host
computers. A communication processor may be a minicomputer,
a hard-wired device, or a microprocessor. The essential
tasks it must perform are:

1. Breaking messages into time slot size blocks.

2. Detecting a usable empty time slot.

3. Shifting departing blocks onto the ring.

4., Detecting arriving blocks.

5. Shifting arrived blocks into buffers.

6. Error Control.

7. Erasing delivered blocks from ring slots.

Ring Controller. The essential tasks to be performed

by a communication processor acting as the ring controller
are:
1. Maintaining synchronization of the ring.

2. Preventing the build up of traffic in the ring
because of undeliverable blocks.

3. Assigning empty slots when required.

Switch. Message blocks with a terminal destination

outside a particular ring network have header addresses
indicating this and are detected by a switch in the same

manner that intra-ring blocks are detected by the ring
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communication processors. These blocks are buffered and
shifted onto the adjoining network in the same way that ring
blocks are shifted onto a ring by the communication pro-

cessors.

Communication Devices Used in a Centralized Network

There are three major communication devices associated
with a centralized computer network: a multiplexer, a data
concentrator, and a front-end processor. Additionally, there
are several other communication devices which can be used
in a centralized network and which will be discussed here.

Multiplexer. Two definitions need to be made at this

point. The term facility will be used to refer to that
part of the telephone plant which is described in terms of
“its properties as a transmjssion medium. The term channel
will refer to any functional transmission path. A channel
is characterized by its channel capacity, i.e., the maximum
rate at which information can flow through the channel. The
channel capacity depends on a number of factors, such as

the band width of the facility and the hardware characteris-
tics of the modems. The use of one facility to form several
separate channels is called multiplexing. A device which
combines multiple facilities, each possessing one or more
distinct channels, into a single facility with the same
distinct channels, is cal}ed a multiplexer. A device which
performs the reverse process is called a demultiplexer.

Many current devices perform multiplexing in one direction,
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and demultiplexing in the other direction. Such a device
is simply called a multiplexer (Ref 12:161-168).

The channel is the functional transmission path, where
the facility is part of the hardware used to form the channel.
A multiplexer does not change the channel structure of the
network. Thus, the multiplexer is functionally transparent.

Data Concentrator. Consider a communication device

having several facilities connected to its input, and only
one facility connected to its output. From this description,
the device might be a multiplexer. However, it is distin-
guished from a multiplexer by the following characteristics:
the single facility on the output side of the device carries
only one channel, the capacity of which is less than the sum
of all of the channel capacities on the input side of the
device. Such a communication device is called a data con-
centrator (Ref 13:1313-1321).

The percent of time a channel is in use is called its
utilization. Most interactive‘terminals generate data
transmissions at a rate which is much less than the capacity
of the channel. Thus, resulting in low channel utilization.
A concentrator is advantageous to use, in that it replaces
several under utilized channels with one highly utilized
channel. A prerequisite for concentrator use is that its
output channel capacity must be greater than the sum of
the average data rates of the terminals on its input
channels. A multiplexer is transparent to the channel

structure of a network; a concentrator is not.
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Front-End Processor. The central host computer and the

terminals of a centralized network use the network to inter-
change information. The general means of transferring
information between the central host computer and the ter-
minals and the computers connected to it, is thru its
input/cutput channels. Certain devices, such as printers,
disks, tape units, etc., are connected to the central
computer with a hardwired interface. 1In the case of a
communications link, the modem which terminates the 1link
must be interfaced with the central computer. The overhead
required for the central computer to itself interface with
many communication link modems is too great to be economi-
cally feasible. Thus, a sophisticated interface (Front-End
Processor) is used to handle the model interfacing, and only
essential information is transferred through one of its
input/output channels to the central host computers. Mini-
computers are often used as Front~End Processors.

Other Devices. There are a number of other communica-

tion devices which are commonly used in a centralized net-
work. The modem is used to interface the computer and
terminal digital baseband requirement with the voice-grade
telephone line analogue bandpass requirement. The modem
sharing unit is a device for connecting several terminals
to a single modem. A port sharing unit is a communication
device for connecting several modems to a single multi-
plexer, data concentrator, or a computer port. A biplexer

is a device which utilizes two voice-grade lines to

39

ks




GCS/EE/77-3

effectively achieve a single high speed channel.

D,

Communication Devices Used in Distributed Networks

The basic communication devices used in a store-and-

Rt Bt L

forward packet-switched distributed network are the communi- ;

cation processors. There are three major functions which i

Sl o8

_geape

the communication processors must perform:

1. Interface the interactive terminals with the back-
bone network. |

2. Interface the host computers with the backbone A
network.

S e

3. Manage the flow of information through the back-
bone network.

These three functions can be performed by three distinctive

types of communication processors. One or more of the
functions can be performed by one communication processor.
Or, a host computer or a remote concentrator may perform
all or part of the two interfacing functions.

In the following, each function will be discussed as
if it were being performed by a distinct communication
processor.

Terminal-Communication Subnet Interface. The communi-

cation processor serving as a terminal-communication subnet
interface must perform the following tasks:
1. Recognizing functional message applications, such
as file transfers, remote-job-entry, etc., so
that appropriate protocols can be applied.
2. Dividing outgoing messages into packets.

3. Formating the message packets.

4, Code-converting for a variety of different types
of terminals.
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5. Attaching the message packet headers and trailers.

6. Storing of unacknowledged message packets for
possible retransmission.

7. Reassembling of received message packets.

Host Computer-Communication Subnet Interfaces. The

communication processor serving as a host computer-communi-
cation subnet interface is responsible for the following
tasks:

1. Dividing outgoing messages into blocks which are
compatible with the network protocol.

2. Formatting and code-converting the message blocks
into a standard format and code acceptable to the
network.

3. Attaching the message block headers and trailers.

4, Storing the unacknowledged message blocks for
possible retransmission.

5. Reassembling received message blocks into messages.

6. Dividing outgoing message blocks into packets
which are acceptable to the network protocol.

7. Attaching the packet headers and trailers.

8. Storing the unacknowledged packets for possible
retransmission.

9. Reassembling received packets into message blocks.

10. Controlling the message input rate to avoid over-
load.

Information Flow Manager. The communication processor

serving as the network information flow manager has the
most important function of all the communication processors.
Among the tasks for which it is responsible are:

1. Routing packets to the appropriate output links

according to packet destination, network condition
and routing table information.
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2. Periodically updating the routing-tables.
3. Detecting network component failures.
4. Recovering from component failures.

5. Controlling the message input rates to avoid
overload.

6. Detecting and controlling errors.
7. Acknowledging packet receipt.

8. Collecting network communication statistics.

Transmission Facilities

Transmission Signalling

There are two basic methods by which digital signals
are transmitted. They can be transmitted as they are, with-
out modulation, or they can be superimposed or modulated
upon a higher frequency which carries them. Without modu-
lation, a signal cannot be transmitted over long distances
due to signal distortion caused by the transmission line.

If the signal is to be modulated, then it can either be
transmitted in an analog or digital formn.

Baseband Transmission. The transmission of data

signals at their original frequency and shape is called
baseband transmission. Baseband transmissions can be
transmitted over open wire pairs for distances of a few
miles and at speeds up to 300 bits per second. (Ref 14:
119-128) .

Analog Transmission. Nearly all existing computer

networks rely on commercial telephone facilities for data
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transmission. Today's commercial telephone facilities are
designed for voice transmission and almost all such facili-
ties use analog transmission with frequency division multi-
plexing. With proper modulation techniques, up to 4800
bits per second can be derived from a dial-up line and with
proper line conditioning up to 9600 bits per second can be
derived from a voice-grade leased line (Ref 13:1314).

Digital Transmission. In constrast to analog trans-

mission, digital transmission uses a train of high rate
pulses to carry the transmitted information instead of a
sinusoidal or analog carrier. Using pulse code modulation
techniques, transmission rates of up to 56,000 bits per
second are possible using the Bell System's Tl carrier

(Ref 14:119-128).

Terminal Access and Trunk Transmission Lines

Terminal Access Transmission Lines. Terminal access

transmission lines are the transmission lines on the slower
speed side of the multiplexers, concentrators, communica-
tion processors, etc., connecting the various terminals to
the network. With the exception of remote-job-entry and
graphics terminals, terminal transmission rates are usually

lower than 2400 bits per second. The remote-job-entry and

graphics terminals transmission rates are usually no higher

than 4800 bits per second. Consequently, a terminal access
transmission line is usually a subvoice line, a voice-grade

line with a medium speed moden, or a dial-up connection.
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Trunk Transmission Lines. Trunk transmission lines are

the transmission lines on the higher speed side of the multi-
plexers, concentrators, communication processors, etc., con-
necting the various communication processors to one another
or to the host computers. The type and rate of the trans-
mission lines used as trunk lines tends to vary with the |
global topology of the computer network. In a ring net-
work, very high speed 1,544 megabits per second lines are
usually used. In a centralized network, the lines merging
from a multiplexer or a data concentrator usually range in
the transmission rate from 2400 to 9600 bits per second.

In store-—and-forward packet-switched distributed networks,
the trunk line transmission rates rang upwards from 9600

bits per second. 3

Transmission Management Software/Hardware

In a computer network, it is essential that a series
of basic transmission ccntrol procedures be established
to ensure the efficient and accurate transfer of information
within the network. The primary functions of these control
procedures are:

1. To insure efficient and orderly use of transmission
resources.

2. To make the network convenient to the users.
3. To prevent the loss of information.

4. To perform error detection and correction.

5. To detect and recover from network component
failures.
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6. To prevent and recover from transmission overloads
and deadlocks.

These procedures differ in their degree of complexity as

they are applied to the three different global network topol-

ogies. However, they can generally be partitioned into

three categories: :
1. Communications Protocols. 8
2. Flow control strategies.

3. Routing strategies. |

Communication Protocols

A communication protocol is a series of procedures
established to manage the exchange of information between
two network communication components. The protocol pro-
vides standard format and code representations which allow d

the communicating components to understand each other.

Communication protocols can be classified into five
levels depending on the network components with which they
are associated (Ref 15:271-279). A given computer network d

may not use or require all of the five protocol levels.

Line Control Procedures. This is the lowest level d
H
communication protocol. It manages the physical trans- i
mission medium and does some automatic error detection

and correction.

Communication Processor Pair Procedures. This protocol

-a

level provides transmission error detection and correction,

flow control, and routing.
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Host Computer/Terminal and Communication Processor

Pair Procedures. This protocol level establishes the proce-

dures which permit a host computer/terminal to transmit
messages to other host computers/terminals and have the
message's receipt acknowledged.

Host Computer Pair Procedures. This protocol level

allows a number of host computers to transfer information
between processes running on separate computers.

User Process Pair Procedures. This is the fifth and

highest level of communication protocols. It provides user
processes (e.g. an interactive terminal) with a general set
of language primitives which isolate them from many of the
details of the operating system and the transmission opera-

tion and control procedures.

Flow Control Strategies

A flow control strategy is a set of procedures which
regulate the acceptance of information for transfer into
the network. Flow control procedures regulare the amount
and rate of information a communication processor can
accept. This is done in order to prevent or minimize
the occurrence of transmission overloads and deadlocks.
As with communication protocols, flow control strategies
differ in their approach and complexity with the global
topology of the computer network. However, they all
basically achieve the required control of transmission

flow by allowing a message to be input only if a buffer
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has been reserved for it, and/or by limiting a message
input if the number of occupied buffers reaches a previously

specified limit (Ref 16:422-515).

Routing Strategies

A routine strategy manages the output queues in the
various communication processors. It decides when and where
a message should be transmitted. Its objective is to mini-
mize message delay time and at the same time optimize the
message throughput. The routing problem in networks with
a centralized or ring global topology is normally quite
simple: for there is usually only one transmission path
available from origin to destination. In such cases, a
message must simply wait until the path it must use is not
busy in order to be transmitted. L

For the distributed global topology network, however,
the routing problem is far more complicated. Routing
strategies for such networks do exist and can be charac-
terized as being a deterministic or adaptable strategy,
as providing centralized or distributed control, and as
utilizing single or multiple transmission paths (Ref 16:
270-421).

Deterministic and Adaptive Strategies. 1In a deter-

ministic routing strategy, message packets being transmitted
between a given pair of communication processors will always
be routed over the same transmission path, unless there is

a network component failure. In an adaptive routing

47

P oy




i R S5 P S R SRR 1 R R B N 3, e et e Sl

GCS/EE/77-3

strategy, message packets being transmitted between a given
pair of communication processors will not necessarily always
be routed over the same transmission path. The path used

| will be determined dynamically, based upon network condi-

i tions at the time the transmission request is made.

Centralized and Distributed Control. Centralized

routing control calls for all route determination to be

made by a single communication processor. Distributed

e W

routing control calls for a best route to be determined
by each originating communication processor.

Single and Multiple Paths. As its name implies, a

é single path routing strategy provides for only one trans-
mission path between a given pair of communication proces-
sors. A multiple path strategy provides for two or more

distinct transmission paths between a given pair of |

communication processors.

Summarz

There are basically three types of computer networks;

ring, centralized, and distributed store-and-forward.

Each type of network is composed of three primary sets

of components; communication devices, transmission
facilities, and transmission management software/hardware.
Communication devices carry out the functions of message
switching, network control, and interfacing. Transmission
facilities interconnect communication devices, terminals,

and host computers. Transmission management software/
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hardware ensures the efficient and orderly transfer of

SRR ORI S SRS+ = iy

information between the various components of a computer

pdlons

network.

The parts which make up the whole of a computer net-

work are numerous and varied. However, a basic awareness
and understanding of these parts is essential in any effort

to analyze and model a computer network.
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IV. COMPUTER NETWORK PERFORMANCE MEASURES

Introduction

A basic understanding of computer network performance
measurement is essential throughout the computer network
analysis cycle, i.e., from problem definition to simulation
experimentation. However, the measurement of computer net-
work performance is difficult and at times totally quali-
tative in nature. This is due to the multitude of different
components (hardware and software) that are to be found in
a computer network. To evaluate a network effectively, a
set of performance measures that encompasses the network
topologies, communication devices, transmission facilities,
and transmission management software/hardware and treats
them as a single system, must be employed.

The National Bureau of Standards (NBS) (Ref 17) defines
nine measures for evaluating computer network system per-
formance. They are:

1. Availability.

2. Reliability.

3. Transfer Rate.

4. Accuracy.

5. Channel-Establishment Time.

6. Network Delay.

7. Channel-Turnaround Delay.

8. Transparency.
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9. Network Security.
These nine measures do not represent all the possible per-
formance measures, but they are considered to be the most
essential and can be applied to any computer network and

provide a basis for comparison with other networks.

Availability

Availability is defined as that portion of a specified
time interval during which the transmission path is capable
of performing its function. Availability is expressed as
a percentage.

This definition is commonly used when discussing data
transmission systems. However, it should be noted that
American Telephone and Telegraph (AT&T) defines availability
less rigorously as the percentage of time during which a
telephone channel is operating within its specifications.

In comparing the first (NBS) definition with the AT&T
definitions, it should be noted that the second definition
includes only the transmission channel. This means that the
percentage availability as defined by the NBS definition
will be much lower than the percentage availability based

on the AT&T definition.

A computer network's availability is decreased not
only by component failures but also by transmission over-
loads caused by either messages contending for a trans-

mission channel or by the inability of the transmission

processing equipment to handle all the transmission
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requests made to it at a given instant of time. The network
availability should at least fall within the range of the

associated host computers availabilities.

Reliability

Reliability is defined as the probability that a trans-

mission request has been successfully completed. Expressed
as a percentage, reliability differs from availability in
that it describes the performance of a network after it
has accepted a transmission request from its source.
Directly related to network reliability is network
survivability. While more of a concern in military computer
network applications, overhead and not part of the useful
information transferred. Obviously, the latter group will

always arrive at a lower transfer rate.

Accuracy

Accuracy or residual-error rate or undetected-error
rate is defined as the ratio of undetected error bits
received at a terminal station to the number of information
bits transmitted to that terminal station. The value of
the residual-error-rate (RER) is computed by the equation

RER = (Ce + Cu e Cd) / Ct

Where

Ce = the number of erroneous information bits accepted
by the receiving terminal station.

Cu = the number of information bits transmitted, but not

received by the terminal station.

92




GCS/EE/77-3

C. = the number of duplicate information bits accepted
by the receiving terminal station, though they were &
not intended for duplication. 1

Ct = the number of information bits in the total trans- , |
mission. |
Accuracy is expressed in the number of error bits per the 7

number of information bits transmitted.

Channel-Establishment Time ;

Channel-establishment time is defined as the period ;
of time required for network communication devices, trans- L;
mission facilities, and transmission management software/

hardware to connect a calling terminal station with a i

called terminal station. The channel-establishment time

includes both the time required to place the transmission
request and the time required for the network to complete
the connection. Channel-establishment time is normally
expressed in terms of seconds.

The significance of a channel-establishment time
varies with the network user applications. If a user
expects to have lengthy dialogs survivability can be de-
fined in the same manner as is reliability. The difference
in the two terms lies not in their basic definition but in
the ways in which a network might experience component fail-
ures. In considering reliability, internal network com-
ponent failures are of primary concern. In considering

survivability, external network component failures such

as those caused by hostile attacks, acts of nature, etc.,

are of primary concern. k
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The approach most often taken in overcoming possible
reliability and/or survivability problems is simple redun-
dancy, i.e., providing alternate transmission facilities
and communication devices. Additionally, the transmission
management software/hardware can provide component failure
detection and automatic component switchover to minimize

the mean-time-to-repair.

Transfer Rate

Transfer rate is defined as the ratio of the number
of information bits accepted by a receiving terminal during
a single information transfer period to the duration of the
transfer period. Transfer rate is expressed in bits per
second.

In calculating network transfer rate, the transmission
channel capacity specified by the carrier is the upper limit
for the transfer rate. In an operating network, the trans-
missior management procedures, propagation delay, channel
turnaround time, and the retransmission of erroneous
messages all subtract from this transfer rate upper limit.
The point should be made that there are differing defini-
tions of just what constitutes an information transfer.
Most communications engineers consider transmission block
headers and trailers to be part of the useful information
transferred. On the other hand, some applications-oriented
users consider such headers and trailers as simply with a
number of the network members, he may find channel-
establishment time to be quite significant.
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Network Delay

Network delay or message transfer time is defined as
the period of time required for a message to be transmitted
from a source terminal station to a sink terminal station.
Network delay is usually recorded in terms of milliseconds. 1

The network delay depends on the characteristics of

the terminal facilities, i.e., their buffer capacities,
the volume of information being transferred, the protocol
handshaking required, the mode of transmission channel
operation (half-or full-duplex), and the reliability of
the transmission channel itself.

Long network delays in an interactive environment
involving short bursts of conversational infomration ex-
change are undesirable. This is because an operator's
“typing speed and/or the data input process would have to
be slowed down and thus become inconvenient and annoying
to the user. Long network delays, especially on the half-
duplex transmission channels, seriously reduce the infor-
mation transfer rate for short blocks of information by
greatly increasing the time required for block acknowledge-
ments. Such delays tend to force the use of a longer

information block and greater terminal buffer storage.

Channel~Turnaround Delay

Channel-turnaround delay is defined as the time

required by a half-duplex transmission channel to reverse

its direction of transmission. Full-duplex channels do
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not incur turnaround delays because transmission in each
direction is permanently established.

Channel-turnaround delay reduces the information trans-
fer rate for half-duplex channels by increasing the time
required for block acknowledgements. As with network delay,
this delay can be offset to some extent by using longer

message blocks and larger storage buffers.

Transparency | 4

Transparency 1is a totally qualitative term which
describes the lack of code or procedural constraints
imposed on network information processing by network com-
munication devices, transmission facilities, and trans-

mission management software/hardware.

The lack of transparency bespeaks a need for changes
in the network components or a need for user education in
order to avoid conflict between the information processing
and the communication portions of the computer network.

Most transmission protocols have a problem with code
transparency. For example, in the basic mode control pro-
cedure (ANSI X3.28-1971) an end-of-transmission code cannot
be used within the text of a message, because it may cause
a channel disconnection. As a result, the entire message
text must be scanned and modified in order to remove any
illegal bit sequences. This detection and modification
process, which may be handled in either hardware or soft-

ware, extends the length of the message, reducing the
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information transfer rate. In a worst-case situation, the
message actually transmitted thru the network might be
nearly twice as long as the originally specified message.
Transparent protocols do, however, exist. Digital Equip-

ment Corporations' DDCMP Protocol is an example.

* i

Network Security

Network security is another totally qualitative term
used to describe the degree of protection afforded infor- ; 
mation handled in a computer network from unauthorized
access. The importance of network security, of course,
depends on the sensitivity of the information being handled.
For most military and governmental networks, security is of
considerable importance. For many commercial networks, the
threst of industrial espionage and malicious damage place
importance on network security.
The security of information is effected by the host
computers, the communication devices, the transmission
facilities, the transmission management software/hardware,
the terminal station, the terminal station user authoriza-
tion to use the network, and the isolation of user's files
from each other. Of all of these network components, the
communication devices, the transmission facilities, and the L
transmission management software/hardware are the most
vulnerable to the unauthorized access of information.

Distributed networks provide an inherent but limited

degree of security due to the alternative routing of
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successive message packets. This makes eavesdropping on
any single channel less effective in that it may not provide
access to the complete message. A distributed network can
also set up a closed users group. This is a logically
defined network of users within the physical network.
Access to this logical network by unauthorized network
members is prevented by the transmission management soft-
ware/hardware. The most effective method of providing
information security, however, is through information
encryption. Encryption can be on an end-to-end or a
channel-by-channel basis. The end-to-end encryption is
the most effective in that it provides protection over the

full length of the message's transmission path.

Summary

An awareness and knowledge of computer network perfor-
mance measurement is a fundamental ingredient in any com-
puter network analysis and/cr design effort. The National
Bureau of Standards (Ref 17) has defined a series of nine
essential criteria for measuring computer network system
performance. These nine criteria do not represent all
the possible performance measures. For example, a computer
network manager might be interested in the utilization
rates of the major network components, the mean job
throughput time, the various network queue lengths, the
mean transmission delay times and where they occurred, etc.

All of the nine major and as many as is felt
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appropriate of the numerous minor network performance
measures should be considered throughout the acquisition
process, from network specification to network operation.
The degree and manner in which these measures can be con-
sidered, of course, varies during the process of going
from a conceptual design to an actual implementation in
hardware and software. This variance is due to the fact
that some of the performance measures, such as reliability
and availability can be applied to a network while it is
still in the design phase with a greater degree of accuracy
than some of the other performance measures, which require
an actual selection of hardware or software before they
can be accurately considered. With regard to the numerous
minor performance measures that can be considered, their
use is really dependent on the desires and needs of the

network analyst and/or designer.
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V. SYSTEM MODEL DESCRIPTION

Introduction

This chapter describes the general computer network
system model that was generated in order to satisfy the
analysis objectives specified in Chapter I. The system
model resources are described first in terms of the com-
ponents which compose the model network, i.e., the host
computers, the communication devices, the transmission
facilities, and the transmission management software/hard-
ware. Next, the system model's basic network configuration
cost analysis is described. Then the system workload is
defined and its flow through the network system is traced.
Finally, the system performance measurements that were
actually used are defined. 1In all cases the descriptions
include the mathematical and logical relations that define
the interrelationships of system entities, attributes, and
subsystems. Flowcharts of the entire computer network

system model are shown in Appendix A.

System Model Resources

Host Computers. The sole information processing

devices within the network are the nodal processors. The
characteristice (control parameters) that are used to
describe each processor are processor type, processor

location, processor main memory, number of control points,
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maximum input queue length, number of input/output channels,

and processor work size. A discussion of each character-

istic and its significance follows:

L.

Processor Nomenclature. This characteristic is

simply provided as a means of identifying, by the
analyst, the nomenclature of the processor located
at the given site or network node.

Processor Location. This characteristic is simply

informational in nature and provides the analyst
with a means of recording the geographical location
of the processor.

Processor Main Memory. This characteristic speci-

fies the amount of main memory available to the
processor in kilo-words (only multiples of 1024
words are allowed). The memory management tech-
nique used is one in which "garbage collection"
is performed as soon as the new block of memory
becomes available (Ref 18:471~514). Thus, the
currently available main memory space is always
in a contiguous area. If a job will not fit into
the available space, it will be placed into a
memory queue until enough space is available.

Number of Control Points. This characteristic

specifies the degree of multiprogramming possible
for the processor. That is, the maximum number of
jobs that can simultaneously be in main memory

and thus be eligible to use the central processing
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unit (CPU) (Ref 19:22). A control point can be

viewed as a small communications area set aside

in main memory. Each control point stores infor-

mation unique to a particular job, such as, job

identification number and priority that is re-

quired for the CPU to begin execution of a job. i
The number of control points is an integer

variable.

5. Maximum Input Queue Length. This characteristic

is an indirect specification of the amount of
secondary mass storage, i.e., high speed disk,
drum, or magnetic tape, that is available to the
processor for the purpose of spooling incoming
jobs. The queue length is written in terms of

numbers of jobs. The method used to calculate

the maximum queue length is as follows:

MJL {
ASMS i

MIQL =

Where: ﬁ

MIQL - The maximum input queue length in jobs for
a given processor.

MJL - The mean job length, in kilo-words, for a
given processor.

ASMS - The total amount of secondary mass storage ;
available for the spooling of incoming jobs, i
in kilo=-words.

The maximum input queue length is an integer vari- i

able. 1If, following calculation, the MIQL is not

an integer, it should be rounded up to the next

higher integer. &
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6. Number of Input/Output (I/O) Channels. This

characteristic is specified as a constraint on
the handling of I/O requests. That is, a given
processor possesses a limited number of I/0 chan-
nels and the I/O requests of the individual jobs,
being processed by the processor, must contend
for their use. A given I/0O channel, once it has
been assigned for use by a particular I/O request,
is not available for use by another I/O request.
If an I/0 channel is not available to service a
particular I/0 request, that request is placed
into an I/O queue where it waits until a channel
becomes available. The I/O channels described
here are not to be confused with the transmission
links between host processors.

7. Processor Word Size. This characteristic, while

primarily informational in nature, is provided
as an aid in the calculation of mean transmission
time which will be discussed later.

Communications Devices. The presence of communication

devices, i.e., multiplexers, data concentrators, front-end
processors, modems, etc., is not explicitly represented in
the system model. This is because it was felt that to
include an explicit description of such communication
devices added detail and complexity to the system model
which was unnecessary for the fulfillment of the analysis

objectives stated in Chapter I. However, the existence
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and some effect of a communication device can be repre-
sented in the form of a delay time which is used in the
calculation of mean transmission time. Consequently, all
processing of transmission requests between host processors
is performed by the host processors themselves.

Transmission Facilities. The system model's trans-

mission facilities are characterized as analog and/or dig-
ital trunk transmission lines. That is, the transmission
facilities described are limited to the transmission links
interconnecting the various host processors. The charac-
teristics used to describe each transmission link are its
terminal connections, its bandwidth, its length, its
mileage charge, its terminal service charge, its trans-
mission mode, and its mean transmission time. A discussion
of each characteristics and its significance follows:

1. Terminal Connection. This characteristic is used

to specify the terminal (processor-to-processor)
connections of a given transmission link. Addi-
tionally, the terminal connections as a set specify
the global network topology, i.e., ring, centra-
lized, or distributed. A particular link's
terminal connnections are described by an un-
ordered tuple (Pi, Pj).

2. Bandwidth. This characteristic indicates the
capacity of the transmission link, i.e., the
number of information bits that can be trans-

mitted along the link in a specified unit of
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time. Bandwidth is a real variable and is ex- ‘3
pressed in kilo-bits per second (KBS). y

Length. This characteristic states the physical

aairecs

length of the transmission link. Length is a real
variable and is stated in miles.

Mileage Charge (Ref 20:577-582). This character-

istic provides the analyst with the cost per mile

per month of the transmission facility. This cost

is of special significance when describing a net-
work which uses commercially provided transmission
facilities. More specifically, it refers to the
cost of that part of the transmission facility
located between commercial exchanges. This cost
will be used in calculating the overall network
cost and is stated in terms of dollars/mile/month.

Terminal Service Charge (Ref 20:577-582). This

characteristic provides the analyst with the cost
per month for the termination services of the
transmission facility. As with the mileage
charge, this cost is of special significance when
describing commercially provided transmission

facilities. Specifically, it provides a cost

for that part of the transmission facility between
the local exchange and the local host processor.
This charge is a fixed monthly charge. As with
mileage charge, the terminal service is used in ]

calculating overall network cost. Terminal service
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charges are given in dollars/month.

6. Transmission Mode. This characteristic indicates

the mode of information transmission over the trans-
mission facility. In the system model a message-

switched half-duplex transmission mode was chosen

because message-switched networks are more likely

to be used in applications where there is not a

large volume of traffic between geographically

widespread users (i.e., an Air Force Base) (Ref 14:
e 119-128).

7. Mean Transmission Time. This characteristic is

defined to be the mean time that is required for
the transmission of a message and the receipt of
the transmission acknowledgement (Ref 21:1-54).
This characteristic is in actuality the most
significant of the various transmission facility
characteristics and plays the biggest role in the
system model. This is because it incorporates

a number of the previously discussed character-
istics and a number of previously undiscussed
characteristics into the one characteristic of
mean transmission time. It can be considered as
the message transfer time or network delay time
associated with a particular transmission
facility (See Chapter 1IV). Mean transmission
time is calculated as follows:

MML

BW + D

MTT =
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or

MR = IBC 28, 8, P ha ]

Where:
MTT - The mean transmission time in seconds.

BW - The bandwidth of the particular trans-
mission facility in bits per second.

MML - The mean message length in bits (equal
to mean job length for network X processor
word size).

D - Additional delay incurred in secs. D is
equal to 2dtp + dctd + dcet + dack'

dt - The delay due to the physical transmission

p path. That is the length of the trans-

mission facility and the internal delay
in the various communication devices.
That figure expressed in seconds, allows
for a round-trip delay (i.e., send message
and receive acknowledgement) .

i dctd - The channel-turnaround delay, expressed in

| milliseconds, required by a particular half-
duplex channel to reverse its direction
of transmission. It is incurred thru the
necessity of having a message receipt
acknowledgement.

dcet - The delay in seconds due to channel-estab-

i lishment time. That is, the time required
for a transmission path between the com-

| municating processors to be established.

| This time is considered only in the case

I of message transmission from source to
terminal. The transmission path is con-
sidered to be established for the acknowl-
edgment.

d - The delay in millisecs in formulating the
ack :
message receipt acknowledgement.

The mean transmission is expressed in seconds. It

is associated with each individual transmission

link or terminal connection tuple. w
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Network Cost Considerations

The system model considers the costs of various network .

software and hardware components only in a most rudimentary |
E |
fashion. The intention is to provide the analyst with a i
-
rough idea of the costs associated with a particular com-

puter network configuration. Thus, allowing a basic cost

4

comparison between alternative configurations. 2
d

Four costs are incorporated in the system model's cal- 3
culation of overall network costs. They are: 'a

1. Hardware rental and maintenance cost/month.
2. Software rental and maintenance cost/month.
3. Transmission link cost/month.

4. Total cost of network configuration/month.

Hardware Costs. A monthly hardware rental and main-

tenance cost is associated with each processor site in the
network. The cost figure itself is considered to be the
sum of all rental and maintenance charges pertaining to
the site's host processor, I/0 devices, interactive ter-
minals, etc., that the analyst may envision being located
at the particular host processor site.

Software Costs. A monthly software rental and main-

tenance cost is calculated for each host processor site in
a manner similar to the monthly hardware costs. An excep-
tion exists with regard to the costing of the network's
transmission management software. The cost of this soft-
ware is divided among the individual host processor sites.

Transmission Link Costs. A monthly transmission link
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cost 1is calculated for each transmission link or terminal

connection tuple. The enumeration and calculation of this
cost is depicted by the system model in greater detail than
those associated with host processor hardware and software
because the real difference between configuration costs is
found in the transmission link cost. The transmission link
cost is a sum of the individual transmission link costs.
The individual costs are calculated as follows:

transmission link cost = (length x mileage charge +
terminal service charge.

Total Network Cost. A total monthly network configura-

tion cost is provided to the analyst. This configuration
cost is the simple sum of the host processor hardware, the
host processor software, and the transmission link monthly

costs.

System Workload Characterization

The workload characterization of any system must be
made in accordance with the objectives of the system
analysis. If the primary objective is to analyze system
effectiveness, as is the primary objective of this analy-
sis, the workload characterization would be different from
that used in an analysis of system efficience. The major
difference being that an effectiveness study considers the
system user to a much greater extent than does an efficiency
study.

The effectiveness of a particular computer network con-

figuration can be discussed only in the context of what the
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computer is required to do (Ref 19:10-12). The network
user's applications, when translated into program process-
ing and data base access requirements, can be characterized
by the type and the amount of system resources the network
will have to provide in order to fulfill these requirements.
The sum of system resource requirements generated by all
the network users represents the system or network workload.
Generally, the workload of a computer system has certain
basic statistical characteristics that do not change radi-
cally over reasonably long periods of time. The use of such
characteristics make it poscsible to (Ref 19:10):
1. Characterize the system workload by statistical
distributions of requirements placed on individual
system resources.

2. Define a unit of work and then express the work-
load characteristics in relation to this unit.

The workload characterization of the general computer
network system model is based around a batch input environ-
ment. Simply, programs or jobs are input at a particular
host processor and use system resources at that host pro-
cessor. If processing is required at another host proces-
sor in the network, the jobs are transmitted (using system
resources) to that host processor where they again use
system resources. This process is continued until all the
jobs' required processing is completed and the jobs are
output at the originating host processors. Specifically,
the network workload is characterized in terms of each host

processor inputting a series of job types. Each job type
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requires a certain amount of processing or file requests to
be performed within the network (Ref 22). Each file request
is in turn divided into a number of job segments which con-
tend for processor resources (Ref 23:1431-1442). This
section will first describe what constitutes a job type
and then a job segment.

Job Type. The programs or jobs input at a given host
processor are described as a series of job types. A job

type is characterized according to its cumulative probabil-

ity of occurrence, the number of network file requests it
requires, and the location of the requested files within
the network. For example, suppose there is a base-level
logistics computer network with eight processing locations
Table I shows ten possible job types and their hypothetical
probability of occurrence for jobs input at processor '
location 3.
Job type 1 describes those programs which require only
one network file request. That file request is to be made

at the originating host processor (host processor 3) itself.

The probability of a job in the job input stream of host

processor 3 being of this type is 65 percent. Job 2

Tt

describes those programs which require three network file
requests; one of which must be made at processor 4. The
probability of such a job occurring in the job input stream .
of processor 3 is 20 percent (0.85-0.65=0.20). Job tvpe 10
describes those programs input at processor 3 which require

access to files located at each of the network processor {
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locations. One percent of all jobs input at host processor

3 should be of this type.

Job Segment. Each file request is composed of a

series of job segments. These job segments are the smallest

units of work within the host processor which compete for

host processor resources, i.e., main memory, CPU time, and

I/0 channel use. The job segments being processed at a

particular host processor are characterized accordingly

by the following descriptors:

1. The mean amount of main memory required per job

segment (in kilo-words).

2. The mean number of I/O requests per job segment

(a real variable).

3. The mean time per I/0 request (in time units).

4. The mean CPU execution time between I/O requests

(in time units).

5. The cumulative probability of a file request

having N job segments, where N is from one to ten.

The first, second, and fifth descriptors are expressed

in direct relation to a job segment.
ability of a file request having N job segments is expressed

in the same manner as the cumulative probability of occur-

rence for a job type. For example, Table II shows the

probability of occurrence of job segments for file requests

at a host processor.

In the case of Table II,

the particular host processor have a 20 percent probability

file requests processed at

of having just one job segment.

They have a 60 percent

(0.80-8.20=0.60) probability of having two jobs segments.

A

The cumulative prob-

—y




— Y]

GCS/EE/77-3

08°0 4

0¢°0 Ll
HONTJIINDD0 SLNHWDIS
J0 ALITIIVHOdd 40 ¥HIWNN
IATILYTINWAD

NOILVZIYILOVIVHD LNAWDHS dOr

II JT19YL



3 e

s s

.l A S i 4

o A R B o 4

e

GCS/EE/77-3

No file request processed at this processor will have more
than six job segments.

The third and fourth job segment descriptors are
indirect in their relationship to a job segment. However,
it is felt that their inclusion as job segment descriptors
is justified through their direct relationship with the
second job segment characteristic; the mean number of I/O

requests per job segment.

Job Flow

A job's flow through the network system model is a
flow through the queueing network shown in Figure 6. The
flow is portrayed as a series of discrete events. The
occurrence or timing of these events is on a next event
scheduled basis and is governed according to the various
statistical distributions of requirements being placed on
individual system resources. This section will discuss
job flow in terms of job type selection and processing,
job segment selection and processing, I/0 request process-
ing, and inter-processor transmission processing.

Job Type Selection and Processing. The selection and

processing of a job type involves its initial input into a
host processor, the determination of its type, and the
assignment of a job priority. The arrival of jobs at a
host processor is a Poisson process with job inter-arrival
times exponentially distributed (Ref 24:73-98) about a
mean inter-arrival time. This distribution can be written

as:

et il R b il s ek
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BlE) = 1 .- & 4%
Where:

P(t) - the probability that a job will arrive within
time t.

A - the mean job inter-arrival time at the particular
host processor.

Since the jobs are assumed to enter the host processor's
input queue independently and at random, P(t) must be a
random number between 0 and 1. Equivalently, 1 - P(t) is

a random number R. Thus,

P () - e_t/x

1
e T _ 3 pie

e—t/k

Hence = R
and -t(A) = 1nR
or t = -A1lnR

Where t is the time increment added to the present time to
schedule the arrival of the next job at the host processor.

The type of the job input at a processor is determined
according to what can be called a step probability function.
This function can be described as follows:

1. Let R be a randomly generated number between
0 and 100;

2. Let P be the cumulative probability of job type 1
occurring;

3. Then if P is greater than or equal to R, let type
equal 1. If P is less than R, let P be the
cumulative probability of job type 2 occurring;

4. Continue this process until P is dgreater than or
equal to R.
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This step probability function allows for the independent
random selection of job types while maintaining their rela-
tive probabilities of occurrence.

When a job is input at a processor it is assigned a
job priority between one and ten. This priority remains
with the job throughout its processing. That is, it does
not change as it flows through the computer network system.
The assignment of this priority is according to a step
probability function. The basis for this function is an
input statement of a priority's cumulative probability of
occurrence at a particular processor, as shown in Table III.

In this instance, the likelihood of a job having a
priority of 1 is 5 percent. The likelihood of it having
a priority of 5 is 40 percent.

Job Segment Selection and Processing. The selection

and processing of job segments begins after a job has been
assigned a type and priority and has been placed into the
appropriate host processor's input queue. The appropriate
host processor input gueue to be used is, of course,
determined by the job type.

The input queue is a ranked set of queue based upon
job priority. The job (file request) is placed into the
input queue where it waits for a control point to become
available. When a control point does become available,
it is assigned to the file request with the highest
priority. At this point, the number job segments con-

tained in the file request and the memory required by the
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first of these job segments is determined.

The number of job segments contained in the file
request is defined by a step probability function using
the cumulative probability of occurrence described earlier.
The job segments thus generated all carry the same priority
as the originating file request.

The amount of main memory reguired by the first job
segment of this file request is assigned by a stuttering
exponential distribution. That is, a regular exponential
distribution with the mean memory required per job segment
as lambda is used to generate a memory requirement. How-
ever, since memory calculations and descriptions are in
terms of kilo-word blocks the memory requirement just
generated is truncated (stuttered) to a kilo-word require-
ment. That is, the memory requirement is defined to be the
largest kilo-word block less than that defined by the
exponential distribution.

After a memory requirement has been given to the job
segment, it is placed into a memory queue where it waits
for sufficient main memory to become available. The memory
queue is a ranked set based upon job priority. If suffi-
cient memory is available for the highest priority job
segment, the memory space is allocated to it and it begins
CPU execution. If sufficient memory is not available for ;
the highest priority job segment in the memory queue, the
job segment remains in the queue and no further allocation

of memory takes place, even if a lesser priority job segment .
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could fit into main memory.

Once a job segment has been allocated space in main
memory and begins execution, it retains control of the
appropriate processor's CPU until it has either completed
execution, i.e., has no I/O requests, or is interrupted
by an I/O request. The amount of CPU execution time be-
tween I/O requests is determined by an exponential distri-
bution with the mean CPU time between I/0 requests as
lambda.

All job segments wait while the highest priority jobk
segment in main memory is executed. When this job segment
completes its execution, the main memory space that was
allocated to it is released along with the control point
that managed its execution. The just released control
point will be assigned to the next job segment, if one
exists, of the file request whose job segment just completed
execution. If there are no remaining job segments for this
file request, the control point is assigned to a job segment
of the next highest priority file request. The new job
segment then enters the main memory gueue and an attempt
is made to fill the highest priority job segment now in
the memory queue into main memory.

The memory fitting process continues until the highest
priority job segment in the memory queue is able to fit into
main memory. The job segment in main memory which has the
highest priority executes in a host processor's CPU as if

it were the only job segment in the system. It yields CPU
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execution time only when interrupted by an I/0 request.
During this time, the job segment in main memory with the

next highest priority is allowed to execute.

g I/0 Request Processing. The number of I/0O request
\ interrupte that a particular job segment will experience
during execution is defined by a stuttering exponential
distribution with the mean number of I/O requests per job
segment as lambda. The time interval between any two I/O0

5 requests is assigned by an exponential distribution with
| the mean CPU execution time between I/0O requests as lambda.

These distributions were discussed earlier. The duration

3 of a particular I/O request is determined by yet another

|
‘

exponential distribution with the mean time per I/O
request as lambda.

Once the job segment which was interrupted by an I/O
request relinquishes control of the CPU it is placed into
an I/0 channel queue. The I/0 channel queue is a ranked
set based on high priority of job segments. If an I/O
channel is available, the I/0O request immediately begins
its processing. If an I/O channel is not available, the
I/0 request remains in the I/O channel queue.

When an I/O request terminates, a series of four
actions can take place. First, the I/0 channel which was
just released is assigned to the highest priority I/O
request in the I/0 channel queue. Second, a comparison
of priorities is made between the job segment which is

currently in control of the host processor's CPU and the
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job segment whose I/O request has just terminated processing.
Third, if the job segment currently in control of the CPU is
of a higher priority, it retains control of the CPU and
continues execution. The job segment which has just com-
pleted its I/O request and is of a lower priority is placed
into the CPU queue to await execution. The CPU queue is

a ranked set based upon highest priority. When selecting

job segments to receive CPU time, the CPU queue is addressed

e e T

prior to the main memory queue. This is done because the

job segments in the CPU queue are job segments which were

previously selected from the main memory queue for execution

and should be allowed to complete their execution prior to

selecting a new job segment for execution. Fourth, and

finally, if the job segment currently in control of the f

§ CPU is of a lower priority it is swapped out with the

highest priority job segment that has just completed an

| I/0 request. The lower priority job segment is then placed
into the CPU queue.

Upon the completion of a file request, i.e., all the

file request's job segments have been executed, it is 3
determined if the just completed file request is the last
file request of the given job type which requires process-
ing. If it is the last file request, then the various job
statistics are accumulated and the job is output at the \
originating host processor. If it is not the last file
request, then the job and its associated accounting infor-

mation must be transmitted to another host processor to t
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i begin processing of the next file request.

Inter-Processor Transmission Processing. The necessity

for an inter-processor transfer of information originates
with the job type description itself. That is, the job type
description specifies the number of inter-processor trans-
missions that a particular job will make and the origin and
destination (source and terminal) of each transmission. For
example, job type 5 of Table I specifies that four inter-
processor transmissions will be made with origin and desti-

nation pairs of (3,5), (5,7), (7,1), and (1,3) respectively.

W - - i o g

A given inter-processor transmission is characterized
according to three aspects. The first is the transmission's
origin and destination pair. This information, as shown
above, is specified by the job type description.

The second is the path taken by the transmission \
through the network from origin to destination. This trans- i
mission pzch is determined by the network's transmission
. management software/hardware. 1In the case of the network

system model, path assignment is performed by a fixed-

minimum-path routing algorithm. A |

Ideally, a computer network's global topology should {}

5 allow for a direct transmission link between all processor 3
pairs, i.e., the network should be fully connected. How- !

ever, due to economical and physical constraints, a fully ‘J

connected network is not always feasible. The alternative

is for the network to be partially connected. Herein lies
the heart of the transmission routing problem. For, in a ,
'
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fully connected network, the choice of which transmission

path to take is elementary. The only complication that can

arise is that the direct transmission link may fail or be-

N come overloaded. On the other hand, in a partially con-

i nected network the choice of which transmission path to
take is not as simple. Normally, there are a number of
possible transmission paths between the origin and desti-
nation host processors. With each transmission path

traversing several intermediate transmission links and host

e o it

processors. The routing problem now becomes one of selecting
the "best" transmission path from a large list of possible

paths.

et

Different routing algorithms can be devised to deter-
mine the "best" transmission path between host processors.
(See Chapter III). These algorithms can take into account
a very large number of factors, such as, transmission time,
network conditions, costs, etc., when selecting a trans-
mission path. Of course, as the number of factors included
in the path selection process grows so does the amount of
system resources required to support the process. Conse-
quently, the network system model uses a routing algorithm
which selects a transmission path based upon the following
two criteria:

1. The transmission path must traverse the least

number of transmission links, from origin to
destination, of all possible paths.

2. The number of transmission links traversed must
not exceed a specified limit (in the network
system model the limit is set at five).
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The routing algorithm itself, initially checks to determine
if both the origin and destination host processors are con-
nected to the network. Then the algorithm determines if
there is a direct (one-link) path between the two host pro-
cessors. If not, it checks for a two-link path between
host processors. This process continues until either a
transmission path which does not exceed the maximum length
is found or until it is determined a suitable transmission
path is not available at the present time.

If a suitable transmission path is available, the
routing procedure allows the job making the transmission
request to seize all the system resources associated with
the path. Thus, making them unavailable for use in another
transmission path. These system resources will be unavail-
able until the transmission is complete. When a transmis-
sion has been completed, the job just transmitted is placed
into the destination host processor's input queue and the
routing procedure checks to see if there is a transmission
request anywhere in the network which can use the system
resources it is about to release. If so, the system re-
sources are made available. If not, the system resources
are released to the system. The transmission time of a
particular transmission request is defined according to an
exponential distribution with the sum of the mean trans-
mission times of the links in the path as lambda.

If a suitable transmission path is not available,

then the job which made the transmission request is placed
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into the originating host processor's transmission output

queue. These output queues are ordered sets based on a

first-in-first-out (FIFO) servicing policy. These output ;
queues are checked each time a transmission request is

completed to determine if any of the queued transmission

requests can be transmitted. This is done before a new

transmission request can be processed. i

When all of the file requests of a particular job have i
completed processing, the various statistics associated with
the job and the system are accumulated and updated respec- u
tively and the job is output. The statistics which are
used to measure the behavior of the various jobs and the
network system are the performance measures which are
applied to the network system model. These performance

measures will be discussed next,

System Model Performance Measures

As mentioned in Chapter {V, the performance measures
which are made on an existing computer network depend pre- :
dominately upon the desires and needs of the computer f

network analyst and/or designer. The same approach must b

be used in selecting the performance measures to apply to
a computer network system model. There are basically
three questions which must be asked in the selection of

a specific performance measure (Ref 19:76). They are:

1. What information is required to meet a specific
performance measurement objective?

i 2. 1Is this information available from the system
model?
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3. How should the required information be extracted
from the system model and how should it be ‘
represented? i

It is obvious from the above questions that the system model
itself determines which performance measures can be made.

As previously discussed, the more detail that is included

in the model, the closer the model's depiction of reality.

The same is true with regard to performance measures. The

more detail that is included in the system model, the more
detailed and numerous are the performance measures which
can be made on the system model. Thus, there must be an i
iterative process of balancing the desire and/or need to |
make a specific performance measure against the resources
required to include the necessary detail in the system q
model.

The performance measures used in the general computer
network system model can be divided into two groups; those

that measure system effectiveness and those that measure

system efficiency. The measures which describe system i

effectiveness are concerned with the system's capability

R s

to process a given workload and to meet user time require-
ments. The measures of system effectiveness used in the
network system model are the following:

l. Network connectivity.

2. Network reliability/survivability.

3. Network availability.

R T T el L T g . N

4. Throughput.

The measures which describe system efficiency are concerned
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with internal system delays and the utilization of individ-

ual system components versus demand. The measures of sys-
tem efficiency used in the network system model are the E
following:

1. Processor utilization.

FRCE RN T

2. Transmission link utilization.
3. I/O channel utilization. %
4. Input queue lengths.
5. Output queue lengths.
6. I/0 requests delay. _ g

7. Transmission request delays. :

8. Job segment delays.
A discussion of each performance measure follows. This
discussion will include a definition of the measure and a

description of the manner in which it is calculated.

P

Network Connectivity. Connectivity as it is used here

i is not defined in the same sense as the connectivity used
in a classical graph theory. Connectivity, in this instance,
refers to the existence of a transmission path between all
ﬁ pairs of host processors in the computer network. If there
is a transmission path between each pair of host processors
in the network, then the network is connected. If there
j are at least two host processors between which there is not
a transmission path, then the network is not connected.
Connectivity is determined according to the following
i algorithm (Ref 22:13):

Given N processors, represented as Pl’ P2, oo Pn’ and
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M tuples, represented as (Pi, Pj). Let Sl' Sor eens

S, represent n stacks. Let each processor have a
pointer (POINTER(Pi)), and LET COUNT represent a
counter.

1. For each couple (Pi, Pj), Place Pj on stack Si

and let POINTER (Pl) = 1 and COUNT = 1.

2. If stack S, is empty, go to statement 8.

1

3. Remove the top entry from stack Sl and represent
it as Pk'

4., If POINTER (Pk) =1, go to statement 2.
If POINTER (Pk) # 1, set POINTER (Pk) = 1 and
COUNT = COUNT + 1.

5. If stack Spk is empty, go to statement 2.

6. Remove the top entry from stack Spk and represent
it as Pi.

7. If POINTER (Pi) = 0, place Pi on stack Si, go
to statement 5.

8. If COUNT = N, then the network is connected. 1If
COUNT # N, then the network is not connected.

Network Reliability/Survivability. The reliability/

survivability calculations made by the computer network

system model are based upon two factors; first the network's

global topology; and second, the probability of successful
communication for each of the transmission links in the
computer network. The topologies which are possible were

discussed in Chapter III. They are specified by a series
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of unordered tuples as described in the discussion on trans-
mission facilities.

The probability of successful communication (Pr(SC))

for an individual transmission link can be defined in one
of three ways. The first and second definitions do not
address transmission link survivability as does the third
definition.

The first possible definition for (Pr(SC)) treats it
as the probability of no physical component failures occur-
ring in the' transmission link. This relationship can be
expressed as follows:

Pr (successful communication) = PR(no physical link failures)
or
Pr(SC) = Pr (NPF)
The second definition for Pr(SC) sets it equivalent to the
compound probability of no physical link failures plus no
transmission link overloads. This relationship can be
shown as follows:

Pr (successful communications) = Pr(no physical link failures)
+ Pr(no link overloads)

or
Pr (SC) + Pr(NPF) + Pr (NO)
The third and final definition for Pr(SC) allows the analyst

to consider network survivability if he so chooses. The

third definition equivalencies Pr(SC) to the compound
probability of no physical link failures plus no link

overloads plus no external attacks on the link. This
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equivalency is shown as follows:
Pr (successful communication) = Pr(no physical link failures) Q
+ Pr(no link overloads) !
+ Pr(no attacks) £
or

Pr(SC) = Pr(NPF) + Pr(NO) + Pr(NA)

If the analyst has available to him each of the probabili-

ties on the right, then a total statement of a link's

Pr (successful communication) is possible. It should be
noted, however, that the availability of these probabilities
will vary during the acquisition process. For example,
during the design process where the evaluation of alterna-

tives is of concern, the Pr(NO) will not be available and

must either be omitted or estimated. The same is true, to
a lesser degree, regardint the Pr(NA). While the Pr(ScC)
used by the general computer network system model has been
limited to the Pr(NPF), either of the two_remaining prob-
abilities (Pr(NO) + Pr(NA)) could be included if the
analyst so chooses. Of course, the more detailed the
description of the Pr (SC) the more realistic will be the
estimate of network reliability/survivability.

Network reliability/survivability is defined as the
probability of successful communication between any pair
of host processors in the network or as the probability
of communication of all the transmission links in all the
cut sets (Ref 25:61~65). Two definitions are appropriate

at this point. A tie set is a directed transmission path

from origin to destination as shown in the simple network
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in Figure 7. The tie sets are (1,4), (3,4), and (2,4,5).

A cut set is a set of transmission links whose removal cuts
all the tie sets. That is, a cut set sevgrs all the trans-
mission paths between the origin and the destination. The
number of cut sets which are possible can be very large.
There are 16 cut sets for the network in Figure 7.

Normally, interest is focused on the minimal cut set, 5:
i.e., the smallest set of transmission links such that the
exclusion of any one transmission link from the set would
prevent it from being a cut set. This interest is based
upon the fact that in a nominal cut set more transmission
links must fail than are required to cause network failure.
In Figure 7, the minimal cut sets are (1,4), (2,3), (2,4),
and (1,3,5). Note that (2,4,5) is not a minimal cut set
since (2,4) is already a cut set and is a proper subset of
(2,4,5).

Network unreliability R can be defined as the prob-
ability that at least one cut occurs. That is, all the h
transmission links of the cut set fail simultaneously.
Let Ci,i=l,2,3,....N denote the minimal cut sets of a
particular network. The preceding statement of network
unreliability can be expressed in terms of network reli-
ability R as follows:

R = Pr(cl.cz.c3......cn)

Equivalently, network unreliability can be expressed as:

L =R

Pr(C1 e C2 + C3 4+ ssees T CH

Pr (at least one cut occurs)
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DESTINATION

ORIGIN

Fig 7. A Simple Directed Network
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Where Ei is the complement of Ci and denotes failure of all

trarsmission i1inks of the ith cut. The preceding are exact

equations for network unreliability And reliability. i
Bounds on network reliability can be obtained by using

the following probabilistic inequalities: 4

R <1 - I Pr(C;) = Lower Bound

by using two terms 4
R<1-1: Pr(Ei) + I Pr(EiEh) = Upper Bound
i<m
Where 1 <1 and m<n

A process of adding terms and calculating new lower
and upper bounds is performed until these bounds converge
to within a predetermined epsilon (set by the analyst) of
each other. See Figure 8.

A method for calculating network reliability/surviv-
ability using tie sets exist and is very similar to the
minimal cut set method described above. However, as stated
by Messinger and Shooman (Ref 26:292-304), the bounds
based on the minimal cut set calculations are best in the f
case of high transmission link Pr(SC), and those based on
the tie set calculations are best in the case of low trans-
mission link Pr(SC).

In calculating overall network reliability, the prob-
ability of successful communication between each unordered
pair of host processors in the network must be calculated.
For example, a network with four host processors and a ring
global topology will require six host processor pair calcula-

tions. Once these Pr(SC) are available, the overall network
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NETWORK RELIABILITY/AVAILABILITY REPORT

PROCESSOR 1 TO PROCESSOR 3 PAGE 2
TRANSMISSION PROBABILITY PERCENT
LINK OF SUCCESSFUL AVAILABILITY
NUMBER COMMUNICATION
1 .9600 «9405
2 <9400 .8826
3 9200 9024
2 « 9800 9408
THERE ARE 3 TIE SETS OR TRANSMISSION PATHS:
TRANSMISSION TRANSMISSION LINK TRANSMISSION PATH
PATHS NUMBERS AVAILABILITY
1 e .8301
2 5 4 «8385
5 20 e D 7716

THERE ARE 4 MINIMAL TRANSMISSION LINK CUT SKETS:
TRANSMISSION LINK TRANSMISSION LINK

CUT SET NUMBERS

1 1 L

2 2 3

5. 2 L

L 1 3 5
THE RELIABILITY BOUNDS ARE:
LOWER BOUND IS .99214E+00 LAST TERM IS .78640E-02
UPPER BOUND IS .99230E+00 LAST TERM IS .15936E-03
LOWER BOUND IS .99228E+00 LAST TERM IS .11750E-04
UPPER BOUND IS .99228E+00 LAST TERM IS .11520E~06

COMMUNICATIONS RELIABILITY IS 99228E+00

COMMUNICATIONS AVAILABILITY IS .81339E+00

¥"ig 8. Network Reliability/Availability Report
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reliability/survivability is calculated by the following
two methods:

1. The overall network reliability/survivability is
set equal to the lowest Pr(SC) of those calculated.

2. The overall network reliability/survivability if
set equal to the mean of all Pr(SC)s calculated.
{

The primary difference in the two methods is that the first
provides a pessimistic statement of network reliability/
survivability while the second method's statement is more
optimistic. The choice of which method to use is one which

the analyst will have to make.

Network Availability. Availability A is the probabil-

ity that at a specific point in time the network will be
capable of performing its function. As with the calculation
of network reliability/survivability there are three ways

in which availability can be defined (Ref 27:9-11). Also,
as with reliability/survivability, the use of a particular
definition depends on the information available to the
analyst.

The first possible definition for availability is the
one used in the network system model and is expressed as
follows:

A = Pr(No physical failures) + Pr(i failures and i repairs)

The second definition for A treats it as a compound prob-

ability as follows:

Pr (No ﬁhysical failures) + Pr(No path overloads)
Pr(j overloads and j recoveries)
Pr(i failures and i repairs)

A

+ + I

)i
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The third and final definition for A considers enemy attacks
on the network. A once again is a compound probability and

can be expressed as follows:

A = Pr(No physical failures) + Pr(No path overloads)
+ Pr(No enemy attacks) + Pr(i failures and i repairs)
+ Pr(j overloads and j recoveries)
+ Pr(k enemy attacks and k recoveries)

The network system model calculates a steady state
availability for the overall network according to the

-

following function.

A A MTBF
sS MTBF + MTTR
Where

MTBF - The Mean Time Between Failure of a particular
transmission path.

MTTR - The Mean Time To Repair of a particular trans-
mission path.

In calculating overall network availability, the avail-
ability between each unordered pair of host processors in
the network must be calculated. Once the availability for
each transmission path is available, the overall network
availability is calculated according to the two methods
discussed in the section on network reliability/surviv-
ability.

Throughput. The last measure of network effectiveness
is its throughput. Throughput is defined as the amount of
useful work completed per interval of time with a given
workload. 1In the network system model, throughput is
measured at the host processor level. That is, the net-

work's throughput is reflected in a series of eight measures
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made at each host processor. The eight measures used are

listed and discussed below.

1.

Job Priority vs Number of File Requests Processed.

The number of file requests processed for each job
priority level. This number is used in calculating
Job Priority vs Mean Throughput Time.

Job Priority vs Mean Throughput Time. The ratio

of the sum of the Differences between the arrival
and departure times for each file request to the
number of file request processes for each priority
level.

Job Priority vs Mean CPU Time. The ratio of the

total CPU execution time to the number of the file
requests processed for each priority level.

Job Type vs Mean Throughput Time. The ratio of

the sum of the differences between the arrival
and departure times for each job type to the
number of job types processed for each job type.
A job type refers to a job input and output at
the host processor, i.e., a job.

Job Type vs Number of Jobs. The number of jobs

processed for each job type input and output at
the host processor.

I/0 Channel vs Number of I/O Requests. The number

of I/0 requests processed over each of the host
processor's I/0 channels

Transmission Link vs Number of Transmission
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Requests. The number of transmission requests
transmitted over each of the transmission links
in the network.

8. Transmission Requests vs Host Processor. The

number of transmission requests originated at
each of the host processors.

Processor Utilization. The first performance measure

associated with network efficiency is host processor utiliza-

tion. It is defined as the percentage of time the host pro-
cessor's CPU is doing useful work. It is calculated as the
ratio of the total CPU execution time to the report period.
A CPU utilization percentage is calculated for each host
processor in the network.

Transmission Link Utilization. Transmission link

utilization is defined as the percentage of time the trans-
mission link is doing useful work. It is calculated as the
ratio of the total transmission link usage time to the
report period. A utilization percentage 1is calculated for
each transmission link in the network.

I/0 Channel Utilization. This measure of system

efficiency is defined as the percent of time the I/O
channel is doing useful work. It 1is calculated as the
ratio of the total I/O channel usage time to the report
period. An I/0 channel utilization is figured for each
I/0 channel for each host processor in the network.

Input Queue Lengths. As a measure of network effi-

cience the host processor input queue lengths reflect the
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flow or lack of it of jobs through the network. The input
queues also tend to reflect the overall efficiency of a
host processor in processing the workload presented to it,
i.e., it can reflect an imbalance in host processor effi-
cience in the network. Three measures are made on each
host processor's input queue. The first is its current
length in jobs. The second is the maximum length in jobs
attained by the input queue during the observation period.
The third and final measure is the mean input queue length.
It is calculated as the ratio of the sum of the input
queue lengths at the time of each new job arrival to the
number of new job arrivals.

Output Queue Lengths. The output queue length measures

reflect the efficiency of the transmission links in trans-
mitting the job output by the network host processors.

These measures can reflect imbalances in transmission link
efficiency. There are two measures made on each host pro-
cessor's output queue. The first is the maximum length in
jobs attained by the output queue during the observation
period. The second measure is the mean output queue length.
It is calculated as the ratio of the sum of the output
queue lengths at the time of each new transmission to the
number of transmissions criginated by each host processor.

I/0 Request Delay. This performance measure is used

as an indicator of each host processor's I/0 channels
ability to handle the workload presented them. The measure

itself is in terms of the total number of I/O requests
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delayed due to unavailable I/O channels.

Transmission Request Delay. 1In addition to the output

queue lengths, the transmission request delays can be

used as an indicator of the transmission links ability

to handle the workload placed on them. The delay is calcu-
lated as the ratio of the sum of all the transmission
requests' delay times to the number of transmissions
originated by each host processor.

Job Segment Delay. Job segment delay is a measure of

each host processor's internal efficiency. Job segment
delay is recorded in two ways. The first is a record of
the number of job segments delayed due to unavailable host
processor control points. The second records job segment
delay in terms of the number of job segments delayed due

to unavailable memory.

Summary

A general computer network system model has been built.
The model is constructed to allow the evaluation of alterna-
tive network designs thru either modifying the workload
presented to the network or modifying the network configura-
tion itself. The system model allows the description of a
general computer network design in terms of a series of
host processors which communicate with each other through
a communications subnetwork which is in turn managed by a
series of transmission management algorithms. The workload

presented to each of the host processors is characterized
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in terms of job types and job segments. With a job segment

being the smallest unit of work which contends for host
Processor resources. 3
The job flow through the computer network system model 1
is described as a flow through a series of network queues.
That is, a job arrives at a system resource and demands

service. The system responds by performing the service if <f

the resource is available, or places the demand (job, I/O
request, etc.) into a queue where it waits until the service . ’ﬂ
can be performed. The occurrence of the demands for service
are governed by probabilistic distributions.

The performance measures made on the computer network
system model are designed to provide two forms of perfor-

mance information. The first, describing the effectiveness

of the network in processing the workload given it. The
second, describing the efficiency of selected network
components in handling the service demands placed upon
them.

Finally, it must be emphasized that the use of the
general computer network system model must be restricted
to that for which it was intended. That is, to obtain a
"feel" for the potential performance of alternative computer
network designs. Extreme care accompanied by adequate
qualification must be used in extending the model's use

beyond this point!

103




GCS/EE/77-3

VI. SYSTEM SIMULATION DESCRIPTION

Introduction

The fifth step in the development of the general com-
puter network system simulation was the translation of the
computer network system model into a simulation programming
language. This chapter will describe the manner in which
the general computer network system model is implemented
in SIMSCRIPT I.5 (Ref 28). First, there is a discussion
of some of the basic concepts of SIMSCRIPT I.5 used as a
discrete event simulation programming language. This dis-
cussion is intended to reenforce and supplement some of
the material presented in Chapter II. Next, the data
structure used to support the general computer network
system simulation will be defined. A complete listing of
the data structure can be found in Appendix B. Finally,
the simulation construction will be described. This dis-
cussion will cover the various sections which compose the

simulation program itself.

Basic Concepts of SIMSCRIPT I.5

As discussed earlier, there are three objectives in
analyzing a system. They are to understand how system
state transitions occur, to predict state transitions,
and to control these transitions. In SIMSCRIPT I.5, the

state of a system is described in terms of Entities,
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Attributes of Entities, and Sets of Entities (Ref 29).
The state of the System is changed at discrete points in
simulated time by the occurrence of an Event. The Event
describes how the System state is to transition. There
are two types of Events possible; Exogenous Events and i3
Endogenous Events. The occurrence of these Events is

governed by a SIMSCRIPT I.5 provided Timing routine. This ;

Timing routine automatically keeps track of simulated time '

and causes the various Events to occur as they are scheduled
by the simulation program.

System State Description. The state of a Simulated

System is defined in terms of Entities, Attributes of
Entities, and Sets of Entities (Ref 29). There are four
classes of Entities called Permanent Entities, Temporary
Entities, Event Notice Entities, and the Simulated System
which can also be considered as an Entity. An Entity
is any item or unit that the analyst wishes to independently
identify in the system simulation. For example, a job in a
processor's input queue. Each type of Entity is described
by a list of Attributes. For example, the job in the pro-
cessor's input queue can have as Attributes, the pointers
to the jobs in front and behind it in the queue, the job's
identification number, the job's priority, and the pointer
to the job's characteristics.

A System's state description may be defined by a
number of different types of Entities. Entities are of

the same type if their Attribute names are the same; the
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values cf these Attributes can, of course, be different.

A case in point would be the jobs in a host processqr‘s
input queue. The analyst must decide which items or units
are independently identified in the system simulation as
an Entity or an Attribute of another Entity.

Sets of Entities are used to show interrelationships
between individual Entities (usually Temporary Entities).
For example, all the jobs belonging to a host processor's
input queue. These Entities can be inserted or removed
from such Sets on a first-in-first-out (FIFO), a last-in-
first-out (LIFO), or a ranked basis. When a ranked
ordering scheme is used, the Entity's position in the
Set is determined by the value of one of its Attributes.

Event and Timing Routines. There are two types of

Events used in describing how System state transitions
occur. They are; Exogenous Events which are initiated
external to the system simulation process by means of an
Exogenous Event Tape, and Endogenous Events which are
initiated internal to the system simulation process by
CAUSE statements in previously executed routines. In a
partibular system simulation there can be any number of
different Events. A particular Event may occur repeatedly
and at any point in simulated time. For example, an
Event routine can be used to describe how the System's
state transitions every time a new job enters a host
processor's input queue. Another Event can describe how

the System's state transitions when an I/0 request
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interrupt occurs.

Each type of Event (Exogenour and/or Endogenous)
appears in an Events List at the beginning of the simula-
tion program. Based upon this list, SIMSCRIPT I.5 auto-
matically generates a Timing routine which keeps track of
simulated time and causes the occurrence of the various
Events on a next Event scheduled basis. In SIMSCRIPT I.5,
simulated time is advanced by variable increments instead
of being divided into a series of fixed increments. lThus,
Events can occur at any point in simulated time. When the
execution of a particular Event is completed, simulated
time is advanced to the time of the next scheduled Event,
which can be seconds, minutes, hours, or days away, and
the Event is automatically caused to occur. The interven-
ing dead time when no System state transitions occur is
skipped. The basic unit of time can be set to whatever
value the analyst desires (Ref 29).

The various operations performed by the various Event
routines or by the subroutines on which they may call can
be grouped as follows (Ref 29):

1. Transitioning the state of individual Entities.

2. Causing or cancelling upcoming Events.

3. Executing decision rules.

4. Generating reports.

Transitioning the State of an Entity. Since the

state of an Entity is defined in terms of Entities,

Attributes, and Sets, an Entity's state can transition
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in only three ways (Ref 28):

1.

2.

3.

The Entity can come into or go out of existence,
i.e., be created or destroyed.

The Entity can have the value of one or more of
its Attributes change.

The Entity can change a Set's membership.

SIMSCRIPTI.5 provides the system analyst with a number of

language primatives especially constructed for making the

above kinds of Entity state transitions.

DESTROY,

LET, FILE, AND REMOVE. A discussion of their

use follows.

l.

Creating and Destroying an Entity. To create a

memory record for a new Eatity (a new job) a
statement such as CREATE BJOB is used. If the
job has completed processing and is leaving the
System, a statement such as DESTROY BJOB is used.
The DESTROY statement will release the memory
record that was reserved by the previous CREATE
statement. Only Temporary and Event Notic:2
Entities can be created and destroyed.

Changing the Value cf an Attribute. The LET

statement is used to change an Attribute value.
For example, a statement like the following
could set the priority of a new job as it enters
a host processor's input queue:

LET PRIO! (TQUEU) = J

Changing a Set Membership. SIMSCRIPT I.5 provides

two language primatives for transferring Entities
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into or out of Sets. They are FILE and REMOVE
respectively. A statement such as the following
would place a new job inte the input gqueue for
host processor N.

FILE TQUEU IN QUEU(N)
A series of statements like the following would
check to see if host processor N's input queue
is EMPTY, and if not KEMOVE the first job in the
queue.

IF QUEU(N) IS EMPTY, GO TO 80
REMOVE FIRST TQUEU FROM QUEU (N)

Causing and Cancelling Events. To maintain control of

Event routines, SIMSCRIPT I.5 uses a special type of Tem-
porary Entity called an Event Notice Entity. These Event
Notice Entities have the same characteristics as Temporary
Entities. That is, they can be created and destroyed, they
can have attributes, and they can be members and owners
of Sets. The programming steps for causing a future Event
routine to occur are (Ref 29):

1. Creating the Event routine's Event Notice.

2. Setting the values of the Event Notice's Attri-
butes.

3. Scheduling the Event Notice's occurrence.
For example, the arrival of a new job at host processor N,
following an inter-arrival time, can be caused by the
following series of statements:
CREATE BJOB
LET MJOB (BJOB) = N
LET TIAT = -ALOG(RAND * AT(N) * ID
CAUSE BJOB AT TIME + TIAT
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Prior to its occurrence, the new job arrival can be can-

R

celled by the following statement: %
CANCEL BJOB

Executing Decision Rules. Once an Event routine

occurs, decisions and/or computations must be made in

order to determine how the state of System Entities 3

should change and what future Event routines should be
caused or cancelled. For making these decisions and/or
computations, SIMSCRIPT I.5 provides the same facilities
as does basic FORTRAN. The language allows the calling
of both SIMSCRIPT I.5 and FORTRAN subroutines (Ref 28).

Generating Reports. The printed output in SIMSCRIPT I.5

programs is normally generated by a Report Generator routine
(Ref 28). The form and content of the output reports are
specified on a Report Generator Layout Form by the use of
Form Lines and Content Lines. The desired report text is
specified in a Form Line. Numerical fields in the Form

Line containing one or more numerical fields must be fol-
lqyed by a Content Line which lists the names of the vari-
ables which are to be placed in the numerical fields. A
number of other features are available from the Report
Generator routine which make report generation quite easy

(Ref 28).

Data Structure Definition

The term data structure as it is used in this section

rafers to the manner in which the information describing
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the state of the general computer network system simulation
is maintained or stored. The form of the data structure
used in the system simulation is determined by the SIMSCRIPT
I.5 programming language. The definition of the data
structure, however, is determined by the computer network
system model.

The data structure can be divided into five segments
according to the type of state information stored or main-
tained in each segment. The five data structure segments
are:

1. Temporary Entity and Attribute information.

2. Permanent Entity and Attribute information.

3. Event Notice Entity and Attribute information.

4. Set and Ranking Attribute information, and

5. Local routine Variable information.

The‘ménner (number of Entities, Attributes, Sets and
Local Variables) in which the various segments of infor-
mation are structured has a direct effect on the size
and type of computer netwprk which can be simulated or
analyzed by the program. As with the building of the
general computer network system model, the implementation
of the general computer network system simulation required
that a balance be reached between the desires and needs of
the analyst and the resources available. A complete list-
ing or glossary of the entire data structure is in
Appendix B. A discussion of each of the data structure

segments follows.
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Temporary Entities and Attributes. The simulation

program specifies six Temporary Entities and their Attri-
butes. Five of these Entities correspond to jobs or job
segments that are temporarily members of the input, memory,
CPU, I/0 channel, or output queues discussed in Chapter V.
The sixth Temporary Entity is a processor identification
number which is used in determining network connectivity.

Permanent Entities and Attributes. There are five

types of Permanent Entities specified in the simulation
program. They are the host processors, the transmission
facilities, the transmission management software, the
System workload, and the System itself. These are
entities the number of which cannot change during the
simulation process. There are some 68 Permanent Attri-
butes divided among the five Permanent Entities. They
are used to characterize the computer network system model
components and workload described in Chapter V, and to
serve as working and performance data gathering areas for
the Simulation System.

Event Notice Entities and Attributes. The Event

i

Notice Entities are specifically Endogenous Events only.

They do not specify Exogenous Events. The latter type of
Event will be discussed later. There are eight Event
Notice Entities specified in'the general computer network
system simulation. The occurrences of the Events specified
by these Event Notices are the means by which the System

changes state. They also determine how the System will
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change state. They are the job generators, the job pro-
cessors, and job transmitters of the simulated network.

Each Event Notice Entity possess at least one Attribute.
This Attribute is assigned to each Event by the Timing rou-
tine and is the simulated time which the Event is next
scheduled to occur.

Sets and Ranking Attributes. Sets depcit interrela-

tionships between individual Entities by grouping and
ordering them according to some predetermined scheme.
There are six Sets defined in the simulation program.

Four of the Sets represent the input, memory, CPU, and

I/0 channel queues into which jobs or job segments, as
Temporary Entities, are placed during their flow through
the System. Each of these queues is ranked on highest job
priority. The fifth Set serves as the output queue into
which jobs are placed upon completing processing at a
basis. The sixth Set serves as the first-in-first-out
(FIFO) stack used in queues associated with each host pro-
cessor in the simulated computer network.

Local Routine Variables. Up until this point, all

the data structure segments that have been discussed are
global to the System. That is, they are System Variables
accessible anywhere in the program simply by virtue of
their having been declared as Entities, Attributes, or
Sets.

Local Variables, on the other hand, are accessible

only in the program routine in which they are used. If
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they are to be accessible in other routines, they must be
explicitly passed. Local Variables in SIMSCRIPT 1.5 con-

form to the same rules as do FORTRAN Local Variables.

Simulation Construction Description

The general computer network system simulation is
composed of six sections: a Definitions Deck; an Events ;
List; the Events and Subroutines Deck; the Initialization
Deck; the Data Deck; and the Exogenous Event Tapes (Ref 29).
The specific construction of each section will be explained
as each section is discussed. Further clarification of
specific details can be found in the User's Manual in
Appendix C and the program flowcharts in Appendix A.

Definitions Deck. Each of the Temporary Entities,

Permanent Entities, Event Notices, Attributes, and Sets

are defined in this section of the simulation program.

R

There is a rigid format which must be observed in con-
structing or adding to the Definitions Deck (Ref 28).

Events List. The Events List identifies by name,

number, and type all of the Exogenous and Endogenous

Events contained in the simulation program. This listing

of Events is necessary so that the translator can generate ™
an appropriate Timing routine.

Events and Subroutines. This section comprises the

bulk of the general computer network system simulation
program and is made up of the general computer metwork
system simulation program and is made up of the following

types of routines:
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1. Exogenous Events.

2. Endogenous Events.

3. SIMSCRIPT I.5 subroutines.

4. FORTRAN IV subroutines.

5. SIMSCRIPT I.5 reports.

In the following, each routine is briefly described in
terms of its primary functions in the simulatiogﬂprogram.

There are three Exogenous Events in the simulation
program. These three Events control the execution 6f a
particular simulation run. That is, they initiate the run,
specify the System, and terminate the run. The initiation
and termination Exogenous Events are necessary in all
SIMSCRIPT I.5 simulation programs. The third Exogenous
Event is included for convenience and provides a separate
facility for initiating the series of Endogenous Events
and subroutines involved with job processing at each host

processor.

1. Exogenous Event INIT. This Event is the first

Event to occur during a simulation run. Its
occurrence is triggered by an Exogenous Event

Tape and it causes the characteristics of the
various computer network and Simulation System
components to be read into the simulation program.
INIT makes certain tests for correctness on the
input data. If the data is found to be incor-
rectly specified, the simulation run is terminated.

Finally, the occurrence of INIT causes the
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calculations of network connectivity, reliability,
availability, and costs to be performed.

2. Exogenous Event START. As its name implies, this

Event causes processing to begin at each of the
network host processors on the basis of timing
information contained on an Exogenous Event Tape.
That is, it causes the Endogenous Event BJOB to
be scheduled. The START Event also establishes
the time at which performance data gathering will |
begin on the System components which are being

observed.

3. Exogenous Event END. This Event is the last Event

to occur in a given simulation run. Its occur-

rence, which is scheduled by an Exogenous Event

v N~

Tape, signifies the end of the simulation run.

There are eight Endogenous Events in the simulation ﬁ
program. These Events control how the state of the System

is to change with the passage of simulated time. That is, j

they control the flow of jobs through the queueing network }

described in Chapter V. The Endogenous Events themselves, '

(their number and functions) were chosen to coincide with

the movements of a job or job segment between the various

System queues and between the System queues and the host ;

processors' CPUs.

1. Endogenous Event BJOB. This first of eight ﬁ
1
Endogenous Events generates the jobs which are

i ’ input to the network through the various host
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processors. In doing so, BJOB tests a host pro-

cessor's input queue to determine if it is full.

If the queue is full, the simulation run is ter-

minated. If the input queue is not full, a new

job is created, its characteristics are assigned,

and it is placed into the proper input queue.

After BJOB is initially scheduled by the Event ‘
START, it reschedules itself.

2. Endogenous Event RUN. This Event selects the

highest priority file request of job segment

which is currently awaiting processing at a

particular host processor, assign it certain

characteristics, and then schedules its execution.

The selection process implemented in RUN directly

reflects the job selection process described in

Chapter V. a

3. Endogenous Event TAME. This Event initiates the

CPU execution of a particular job segment. It
also determines the amount of CPU time that will N
be used by the job segment prior to its next I/O
request.

4. Endogenous Event CPU. This Event assigns the I/O

channel to be used by a job segment after the CPU ;
time between I/O request, determined by the Event ?
TAME, has elapsed. If no I/0 channels are cur- §
rently available, it places the job segment into r

the I/0 channel queue.
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5. Endogenour Event INTER. This Event occurs after G

an I/0 request has been completed. At that time,

INTER compares the priority of the job segment
currently in control of a particular host pro-
cessor's CPU with the priority of the job segment i
which has just completed the I/O request. Then .%
INTER places the higher priority job segment in l#
control of the host processor's CPU and the remain-

ing job segment it places in the host processor's

CPU queue. f

6. Endogenous Event NEXT. Upon the completion of a

job segment, the Event NEXT determines which job
segment will next receive processing by a partic-
ular host processor's CPU. The routine first i

checks the host processor's CPU queue for job 4

segments which had begun processing but were
interrupted by I/0 requests. If none are found,
the routine then checks the host processor's
memory queue. If still no job segments are found,
the routine selects a new file request from the
host processor's input queue to begin processing.
A number of different circumstances can occur
during this job segment selection process. Such
circumstances are handled according to the conven-

tions established for the computer network system

model in Chapter V.

If the job segment just completed marks the |
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end of a file request, the routine determines if
the file request.just completed is the last one
associated with a particular job or if the job
must be transmitted to another host processor.
In the former case, the routine ensures that all
System statistics are updated. In the latter
case, the NEXT routine assigns a transmission
path for the job's use. If not transmission
path can be assigned, the job is placed into the
particular host processor's output queue.

Endogenous Event ENDT. This Event occurs upon the

completion of a job transmission. The ENDT rou-
tine places the transmitted job into the receiving
host processor's input queue. It then determines
if there are any jobs waiting transmission which
can use the transmission links just made available
prior to their being released.

Endogenous Event RPT. This Event causes snap-shot

performance reports to be made of the System at

intervals specified by the analyst.

There are twelve SIMSCRIPT I.5 subroutines in the simu-
lation program. These routines are support routines for the
Exogenous and Endogenous Events. The process of determining
which Functions would be performed by a subroutine centered
around identifying those functions which the analyst might
want to change during the course of an analyst project.

For example, the transmission management routing algorithm

Lil'Y
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contained in.subroutine LINK.

&,

SIMSCRIPT I.5 subroutine CHEK. This subroutine

determines if the computer network described in
the input data is connected. That is, it deter-
mines if there is at least one transmission path
between any pair of host processors. This routine
is an implementation of the connectivity algorithm
described in Chapter V. It uses Entities, Attri-
butes, and Sets as described earlier in this
chapter.

SIMSCRIPT I.5 subroutine CALCOST. This subroutine

calculates the total monthly cost of the computer
network configuration being simulated.

SIMSCRIPT I.5 subroutine AREA. This subroutine

determines the portion of the data structure in
which the characteristics of a newly created job
will be placed. If the amount of storage area

set aside in the data structure for job character-
istics is full, the simulation run is terminated.

SIMSCRIPT I.5 subroutine ASIGN. This subroutine

assigns a job type to a newly created job. It
also adds a list of all the host processors
associated with the job type to the new job's
characteristics.

SIMSCRIPT I.5 subroutine IO. This subroutine

describes an I/0 request that has been made by

a particular job segment and then schedules the
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actual I/O interrupt itself.

6. SIMSCRIPT I.5 subroutine ENDSG. Upon the com- i

e

pletion of a particular job file request, ENDGS

updates the various statistics being gathered in
association with job file requests.

7. SIMSCRIPT I.5 subroutine ENDJB. This subroutine

updates the various statistics associated with i

8. SIMSCRIPT I.5 subroutine RELSA. This subroutine

|
1
job (job type) completions. i

makes that portion of the data structure which
was being used by the just completed job available
for use by a newly created job.

9. SIMSCRIPT I.5 subroutine LINK. This subroutine

implements the fixed-minimum-path routing algorithm

discussed in Chapter V. That is, it searches for

aain

the shortest transmission path between two host
processors. If the number of links-traversed by
the minimum path found exceeds five, the routine
states that a transmission path is not currently
available.

10. SIMSCRIPT I.5 subroutine ACCT. This subroutine

updates the transmission processing statistics

for the transmission request just initialed. It

also schedules the end of the transmission. ;

11. SIMSCRIPT I.5 subroutine RESL. This subroutine

releases the transmission links just used and L

computes the total usage time for each of the
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transmission links.

12. SIMSCRIPT I.5 subroutine STATS. This subroutine

first complies the performance data pertinent to
the performance measures being made on the simu-
lated computer network. It then places these
reduced data items into a subscripted Permanent
Attribute for output.

There are three FORTRAN IV subroutines in the simula-
tion program. All three subroutines are associated with
the production of the Network Reliability/Availability
Report. The subroutines are written in FORTRAN 1V, but
could just as easily be written in SIMSCRIPT I.5. As
with the SIMSCRIPT I.5 subroutines, the functions selected
for each subroutine allow the analyst to make functional

changes with a minimum amount of effort.

1. FORTRAN IV subroutine NETRA. This subroutine !
calculates the reliability of successful communi-
cation and the availability of communication for
each pair of host processors in the computer
network being simulated. It also calculates a i3
pessimistic and mean reliability and availability
percentage for the computer network as a whole.
This routine reads its own data and outputs its
own reliability/availability reports.

2. FORTRAN IV subroutine PATH. This subroutine |

determines the transmission paths or tie sets

between a particular pair of host processors. {
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It is used in conjunction with the NETRA subrou-
time.

3. FORTRAN IV subroutine CALAVAL. This subroutine

calculates the percent availability for each
individual transmission path between two host
processors. It is used in conjunction with the
NETRA subroutine.

There are eleven SIMSCRIPT I.5 Report routines in the
simulation program. With the exception of the reliability/
availability reports, all program output is handled through
these routines. The format of those reports is illustrated
in Appendix D.

1. SIMSCRIPT I.5 Report RPORT 1. RPORT 1 reports the

input data associated with each host processor.
There is a separate report generated for each host
processor.

2. SIMSCRIPT I.5 Report RPORT 2. RPORT 2 reports the

input data associated with each transmission link.
It also reports a calculated monthly cost for each
link. There is one consolidated report for all
the transmission links.

3. SIMSCRIPT I.5 Report RPORT 3. RPORT 3 reports the

calculated basic monthly configuration costs for
the computer network configuration being simulated.
There is one such report produced per simulation
run.

4, SIMSCRIPT I.5 Report REPORT 1. REPORT 1 is a
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periodic performance report on each host processor
in the network. There is a separate report pro-
duced for each host processor. The interval
between reports is specified by the analyst.

SIMSCRIPT I.5 Report REPORT 2. REPORT 2 is a

periodic performance report on each transmission
link in the network. There is one consolidated
report for all the transmission links. The inter-
val between reports if specified by the analyst
and coincides with the interval between host pro-
cessor performance reports.

SIMSCRIPT I.5 Report REPORT 3. REPORT 3 is a

periodic performance report on each of the I/O
channels for each host processor in the network.
There is a separate report produced for each host
processor. The report interval is the same as
that for the REPORT 1 and REPORT 2 reports.

SIMSCRIPT I.5 Report BANNER. Upon successful

termination of a particular simulation run,
BANNER prints that the simulation was successfully
terminated and the time at which termination

occurred.

The remaining four Report routines are used for the

reporting of errors and for the detailed tracking of program

occurrences. The errors identified by the simulation are

ones which result from either incorrectly specified input

data or from situations which can occur during a simulation
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run and which would result in useless results. The errors

reported are, by number, the following:

1. The interval between performance reports is equal
to zero.

2. The computer network topology specified is not
connected.

3. The job priority input data for host processor N
is incorrectly specified.

4. The number of job segments input data for host
processor N is incorrectly specified.

5. The maximum number of jobs allowable in the network
has been exceeded (i.e., the job characteristics
storage area of the data structure if full).

6. The job type input data is incorrectly specified.

7. The I/O channel assignment routines are in error.

8. The transmission link assignment routines are
in error.

9. The maximum allowable input queue length for host
processor N has been exceeded.

10. The job type cumulative probability data is in
error.

The occurrence of any of the above errors causes the simula-
tion run to terminate.

8. SIMSCRIPT I.5 Report ERROR 1. For those errors

in which a reference to a specific host processor
would have no meaning, ERROR 1 prints the error
number, the simulated time when the error occurred,
and the number of the routine in which it occurred.

9. SIMSCRIPT 1.5 Report ERROR 2. For those errors

in which a reference to a specific host processor

would aid in diagnosing the error, ERROR 2 prints
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the error number, the simulated time when the
error occurred, the number of the routine in which
it occurred, and the number of the associated host
processor.

10. SIMSCRIPT I.5 Report PARAMS. This report provides

a means of tracking the occurrence of every Event

and subroutine during a given simulation run. The

report itself contains the number of the routine,

the simulated time when it occurred, and certain

pertinent data items. The report is triggered on
‘ and off by the analyst.

11. SIMSCRIPT I.5 Report PRIODS. This report is used

in conjunction with the report PARAMS. It pro-
vides detailed information on the characteristics
of the jobs being processed by the network host
processors.

Initialization Deck. The Initialization Deck provides

initial values to Permanent Attributes, defines how many

! Permanent Entities are associated with each Permanent
Attribute, and assigns Permanent Attributes to Permanent
Entities. The deck itself consists of one System Specifi- f;
cation Card followed by initialization cards and lastly

' one blank card (Ref 28).

The use of the Initialization Deck allows the analyst

to either initialize the System to an idle or empty state 5
as is done in the general computer network system simulation,

or to initialize the System to some state in its actual life

cycle.,
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Data Deck. The Data Deck contains all the information

necessary to characterize the computer network to be simu-

lated and its environment. The structure of the Data Deck

is shown in Appendix C. The deck is composed of four groups

of data: host processor specification data; topology
specification data; reliability/availability data; and
transmission link specification data. The host processor
data includes the workload characterization for each host

processor in the network.

Sumnmary

The fifth step in the development of the general
computer network system simulation was to translate the
computer network system model described in Chapter V into
the simulation programming language SIMSCRIPT I.5. 1In
doing so, the computer network system model was described
in terms of Permanent and Temporary Entities, Permanent
and Temporary Attributes, Sets of Entities, Exogenous and
Endogenous Events, and SIMSCRIPT I.5 and FORTRAN IV sub-
routines. Such a description also determined both the
data structure that would be used to support the simula-

tion and the simulation construction.
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VII. SIMULATION EXPERIMENTS

Introduction

The final phase in the development of the general
computer network system simulation was to conduct a series
of simulation experiments which would establish to what
extent the system simulation reflected the general computer
network system model described in Chapter V. This experi- ﬁ
mentation phase began when the basic Exogenous and Endog-
enous Event routines were first integrated into a workable
simulation program. The simulation experiments, of course,
served to indicate those aspects of the evolving simulation
program which were in error as well as those which were

correct. Thus, simulation experimentation as it was

e

applied to the development of the general computer network

system simulation was an iterative process which sought to

eliminate logic errors and to tune the system simulation to
the system model.

The simulation experiments which were conducted on the

general computer network system simulation can be divided 2
into three categories. The categories are:
1l. Job Flow experiments,

2. Performance measure and error exercising experi-
ments, and

3. Computer network experiments.

In this chapter, each of the three categories of
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experimentation is discussed along with the pertinent H

results of each.

Job Flow Experiments

This category of simulation experiments sought to trace
in detail the job flow in the individual events, subroutines,
and reports as well as in the overall system simulation.
This was done in order to determine if the job flow repre-
sented in the simulation was in fact the job flow described
by the general computer network system model. f

The foundation for this category of experimentation
was the fact that each job in the simulated network pos-
sessed a unique job number. This job number was assigned
to a new job when it entered the network and was retained
until the job completed its processing. Making use of

SIMSCRIPT I.5 Reports PARAMS and PRIODS, discussed in

-

Chapter VI, it was possible to trace a new job from its

creation until it was destroyed. These trace reports pro-

vided such information as the job's number, the routines

the job exercised, and the simulated times at which the

job exercised the routines. 1
The job flow experiments were controlled by limiting -

the number of job segments per job file request and by

structuring the workload characterization of the host

processors. For example, the number of job segments per

job file request was limited to one. Additionally, all

but one of the host processors' workloads were limited to

a single job type requiring processing only from the
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originating host processor. The remaining host processor's
workload was limited to a single job type requiring pro-
cessing at all of the host processors in the simulated
network. Controlling the experiments in this manner
greatly facilitated the use of the job trace information
obtained during simulation runs in tracing individual jobs.
A large number of simulation experiments were conducted
in this category. Analysis of the job trace data obtained
indicated that the job flow described by the general computer
network system simulation was a logically accurate reflec-
tion of the job flow described by the general computer net-

work system model.

Performance Measure aind Error

As its name implies, this category of simulation experi-
ments was directed toward exercising all of the various per-
formance measures and errors of the simulation. There were
two groups of features examined during these experiments.
The first group were the various error messages that had
been incorporated into the simulation. The method of
exercising this group of features was quite simple. An
error was introduced and its detection and reporting by
the simulation was noted. For example, the new job inter-
arrival times at the host processors were shortened dis-
proportionately to the service times of the various system
resources (i.e., the CPU, transmission facilities, etc.).

This caused the maximum number of jobs allowable in the
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nétwork at one time to be exceeded and an error message
to that effect to be output. Each of the possible error
situations was created in a similar manner and the simu-
lation response (error message and simulation termination)
was observed.

The second group of features to be exercised were the
general computer network system simulation's performance
measures. As with the first group of features, situations
were created which would cause a particular performance
measure to react in a predetermined manner. The predicted
behavior was then compared with the observed behavior fol-
lowing the simulation run. For example, a situation
similar to the one described in the discussion on the job
flow experiments was created in order to observe the host
processor input queue measures. The deviation from the
described situation was that one of the host processors
was not allowed to start processing jobs. This situation
should cause the nonoperative host processor's input queue
to become filled with only those jobs transmitted to it
from elsewhere in the network. It should also cause the
maximum input queue length and the current input queue
length to be equal. A simulation run was conducted and the
measured behavior was seen to approximate the predicted
behavior of the performance measures. Each of the perfor-
mance measures made on the simulated system were exercised

in a similar way and seen to behave as predicted.
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System Experiments ;i

The third and final éategory of simulation experiments g
was concerned with demonstrating the performance of the :
general computer network system simulation in an evaluation
of alternatives role as discussed in Chapter II. Two

sources of variation upon a basic system characterization

RO i s i

were used. The first involved the workload (job types)

presented to each of the host processors and the second

concerned the type of global topology (transmission links)
interconnecting the host processors. The basic system
characterization was composed of four host processors
interconnected in a ring type global topology (See Figure 9).
The characteristics used to describe the host processors,
the workload, the transmission links, the reliability and
availability of a transmission link, and the configuratiomn
costs were selected based upon two criteria. The first
criteria was that the characteristic be realistic. The
second criteria was that the characteristics (such as job
inter-arrival times) allow the simulated system to reach

a steady state (i.e., approximately as many jobs would be
completed as would be input over a given interval of time)
in a relatively short period of simulated time.

Five basic system experiments were conducted. They
each ran for a simulated six hours, with interval perfor-
mance reports, being made every two hours. This timing of
the simulation and of the reports was chosen after several

preliminary runs indicated that the simulated system .

132




GCS/EE/77-3

Fig 9. Simulation Experiment Ring Topology
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reached a steady state before two hours of simulated time
had elapsed. The basic unit of time in each experiment

was a second. The use of a second as the basic unit of
time was motivated bg the fact that most computer system
accounting data uses the second as the basic unit of time.
The first two experiments were concerned with workload
variations. The last three experiments studied the effects
of variations in the global computer network topology. The
characterization and performance data for each experiment
is contained in Appendix D.

Experiment I. In this experiment, none of the jobs

input at the host processors required processing at any
host processor othér than the one at which the jobs
were input. Thus, the number of job file requests aééo—
ciated with a job was limited to one. Additionally, the
number of job segments per job file request was limited to
one in all cases except that of host processor three, where
there was an equal probability of a file request having
from one to ten job segments. Finally, the priority
assigned to a new job was restricted to priority one for
all host processors except host processor two. In the case
of processor two, a new job had an equal probability of
having a priority from one to ten.

A number of major results could be predicted from the
above workload characterization. First, the number of file
requests processed at a host processor should equal the

number of jobs completed at the same host processor.
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Additionally, the mean throughput time per file request
should equal the mean throughput time per job. Second,
there should be no transmission requests originated and
conseaquently no transmission link utilization statistics
produces. Third, the processor utilization of host pro-
cessor three should be higher than that of the other host
processors due to the large number of job segments requir-
ing CPU execution time. The larger number of job segments
at host processor three should also cause an increased
number of I/O requests to be processed and thus show a
higher I/0 channel utilization. Finally, the job priority
statistics for host processor two should indicate the
processing of file requests having priorities from one

to ten. The results of Experiment I, as shown in Appendix
D, confirmed all the predicted results discussed above.

Experiment II. This experiment was very similar to

the previous experiment in the manner in which the jobs in-
put at the host processors were characterized. The dis-
similarities, however, were that all of the jobs input
at the host processors would have priorities of one, that
all of the job file requests processed would have only
one job segment, and that all of the new jobs input at
host processor one would require processing at each of the
host processors in the simulated network.

As was the case with the prior experiment, a number
of major results could be predicted from the manner in

which the network workload had been characterized. First,
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the number of job file requests processed by a host pro-
cessor would be greater than the number of jobs completed 3
by the same host processor. In fact, the difference be-

tween the two should be approximately equal to the number

of jobs completed by host processor one. This would be %

due to the fact that all of the host processors except

host processor one would be required to process a file
request belonging to a job originated at host processor
one and that host processor one would be able to show job
completion oniy after a job had received processing from
each of the other host processors. Additionally, the
mean throughput time per job should be greater than the
mean throughput time per file request. Second, the number
of transmission requests originated at each host processor
should equal or be slightly greater than the number of
jobs completed by host processor one. This again would ;é
be due to distributed processing required by jobs input k
at host processor one. Finally, the individual host pro-
cessors should show a general increase in processor utili-
zation over Experimeﬁt L

The results of Experiment II, as shown in Appendix D,
confirmed all of the predictions concerning the performance
of the simulated network. One interesting result of the
experiment was noted. It was that the number of tuple
requests between a given pair of host processors did not
equal the number of transmission requests originated be-

tween the same pair of host processors. This result was
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due to the fixed-minimum-path routing algorithm selecting
a transmission path other than the most direct for the
transmission of a job.

Experiment III. This experiment was the first in a

series of three experiments where the source of variation
between experiments would be the global network topology.
All other aspects of computer network characterization
would remain constant.

Experiment III was configured in a ring topology (See
Figure 9) and was to serve as the basis for comparison with
the results of Experiments IV and V. In Experiment III as
well as Experiments IV and V, the jobs input at the host
processors had an equal probability of requiring processing
at one, two, three, or four of the host processors. 1In
addition, the number of job segments per job file request
was limited to one. Various probabilities for job prior-
ities were assigned to each host processor.

This series of experiments also contained calculations
of network reliability and availability..ﬂThese calculations
would provide yet another means of compéring the different
topologies characterized by the individual experiments.

The results of Experiment III were expected to gener-
ally follow those of Experiment II, except that a general
increase in the numbers was anticipated. This was because
of the increased number of jobs requiring transmission
through the network. The results of the actual experiment

seemed to confirm the anticipated results.
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Experiment IV. This experiment was the second in the

series of three experiments where the source of variation
was the global network topology. In this particular experi-
ment, the ring topology of Experiment III had been changed
to the centralized global topology shown in Figure 10. 4
Certain predictions concerning the results of this ?

system experiment were made. First, due to the decreased

number of transmission links as well as their configuration,
the number of transmission requests handled by any given
transmission link should increase. Additionally, the .j
maximum output queue length, the mean output queue length, \
and the mean transmission delay time should increase.
Second, the processor utilization, the number of file
request completed, and the number of jobs completed should
decrease. This was because it was felt that the additional
transmission delay would decrease the amount of work com-
pleted in the six hour observation period. Finally, the
reliability and availability of communication throughput
the computer network should in general decrease.

The actual results of the simulation run confirmed
all but one of the predicted results. While the mean
transmission delay time did increase, it did not seem to
have a substantial effect on the number of jobs completed.
The delay was apparently not long enough to have the
anticipated effect.

Experiment V. Experiment V was the third and last

in the series of experiments where the source of variation
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was the global network topology. In Experiment V the ring
and centralized topologies of Experiments III and IV were
combined into the distributed global topology shown in
Figure 11.

As in all the previous experiments, certain predictions
were made about the performance of the simulated system.
First, as a result of the increased number of transmission
links as well as the distributed topology the number of
transmission requests sent over any given transmission link
should decrease. In addition, the maximum output queue
length, the mean output queue length, and the mean trans-
mission delay time should all decrease. Second, the pro-
cessor utilization, the number of file request completed,
and the number of jobs completed should all increase.

This was because with the decreased mean transmission delay
time, the number of jobs able to flow through the computer
network should increase. Correspondingly, the reliability
and availability of communication throughout the network
should in general increase as a result of the increased
number of possible transmission paths between host pro-
cessors.

The results of this final system experiment agreed
with the anticipated results. The overall results of the
last three simulation experiments indicated that the
general computer network system simulation could be used
to obtain a "feel" for different topologies applied to a

given computer network environment.
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Fig 11, Simulation Experiment Distributed Topology
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Summarz

Three categories of simulation experiments were con-
ducted on the general computer network system simulation.
They were:

1. Job flow experiments,

2. Performance Measure and Error exercising experi-
ments, and

3. Computer Network experiments.
These experiments sought to eliminate errors in the system
simulation and to tune it to the general computer network
system model. Thus, the simulation experimentation process
itself was an iterative process which resulted in a general
computer network system simulation which it is felt
accurately reflects the computer network system model
described in Chapter V. However, it must be emphasized
that the performance of the system model has not been com-

pared with the performance of an actual computer network

-

and that caution must be exercised in using the system

simulation.
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VIII. CONCLUSIONS AND RECOMMENDATIONS

Introduction

This chapter discussed several conclusions resulting
from the development of a general computer network simula-
tion model. Recommendations for further investigations

and expansions of this simulation model are also discussed.

Conclusion

A general computer network system model has been
developed. This model has been implemented in the discrete
event simulation programming language SIMSCRIPT I.5. It is
felt that within the constraints mentioned in Chapters V
and VI the general computer network simulation model is
capable of effectively aiding in the evaluation of the
following aspects of a computer network's performance.

1. Reliability.

2. Availability.

3. Survivability.

4. Network Effectiveness and Efficiency.

5. Basic monthly costs.

6. Data-base and applications software distribution.
It should be emphasized that the general computer network
simulation model has not been subjected to a formal verifi-
cation and validation. That is, the performance of the

simulation model has not been compared with the performance
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of an existing computer network. However, in its present
state of development it is felt the simulation model is
adequate for obtaining a basic "feel" or understanding

of computer network performance.

The development of the general computer network simula-
tion model, like the development of any other product, went
through a series of clearly definable but overlapping and
frequently iterative steps. It is felt that these steps
as they evolved are of a general nature and can be applied
to the development of most complex system simulations models.
The steps in this development process are as follows:

1. Study system simulation in general.

2. Study the system to be modeled and simulated in
general.

3. Study the performance measures that can be made
on the system in general.

4. Design a system model.

5. Implement the system model.

6. Conduct simulation experiments.
The primary difference in this approach versus others that
have been proposed is that it explicitly includes a study
of the performance measures that can and should be made on
the system to be studied. It is felt that to include such
a study prior to the design of the system model should aid

in the elimination of unnecessary modeling detail.

Recommendations

There are three areas in which the general computer

144




D e g . PR TSN 1 3y o

GCS/EE/77-3

network simulation model could be expanded and enhanced. t4

The first would involve a more detailed characterization

S S ity i 4

of the I/O requests and the I/0 devices at each of the host
é processors. This addition to the simulation model would
require that a method of characterizing I/O requests
{ similar to that used to characterize jobs be developed.
' It would also require the addition of routines to simulate
the behavior of each type of I/O device associated with a
particular host processor. This change would allow the

analyst to characterize the host processors more real-

S TN

istically.
The second enhancement that could be made to the simu-
lation model calls for the inclusion of a packet-switching

capability for message transmission. This change would

e sl o AR AN 1o

require that the SIMSCRIPT I.5 subroutine LINK be expanded
to include the selection of an adaptive routing algorithm.

It would also require that the SIMSCRIPT I.5 subroutine

ACCT be expanded to handle the division of messages into

packets before transmi sion. This change would allow the

” -~ -
SBIEP - AN

analyst to have the option of simulating either a packet-
? switching or a message-switched computer network.
The third enhancement would expand the manner in which
the simulation model could be used. It calls for the formal

verification and validation of the simulation model with

data from an existing computer network. This enhancement |
would require that a sizeable workload characterization 1

and performance measurement and evaluation study be
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performed on the existing network. Such an effort would

greatly enhance the value of the general computer network

simulation model.
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APPENDIX A

General Computer Network
System Simulation Flowcharts

Introduction

A symbolic flowchart provides a convenient way of describing
the functions of the various routines of the system simulation.
The symbolic conventions used in this appendix are shown in Figure
A-1. They are based upon the convention set forth by P.J. Kiviat

in Digital Computer Simulation: Modeling Concepts, The Rand

Corporation RM-5378-PR, Santa Monica, California, 1967. The system

simulation flowcharts follow these two pages.
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: a. Computation: LE® T = 1
r;
g
4

ce On page transfer:

s s W e

d, [lowchart entry:

3
;] b. Decision Flow: . N

| i

CAUSE
e. Scheduling of event in RUN AT
simulated future: TIME

Fig A-1. Flowchart Conventions
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f. Return to Timing routine
and select next Scheduled
Event: )

ge Off page transfer:

h. Input data or REPORT 1
Output data:

: P CALL i
i. Subroutine call: LINK

.,‘__

je Return or stop from STOP
a subroutine:

Fig A-1, Flowchart Conventions Continued
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Exogenous Event INIT

READ
TOPOLOGY

INPUT

DATA

CALL
CHEK

CALL
NETRA

READ
TRANSMX

CALL
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Exogenous Event START

SELECT
PROCESSOR
TO START

l

SAVE
PROCESSOR
START TIME

|

CAUSE
BJOB AT
TIME
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5 Exogenous Event END

§ CALL
i STATS

f | |

CALL I
BANNER

| STOP
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Endogenous Event BJOB

CREATE
INPUT
QUEUE

INCREMENT
INPUT

QUEUE
LENGTH

l

CAUSE
BJOB AT
TIME +

— ]

ACCUMULATE
PROCESSOR
IDLE TIME

4

CAUSE
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Endogenous Event RUN
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REMOVE JOB

SEGMENT

FROM CPU
QUEUE

'

CAUSE
TAME AT
TIME

ACCUMULATE
PROCESSOR
IDLE TIME
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Endogenous Event RUN (Cont.)

ACCUMULATE
MEMORY _
QUEUE 4
| DELAY TIME T
st 4
R%J/rgf ;
| PUT JOB | ;
‘ SEGMENT -
IN MEMORY [~ > |4
QUEUE :
5
INCREMENT 1
MEMORY -
: IN USE
d ‘
|
| d

T

CAUSE CAUSE b
TAME AT NEXT AT g
TIME TIME

R T —
i
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Endogenous Event RUN (cont.)

REMOVE JOB
SEGMENT
FROM INPUT
QUEUE

CALL
AREA
ACCUMULATE SAVE JOB
ALL QUEUE START
DELAY TIMES TIME
INCREMENT
JOB SEGMENTS
IN MEMORY
DETERMINE
JOB SEGMENT
CHARACTS .
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Endogenous Event TAME

DETERMINE

TIME BETWEEN
1/0
REQUESTS

ACCUMULATE

JOB SEGMENT
DELAY
TIME

A

SAVE
JOB
CHARACTS.

l

CAUSE
CPU AT
TIME +
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Endogenous Event

Al
v

PU

ACCUMULATE
CPU

EXECUTION
TIME

/0
CHANNEL

AVAIL
?

CALL PLACE JOB
10 SEGMENT
IN I/0
7 QUEUE
CAUSE
RUN AT
TIME
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Endogenous Event INTER

ACCUMULATE
1/0
CHANNEL
TIME

l

DECREMENT
/0

CHANNELS

IN USE

}

INCREMENT
NUMBER
OF 1/0

REQUESTS

Y 1/0 N

I3 QUEUE
EMPTY,
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Endogenous Event INTER (Cont,)

REMOVE JOB
SEGMENT
FROM I/0
QUEUE

gafias”

l

ACCUMULATE
1/0 QUEVE
RELAY TIME
FOR JOB SEG.

l

CALL
I0
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Bndogenous Event INTER (Cont.)

|

4 CPU v

\ IDLE? o It > 3
R
g

PLACE JOB 1

| PRIORITY = |

| st IN CPU

: ‘ QUEUE ,

i b

CANCEL
CPU EVENT
FOR JOB

SEGMENT

l

UPDATE
CPU TIME
FOR JOB
SEGMENT

: |

PLACE JOB
SEGMENT
IN CPU

QUEUE
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Endogenous Event NEXT
INCREMENT
NUMBER OF
COMPLETED
I/0 REQUESTS

ILE
REQUEST
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CPU
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TIME FOR
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UPDATE JOB o
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RELEASE
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Endogenous Event NEXT (Cont.)

DETERMINE
MEMORY
FOR NEXT

JOB SEG.

MEMORY
AVAIL?

PLACE JOB
SEGMENT
IN MEMORY
QUEUE

INCREMENT
MEMORY
IN USE

l

DETERMINE
NUMBER OF
I1/0 REQUESTS

e
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Endogenous Event NEXT (Cont.)

CALL
ENDSG

DETERMINE
NEXT HOST
PROCESSOR

FOR JOB

UPDATE
JOB

TRANSMISSION

STATISTICS

l
2]

CALL
ENDJB
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Endogenous Event NEXT (Cont.)

CALL
LINK

ATH
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CALL
ACCT
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QUEUE
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Fndogenous Event ENDT

CALL
{ RELSL

PLACE JOB

i IN INPUT
QUEUE

|
{
CALL ACCUMULATE
LINK ol
IDLE TIME
t
l ' | i
| g CAUSE f¢
| N RUN AT ~|
‘ TIME | 3
| Y |
CALL “
ACCT
\
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Endogenous Event RPRT

CAUSE
RPRT AT
TIME +

CALL
STATS
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SIMSCRIPT I.5
Subroutine CHEK

CONNECTED
?

RETURN
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_ Subroutine CALCOST 1
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CALCULATE 1
: NETWORK 1
COSTS ;;
.!i
3

5 RETURN | ]
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SIMSCRIPT I.5
Subroutine AREA

ASSIGN
JOB
CHARACTS .
STORAGE

l

INCREMENT
JOB
NUMBER

l

CALL
ASIGN

RETURN
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SIMSCRIPT 1.5
Subroutine ASIGN

ASSIGN
HOST
PROCESSORS
TO BE USED

RETURN
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SIMSCRIPT I.5
Subroutine IO

INCREMENT

NUMBER OF
TRANSMISSION I
LINKS N USE

b

SAVE .
I.D. NUMBER - H
OF LiNKS '

USED

CAUSE

INTER AT
TIME +

i ot s
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1 RETURN

9

b

1

| i

/
il

182
5




TR

o ————————— T

GCS/EE/77=~3

SIMSCRIPT I.5
Subroutine ENDSG

DECREMENT
NUMBER OF
JOB SEGS.
IN MEMORY

1

INCREMENT
NUMBER OF
FILE REQUESTS
COMPLETED

UPDATE ALL
QUEUE
MEANS

I

l

ACCUMULATE
CPU

EXECUTION
TIME

UPDATE
JOB PRIORITY
STATISTICS

l

UPDATE
FILE
REQUEST

START TIME

RETURN
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SIMSCRIPT I.5
Subroutine ENDJB

UPDATE
JOB TYPE
STATISTICS

l

CALL
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SIMSCRIPT 1.5
Subroutine RELSA

MAKE JOB
STORAGE
JUST USED
AVAILABLE

RETURN
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SIMSCRIPT 1.5
Subroutine LINK

SET
NUMBER OF t
LINKS TO |

ZERO

e

RETURN 3

RETURN

SET
YES NUMBER OF
1 LINKS TO

ONE

| |
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SIMSCRIPT I.5
Subroutine LINK (Cont,)

LINK PATH

SET
NUMBER OF _J

LINKS
TO TWO

SET
NUMBER OF

LINKS B!

TO THREE

SET
NUMBER OF
LINKS TO

FOUR

SET
NUMBER OF
LINKS TO
FIVE

; RETURN

L2

-

SET
LINK

ARRAY
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SIMSCRIPT I.5

Subroutine ACCT

NTER

MAKE
PATH LINKS
UNAVAIL,

l

INCREMENT
LINK USE
COUNTS

l

SAVE
TRANSMISSION
START TIME

}

UPDATE
TRANSMISSION
PROCESSING
STATISTICS

CAUSE
ENDT AT
TIME +

RETURN
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SIMSCRIPT I.5
Subroutine RELSL

RELEASE
LINKS
JUST USED

l

COMPUTE

TOTAL
TRANSMISSION

TIME

RETURN
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SIMSCRIPT I.5

Subroutine STATS

COMPUTE
PROCESSOR
TILIZATION

l

COMPUTE
MEAN
QUEUE
LENGTHS

3

COMPUTE
JOB
PRIORITY
STATISTICS

COMPUTE

TRANSMISSION
LINK

UTILIZATION

l

1

COMPUTE
JOB TYPE
STATISTICS

COMPUTE
RANSMISSION
PROCESSING

STATISTICS

B!

COMPUTE
1/0
CHANNEL
UTILIZATION

REPORT 2

RETURN
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FORTRAN IV
Subroutine NETRA

INITIALIZE
ARRAYS

PRINT
LINK
Pr(R) +
Pr(A)

CALL
PATH

PRINT
PATHS

CALL
CALAVAL

'

DETERMINE
MINIMUM
CUT SETS

CALCULATE
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'

CALCULATE
R/A MEANS
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RETURN
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FORTRAN IV
Subroutine PATH

READ
TOPOLOGY

DETERMINE
PATHS

RETURN
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FORTRAN IV
Subroutine CALAVAL

¢ CALCULATE
" PATH
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APPENDIX B

Data Structure

Introduction

This section defines the data structure used to support the

general computer network system simulation. The data structure
is divided into five segments according to the type of state infor-
mation stored or maintainedzin each segment. The five data struc-
ture segments are:

1. Temporary Entity and Attribute information,

2. Permanent Entity and Attribute information,

3. Event Notice Entity and Attribute information,

4. Set and Ranking Attribute information, and

5 Local Routine Variable informaticn.
Bach data structure segment is defined separately and in alphabet-
ical order,

Temporary Entities and Attributes. There are six Temporary

Entities defined in the general computer network system simulation.

Bach Temporary Entity has from two to six Attributes. The N sub-

script indicates that there can be a Temporary Entity and Attri-

bute of this type for cach host processor in the simulated network.

The Temporary Entities and their Attributes are the following:
TCHLQ(N) — A job segment waiting in an I/0 queue.

PCHLQ(N) — The pointer to the job segment's predecessor in
the I/0 queue,

SCHLQ(N) == The pointer to the job segment's successor in the
1/0 queue,

PRIO3(N) — The priority of the job segment.

LY9S
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JPNT3(N)

TCONC(N)

SCONC(N)

NCONC(N)

TCPUQ(N)

PCPUQ(N)

SCPUQ(N)

PRIO2(N)

JPNT2(N)

TMEMQ(N)

PMEMQ(N)

SMEMQ(N)

PRIO4(N)

JPNT4(N)

TOUTQ(N)

SOUTQ(N)

NODES(N)

JPNT5(N)

NXTPS(N)

o P e i AN o i i L A by SR v

The pointer to the job characteristics associated
with the job segment,

A host processor identification number used in
determining network connectivity.

The pointer to succeeding host processor identific-

ation number in connectivity stack.

The identification number of the host processor
connected to host processor N.

A job segment in a CPU queue.

The pointer to the job segment's predecessor in
the CPU queue.

The pointer to the job segment's successor in
the CPU queue.

The priority of the job segment.,

The pointer to the job characteristics associated
with the job segment,

A job segment waiting in a memory queue,

The pointer to the job segment's predecessor in
the memory queue.

The pointer to the job segment's successor in
the memory queuee.

The priority of the job segment.

The pointer to the job characteristics associated
with the job segment.,

A job waiting in an output queue.

The pointer to the job's successor in the output
queue.

The identification number of the host processor
transmitting the job.

The pointer to the job's characteristics.

The identification number of the host processor
receiving the transmitted job.
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TQUEU(N) = A job waiting in an input queue,

PQUEU(N) —— The pointer to the job's predecessor in the
input queue,

SQUEU(N) -~ The pointer to the job's successor in the
input queue,

PRIO1(N) — The priority of the job.
JNUM(N) —~— The identification number of the job.

QT(N) —~— The time the job entered the input queue.

Permanent Entities and Attributes. There are 68 Permanent At-
tributes defined in the general computer network system simulation.
These 68 Attributes are used to describe the five Permanent Entities
specified in the simulation program. The five Permanent Entities
are the host processors, the transmission facilities, the trans-
mission management software, the system workload, and the System
itself., The attributes and nonsubscripted, singly subscripted, or
doubly subscripted., When an N appears as a subscript, it means there
is a Permanent Attribute of this type associated with each trans-
mission link. Finally, when a J appears as a subscript, it means
there is a Permanent Attribute of this type associated with each job

in the simulated computer network,

ARYL1 — The maximum number of host processors (nodes)
allowable in the simulated network, Used in the
Initialization Deck.

ARYL2 — The number of entries in PROA(N,ARYL). Used in
the Initialization Decke.

ARYL? - The maximum number of transmission links allowable
in the simulated network.

ARYLY — The number of entries in WORK(N,ARYL4). Used in
the Initialization Deck.
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ARYL5  — The number of entries in OUT(ARYLS). Used in {
the Initialization Deck.

ARYL6 — The number of entries in JOB(J,ARYL6). Used in
the Initialization Deck.

ARYL? — The maximum number of job types allowable at a
host processor,

AT(N) — The mean job inter-arrival time at a host processor.
A real variable in time units.

BANDW(L) — The bandwidth in kilobits/second of a transmission
link, A real variable,

DI — The number of time units in a simulated day, a |
simulated hour, or a simulated minute. A real variable,

ERUN(I) — The number of jobs completed in the simulated
network.

FCHLQ(N) = The pointer to the first job segment in an I/O
channel queue.

FCONC(N) — The pointer to the first host processor identifi-
cation number in a connectivity test stack.

FCPUQ(N) — The pointer to the first job segment in a &
CPU queue.,

FMEMQ(N) == The pointer to the first job segment in a main
memory queue. i

FOUTQ(N) == The pointer to the first job in an output queue. ?

FQUEU(N) =~ The pointer to the first job in an input queue.

|
£
ID — A scaling factor used to convert simulated time {

units. A real variable, r

IOT(N) — The mean time in units per I/0 request. A real
variable.

The next Permanent Attribute (JOB(J, ARYL6)) holds all of the infor- ?
{
mation concerning the job;s being processed by the simulated net- i

work.

JOB(J,1) =~ The job's number.,
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JOB(J,2) == The number of jobs already completed.
"(J,3) = The job's priority.

"(J,4) — The identification number of the job's originating
host processor.

WET:5) — The identification number of the second file re-
quest's host processor.

"(J,12) -— The identification number of the ninth file re-
quest's host processor.

"(J,13) — The index to host processor in use, or waiting to
be used (O- originating host processor, 1- 1st file
request, 2- 2nd file request, <.s.., 8- 8th file request)
"(J,14) == The CPU interrupt flag (4 = interrupt).
"(J,15) == The pointer to the job type characteristics in JTYP.

"(J,16) -~ The pointer to host processor currently being used.

"(J,17) — The identification number of the I/O channel
currently in use,

"(J,18) — The number of job segments to be processed.
"(J,19) == The number of job segments currently completed.

"(J,20) == The amount of main memory required for a given
job segment.,

"(J,21) == The number of I/0O requests for a given job segment.

"(J,22) == The number of I/0 requests completed for a
given job segment.

"(J,23) == The amount of CPU execution time between I/0 requests.

"(J,24) = VACANT

"(J,29) == VACANT

(AT I T VTIPS e 4o, W R A AT
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"(J,30) -—

"(J,Bl) i

"(J,38) —
"(J’3()) _
"(J,40) —
"(J,41) —
"(J,50) —
"(J,51) —

"(J,52) =

"(J459) =
"(J,60) —
"(J,61) =—

"(J,62) —

The total number of I/0 requests made in the
originating host processor.

The total number of I/O requests made in the second
host processor to process job,.

" " " " 1" " " n 1" " " " " "nn 1"

The total number of I/O requests made in the ninth
host processor to process job.
VACANT
The start time for items JOB(J,41) thru JOB(J,120).
VACANT

"

"

n
VACANT

The total delay time once execution is started at
the originating host processor.

The total delay time once execution is started at the
second host processor to process job,.

"non 1" " " " 1" " " " " " " n " n " n"

The total delay time once execution is started at the
ninth host processor to process job.

VACANT

The total CPU execution time in originating host
processor,

The total CPU execution time in second host processor
to process job.,.
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"(J,69) — The total CPU execution time in ninth host processor
to process job, 3

"(J,70) - VACANT

"(J,71) — The total input queue dday time in originating host [
processor,

"(J,72) == The total input queue delay time in second host ;
processor to process job.

"(J,79) =— The total input queue delay time in ninth host :
processor to process job, i

"(J,80) == VACANT

"(J,81) — The total I/O time at originating host processor. !

"(J,82) == The total I/0 time at second host processor to
process job. 4

"(J,89) — The total I/O time at ninth host processor to
process job,.

"(J,90) — VACANT

"(J,91) — The total time waiting for the CPU at the originating
host processor.,

"(J,92) — The total time waiting for the CPU at the second
host processor to process job,

" " " " 1" " n " " n 1] | " " "nan "

"(J,99) =— The total time waiting for the CPU at the ninth
host processor to process job.

"(J,100) = VACANT

"(J,101) = The total time waiting for an I/O channel at the
originating host processor,
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"(J,102)

"(J,109)

"(J,110)

"(J,111)

"(J,112)

"(Js119)

"(J,120)
n(J,121)

"(J,122)

(I 125)

The total time waiting for an I/0 channel at
the second host processor to process job,.

The total time waiting for an I/0 channel at
the ninth host processor to process job. *

VACANT

The total time waiting for main memory at the
originating host processor.

The total time waiting for main memory at the
second host processor to process jobe.

The total time waiting for main memory at the
ninth host processor to process job.

VACANT
The total time waiting for transmission links.

The number of transmission links used in a trans-
mission path.

The identification number of the first transmission
link in the transmission path.

"(J,127) — The identification number of the fifth transmission

"(J,128) — VACANT

link in the transmission path.

"(J,132) = VACANT
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"(J,153)

"(J,134)

"(J,135)
"(J,136)

"(J,202)

JSTOR

The beginning of the waiting time ftor the trans-
mission linkse.

The begin nrocessing time for the first file
request of a jobe.

The begin processing time for each tile request.

VACANT
"

"
"

VACANT

- The maximum number of jobs allowable in the
simulated network at one time.

JTYP(ARYL?7,N)-The job type characteristics for all the host

LCHLQ(N)

LCDNC(N)

LCOST(L)

LCPUQ(N)

LGTH(L)

LINK(I)

LMEMQ(N)

LNKN

LOUTQ(N)
LQUEU(N)

MEM(N)

processors in the simulated network.

— The pointer to the last job segment in an I/0
channel queue.

— The pointer to the last host processor identi-
fication number in a connectivity test stacke.

— The per month cost of a transmission link.

— The pointer to the last job segment in a CPU
queue,

— The length of a transmission link.

- The identification number of a host processor
traversed by a transmission path.

-~ The pointer to the last job segment in a main
memory queue.

- The number of transmission links in the simulated
network,.

- The pointer to the last job in an output queue.
— The pointer to the last job in an input queue.

-~ The mean amount of main memory required by a job
segment .,
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MILEC(L)

MSGS(N,N)

NFLAG

NIOR(N) "

NMJOB
NPNT

NPRO
NTIME

NUM
OUT(ARYLS)
PLOC(N)

PPROB(N,N)

PROA(N, 1)

" (N,Z)

" (N,B)

PROC(N)

PTYPE(N)

PUTM(N)

RANDR

SIGN(N)

e A i . W MG A P G o

The cost per mile per month for a transmission
link.,

The number of transmission requests transmitted
over a transmission link expressed as a host
processor tuple.

The flag used to activate the PARAMS and PRIODS
Reports (0=0FF, 1-ON).

The mean number of I/0 requests per job segment.

The identification number of a jobe.

The number of jobs in the simulated network.,

The identification number of a host processor.

The current simulated time in units.

The number of host processors in the simulated network,
The output statistics buffer.

A host processor's location.

The cumulative probabilities for job priorities
from 1 to 10,

The priority of the job currently executing on the
CPU at a host processore.

The pointer to job characteristics for the job
currently executing on the CPU at a host processor.

The identification number for the CPU Event
Notice for the job currently executing on the CPU
at a host processor.

The per month hardware rental and maintenance cost
at a host processor.

The nomenclature of the host processore.

The mean CPU time between I/0 requests for a job
segment.

The random number generator root,

The stack pointer for the connectivity test stack
for a host processor,
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SOFC(N) — The per month software rental and maintenance
cost at a host processor,

SPROB(N,N) — The cumulative probabilities for a file recquest
having from 1 to 10 job segment.,

- STRAN(N,N) — The starting time for a transmission link being
used to transmit a job between host processors,

TBR — The time in units between interval reports, &

Lgres

TCOST — The otal per month cost for the basic computer
network configuration,

TERSV(L) — The per month terminal service cost for a trans-
mission link,

TFR — The time in units of the first interval report.

TLCOS — The total per month cost of all the transmission
links in the simulated network.

TPROC — The total per month hardware cost of all the host
processors in the simulated network,

TRANT(N,N) — The mean transmission time for each transmission
link. Expressed as a host processor tuple.

TSOFC — The total per month software cost of all the host
processors in the simulated network.

TTRAN(N,N) — The total time each transmission link is used.
Fxpressed as a host processor tuple,

TUPLA(N,N) — The host processor tuples available as transmission
links.

TUTIL(N,N) =— The utilization factor for a particular transmission },
link,

The next Permanent Attribute (WORK(N,ARYL4)) holds all the infor- ‘
mation concerning the utilization of the host processors, the trans-
mission links and workload characterized for the simulated computer

network,

WORK(N,1) — The identification number of a host processor. }4
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"(N,Z)

"(N,3)

"(N,4)
“(N,5)
"(N,6)
"(N,7)

w(N,9)

"(N,10)

"(N,11)
H(R,12)

"(N,13)

"N, 14)

"(N,15)

"(N,16)
"(N,17)
"(N,18)
"(N,19)
"(N,20)
"(N,21)

"(N,24)

The number of control points for a host processor,

The number of I/0 channel attached to a host
processor,

The total amount of main memory at a host processor.
The start time for Report REPORT 1.
The start time for Report REPCORT 2.

-

VACANT

VACANT

The number of jobs currently in memory or waiting
for memory.

The number of I/0 channels currently in use.
The total amourt of main memory currently in use.

The total number of job types that can be originated
at a host processor.

The number of jobs processed with a host processor
acting as the originating host processor.

The number of jobs processed with a host processor
acting as an additional host processor.

The maximum input queue length allowed,

The current input queue length.

The maximum attained input queue length.

The accumulated input queue length totals.

%he number of input queue length totals accumulated.

VACANT

VACANT
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"(N,25)

"(N,26)

"(N,27)

"(N,28)

"(N,29)

"(N,30)

"(N,39)
"(N,40)

"(N,lﬂ )

P(N,42)

"(Ny43)

"(N,49)
"(N,50)

"(N,59)
"(N,60)

"(N,69)

The number of job segments delayed due to unavailable
main memory.

The number of I/O requests delayed due to unavailable
I/0 channels.

The number of transmission requests delayed due to
unavailable transmission links.

The number of job segments delayed due to unavailable
control points,

VACANT

The number of I/0O requests made on I/0 channel one.

" " " " 1" " L " n " "

The number of I/0 requests made on I/0 channel ten.

The total host processor utilization since the beg-
inning of the report period times 100.

The total CPU execution time for all file requests
completed,

The total CPU idle time.

VACANT

VACANT

The total I/0 time for I/0 channel one.

The total I/0 time for I/0 channel ten,

The start I/0 time for I/0 channel one.

" " " " " " " "

The start I/0 time for I/0 channel ten.
207
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"(N,70)

"(N,71)

"(N,90)

"(N,91)

"(N,110)

"(N,111)

"(N,120)
"(N,121)

"(N,130)

TN 151

"(N,140)

"N, 141)

"(N,142)
"(N,143)

"

—— R s o~ e s e A

The host processor idle flag (0 = idle).

The total throughput time per job type one per
file request.

The total throughput time per job type nineteen per | g
file requeste. |

The total number of jobs completed per job type one.

The total number of jobs completed per job type nineteen.

The total throughput time per job priority one.

n " " " " " " 1"

The total throughput time per job priority ten.

The (otal CPU execution time per job priority one,

The total CPU execution time per job priority ten.

The total number of file requests completed per job
priority one,

The total number of file requests completed per job
priority ten.

The total number of transmission requests originated
by a host processor,

The current length of the output queue.

The total length of the output queue at the beginaing
of each file request.
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"(N,144) — The maximum length attained by an output queue.
"(N,145) — The total transmission delay time.

"(N,146) = The total number of transmission requests initiated
by a host processor,

"(N,147) = VACANT :

[
L4

"(N,201) — VACANT ‘

WRDSZ — The host processor's word size in bits,

Event Notice Entities and Attributes. There are eight Event

Notice Entities defined in the general computer network system sim-~
ulation. Each Event Notice Entity has from one to two Attributes.
One Attribute is common to each Event. This Attribute is the time
that the Event is next scheduled to occur. This Attribute is Sys- \
tem assigned and maintained. The Event Notice Entities and their ﬁ

Attributes are the following: i

BJOB — This Event initiates a new job.
MJOB(BJOB) — The identification number of a host processor. {

CPU — This Event assigns the I/0 channels to be used by
the job segment and the schedules run. 5,

JPNT7(CPU) — The pointer to the job characteristics associated .
with a job segment.

ENDT — This Event calls RELSL at the end of a transmission
request and determines if the transmission links
just made available are needed for other trans-
mission requests. §

*‘ JPNTA(ENDT) == The pointer to the job characteristics associated
1 with a job segment, i
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INTER -_
JPNT8(INTER)—
NEXT —_

JPNTY(NEXT) =

RPRT —_

RUN -_

MRUN(RUN) _

TAME -_

JPNT6(TAME) —

This Event compares the priorities of the job
segment presently being processed by the CPU and
the job segment which has just completed its I/0
request,

The pointer to the job characteristic associated
with a job segment,.

This Event determines the next job segment to be
processed following an I/0 request completion.

The pointer to the job characteristic associated
with a job segment.

This Event initiates snap-shot reports at intervals
as specified by the analyste.

This Event selects the highest priority file
request awaiting processing by a host processor
and determines the file request's characteristics,

The identification number of a host processore.

This Event starts the CPU for processing a job
segment.,

The pointer to the job characteristic associated
with a job segment.

Sets and Ranking Attributes, There are six Sets defined in the

general computer

Set is a Ranking

CHLQ(N) = The
The

CONC(N) — The
The

CPUQ(N) — The
The

MEMQ(N) = The
The

network system simulation. Associated with each

scheme and Attribute. The fets and their Ranking

schemes and Attributes are the following:

Set of all TCHLQ(N) Temporary Entities.
Sets are ranked on high job priority.

Set of all TCONC(N) Temporary Entities,
Sets are ranked on a first-in-~first-out basis.

Set of all TCPUQ(N) Temporary Entities,
Sets are ranked on high job prioritye.

Set of all TMEMQ(N) Temporary kntities.
Sets are ranked on high job priority.
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OUTQ(N) = The Set of all TOUTQ(N) Temporary Entities,
The Sets are ranked on a first-in-first-out basis.

QUEU(N) — The Set of all TQUEU(N) Temporary Entities,
The Sets are rarked on high job priority.

Local Routine Variables. There are a large number of local

variables defined in the general computer network system simulation.
In all cases they are defined by a comment prior to their use in a

particular routine., Therefore, they are not listed in this Appendix.
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APPENDIX C

USER'S MANUAL
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APPENDIX C

User's Manual

Introduction

both

time

Two.

runs

This Appendix provides all the information necessary for an
analyst to use the genetal computer network system simulation.
This section covers three areas, input deck structure, data deck
structure and specification, and computer resource requirements,
The specifics of control card usage reference the requirements of

Control Data Corporation's Version 3 of SIMSCRIPT I.5.

Input Deck Structure, The general wmputer network system

simulation can be run in either of two modes. The choice of mode
is dependent upon an analyst's desires and requirements. In the
first mode, the simulation is run as a single program. The input
deck structure for a Mode One run is shown in Figure C-1.

The second mode of execution allows an analyst to run the FORTRAN
IV network reliability/availability routines and the SIMSCRIPT I.5
routines as two separate programs. Thus, an analyst can investigate
the reliability, availability, and survivability aspects of a parti-
cular network topology without having to exercise the complete sim-
ulation. Conversely, an analyst can also investigate the other
aspects of a network configuration's performance (Chapter V) with-

out having to exercise the reliability/availability routines. In

cases considerable savings in memory space and CPU execution
requirements can be realized by running the simulation in Mode
The input deck structures for both types of Mode Two simulation

are shown in Pigure C-2 and Figure C~3 respectivelye.
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4 Fig C=1. Mode One Input Deck Structure
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Fig C=%, Mode Two Input Deck Structure
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Data Deck Structure and Specification, The data deck contains

all the information required to drive the general computer network

N s
e it

system simulation, The data deck is made up of the following eight 3

data items:

1. INIT Exogenous Event Tape,

oL sl

2. Simulation Specification Card,

%3, Host Processor Specification Deck, |2
4o Topology Specification Deck,

5. Reliability/Availability Data Deck,

6. Transmission Link Specification Deck, ; !4
7. START Exogenous Event Tape, and %
8., LEND Exogenous Event Tape.

The structure of the data deck is shown in Figure C-4. The speci- _L

fication of each data item is as follows,.

1« INIT Exogenous Event Tape,

Card Number Column(s) Format Definition

1 1-3 I3 Identification number of
Exogenous Event type; the
number on the Events List.

In this case "1,

L L=7 I4 The "day" the Exogenous Event
INIT is to occur.

4 8=10 I3 The"hour" of day the Exogenous
Event INIT is to occur.

L 11=12 12 The "minute" of the hour the
Exogenous Event INIT is to
oCccure.

2e Simulation Specification Carde.

Card Number Column(s) Format Definition
1 1=5 I5 The number of host processors

in the simulated network.
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/END Exog. Event Tape

O 0~ O

\

/&ransmission Link Deck

e
L

L
/R/A Deck
L=
-
i
ZTopology Deck
P
/
=

_ijost Processor Deck
/%imulation Spec. Card

[fﬁIT Exog. Event Tape
Blank Card

NOTE: In a Mode Two simulation run the
R/A Deck is removed and used
seperately.,

Fig C-4, Data Deck Structure
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2. Simulation Specification Card

(Cont)..

Card Number Column(s) Format
] 5-10 15
"t 11-15 15
" 16=25 I10
L 26-35 110

Definition
The number of host processors
in the simulated network.

The random number generator
root.Presently set to one.

The time in units at which
the first periodic perfor-
mance report will be made, i

The time in units between }
periodic performance reports. |

2. Host Processor Specification Deck. |

~Definition

Card Number Column(s) Format
1 1-5 5
" 6=10 I5
L 11=-15 E5
L 16-20 55
a8 21=25 5
2 1=5 LY
o 1=5 I5
Ly 6-10 ES
L 11-15 I
" v :[5
L 40=-45 15
L 45=50 15

A card like three is required for each job type characterized for

a host processor,

W‘. SRR, DK S N PSR

That is if there are N job types then there

259

The number of control points
at a host processor.

The number of I/0 channels
attached to a host processor.

The total amount of main mem-~
ory at a host processor.

The maximum input queue length
at a host processor,

The word size in bits at a
host processor.

The number of job types in-
put at a host processor.

The cumulative probability
of job type one occurring.

BLANK

The host processor location
of the first nonorigin file
request of the job type.

" " " tt

1 " " "

The host processor location
of the ninth nonorigin file
request of the job type.

ZERO
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3. Host Processor Specification Deck (Conts.).

must be N job type characterization cards. .
Card Number Column(s) Format Definition
2+N 1-10 D7.2 The mean job inter-arrival
time in units at a host pro-
Cessor.
£ 11-20 D7.2 The mean amount of main mem-

ory required by a job segment.

L 21-30 D7.2 The mean CPU execution time
in units between I/0 requests.

o 31-40 D7.2 The mean number of I/0
requests per job segment.

L 41-=50 D7.2 The mean time in units per
I/0 requeste.

L 51-60 D7.2 The per month hardware rental
and maintenance cost for a
host processor.,

G 61-70 D7 +2 The per month software rental
and maintenance cost for a
host processor.

2+N 1-10 A10 The nomenclature of a host
processor.

L 11-20 A10 The geograpnic location of
a host processor.

L+N 1-5 I5 The cumulative probability
of a job having a priority
of one,

" @ " " n " n "
" : " n " " n n
L 4,5-50 I5 The cumulative probability

of a job having a priority |
of ten., If the probability
is zero enter "O", {

5+N 1=5 15 The cumulative probability
of a file request having only
one job segment.,
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3« Host Processor Specifications Deck (Cont,).

Card Number Column(s) Format Definition
" . "
" : "
5+n 45 IS

The cumulative probability
of a file request having ten
job segments. If the prob-
ability is zero enter "O",

The preceding serics of cards must be repeated for each lLost pro-

cessor in the simulated computer network,

4o Topology Specification Decke.

The identification numbers
of the host processors on

Card Number Column(s) Format Definition
1 1-5 5
L 6-10 5

either end of the transmision
link number,

A card like card one is required for each transmission link in

the simulated computer network.

is, if there are L trans-

mission links then there must be L transmission link location

cards.

5. Reliability/Availability Data Deck.

The number of transmission
links in the simulated net-

The identification number of
the host processor from which
the transmission paths under
investigation originate.

The identification number of
the host processor to which
the transmission paths under
investigation terminate.

The Network Reliability/Avail-
ability Report page number,

Card Number Column(s) Format Definition
1 1=5 1%
worke.
L 6-10 15
Liv 11-15 o
5 16=20 Y
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5. Reliability/Availability Data Deck (Cont.)

Card Number Column(s) Format Definition

2 1-10 E10.4 The probability of successful
communication for transmission
link number one,

The probability of successful
communication link number ten.

The epslion used in testing
for reliability bound con-
vergence.,

The communications availability
probability of transmission
link one.

The communications availability
probability of transmission
link ten,

Transmission link number
one's identification number

(1).

The identification number of
the first transmission to
precede transmission link one,

The identification number of
the tenth transmission link

to precede transmission link
number one.

A card like card six is required for each transmission link in

the simulated computer network., That is, if there are L trans-

mission links then there must be 1. transmission link description

cards., If a transmission link eminates from the origin host
222
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5. Reliability/Availability Data Deck (Cont.)

processor then the absence of preceding transmission links is

signified by a -1 in columns 6-10.

{ Card Number Column(s) Format Definition
; 6+L 1-5 1) The maximum number of trans-

mission links allowed in the
simulated computer network. .
Presently set to 25. |

L 6-10 5 The identification number
of the first transmission
link to terminate at the
destination host processor. |

PEPRPINRAEN

" 45-50 5 The identification number of
the tenth transmission link

to terminate at the destina-
tion host processor.

e |

The preceding sequence of cards must be repeated for each host
processor pair in the simulated computer network, §

6. Transmission Link Specification Deck.

Card Number Column(s)  Formats Definition

1 1-5 D31 "00.0"

- gt 6-10 D31 The mean transmission time {
k| for the transmission link #
] between host processor one ’
and host processor two. If -
§ such a link does not exist l
set to "00.0%", N

b 45=50 D5l The mean transmission time
for the transmission link
between host processor one
and host processor ten. If
such a link does not exist
set to "00,0",

223
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6. Transmission Link Specification Deck (Cont.)e.

A card like card one is required for each host processor in the
simulated computer network, That is, if there are N host pro-
cessors then there must be N mean transmission time cards.

Card Number Column(s) Format Definition :

1+N 1-10 D7.2 The bandwidth in Kilobits/secs.
of transmission link oOne.

L 11-20 D7 e The cost per mile per month
of transmission link oOne,.

L) 21-30 D7.2 The per month terminal ser-
vice cost of transmission
link one.

L 31=40 D7 e The length in miles of trans-
mission link one.

A card like card 1+N is required for each transmission link in
the simulated computer network. That isgif there are L host pro-

cessors then there must be L transmission link description cards.

7. START Exogenous Event Tape.

Card Number Column(s) Format Definition
1 1-3 15, Identification number of
Exogenous Event type, in this
case "“2", i
" =7 14 The "day" the Exogenous i
Event START is to occur. w
L 8-10 55 The "hour" of day the iExo-
genous Event START is to occur,
\w 11-12 i2 The ®ninute" of the hour the
Exogenous bkvent START is to
oCcur s

8. ILEND Exogenous Event Tape.

Card Number Column(s) Format Definition
1 1=3% XS Identification number of Exo-
genous Event type, in this case ;
" 31! ® !
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8. END Exogenous Event Tape (Cont.).

! Card Number Column(s)  Format Definition

é 1 L =" T4 The ''day" the Exogenous Event
3 END is to occur.

: n &-10 1% The "hou®" of day the Exo-

genous Event END is to occur,

L 11-12 Iz The "minute" of the hour the
Exogenous Event END is to occur.

3 Resource Requirements

The general computer network system simulation is written in

g

CDC SIMSCRIPT I.5 Version 3 with the exception of Reliability/
Availability routines which are written in CDC FORTRAN IV Extended.
The simulation as presently written requires 130,000 octal

words of central memory to load and approximatcly 300,000 octal

A MR

words of central memory to execute when run in Mode One. In Mode

two the Reliability/Availability program requires 46,000 octal words
! of central memory to load and execute., The remainder of the sim-
ulation requires 61,000 octal words of central memory to load and
approximately 220,000 octal words of central memory to execute.
The difference between load and execution memory requirements, in
both modes, is the dynamic memory allocation scheme employed by
SIMSCRIPT I.5 in the creation and destruction of Temporary Entities.
The exact amount of central memory that will be required to execute
the simulation depends on the size and number of Temporary Entities
that will be generated by the System. An upper limit on central
memory to be used must be set through use of the RFL card. See
Figure C-2., The central processor time required by both Modes is

totally dependent on the characterization of the computer network

225
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and its environment and can vary over a wide range of values.

The amount of I/0 time required by the general computer
network system simulation is generally less than the Central Pro-
cessor, The primary factor in determining how much I/0 time might
be required is the time interval between periodic performance re-
ports., The smaller the time interval the greater the I/0 required |
to generate the performance reportse.

The only files used by the simulation are the default files

input and output.

226
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APPENDIX D
Simulation Experiments
This section contains the output reports for the five sim-

ulation experiments discussed in Chapter VII. These reports have
been abbreviated to include only the characterization and final out-
put reports for each e¢xperiment. This was done in order to conserve
space, It should also be noted that the output reports presented
are a typed copy of the original reports. This is due to the poor

legibility of the originals,
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OUTPUT REPORT

SIMULATION EXPERIMENT I
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CHARACTERISTICS REPORT

PROCESSOR NUMBER 1 PAGE
PROCESSOR CHARACTERISTICS:
PROCESSOR T"YPE - 3%60/40
PROCESSOR LOCATION - SITE A
PROCESSOR MAIN MEMORY - 256 KWORDS
NUMBER OF CONTROL POINTS - 17 NUMBER OF I/0 CHANNELS
MAXIMUM INPUT QUEUE LENGTH - 34 JOBS PROCESSOR WORD SIZE - 32

WORKLOAD CHARACTERISTICS:

JOB CUMULATIVE PROCESSOR FILES REQUESTED
TYPE PROBABILITY 1 2 5 4 5 6 i 8
1 100 1 0 0 0 0 0 0 0

MEAN JOB INTER-ARRIVAL TIMEL - 360,00 UNITS

MEAN CPU TIME BETWEEN I/0O REQUESTS - 1.90 UNITS
MEAN TIME PER I/O0 REQUESTS - 2.10 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 22,50 KWORDS
MEAN NUMBER OF I/0 REQUESTS PER JOB SEGMENT - 9.00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:
NUMBER
1 2 3 L 2 6 it 8

PRIORITY NUMBER 100 0] 0 0 0 0 0 0
NOe. OF SEGMENTS
PER FILE REQUEST 100 o) 0 0 0 0 0 0

O

o O

1

e 4
BITS

O
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CHARACTERISTICS REPORT
PROCESSOR NUMBER 2 PAGE @2

PROCESSOR CHARACTERISTICS:
PROCESSOR TYPE ~ %70/1695
PROCESSOR LOCATION - SITE B
PROCESSOR MAIN MEMORY - 512 KWORDS
NUMBER OF CONTROL POINTS - 21 NUMBER OF I/0 CHANNELS - 5
MAXIMUM INPUT QUEUE LENGTH - 42 JOBS PROCESSOR WORD SIZE - 32BITS

WORKI.OAD CHARACTERISTICS:

JOB CUMULATIVE : PROCESSOR FILES REQUIRED
TYPE PROBABILITY 1 2 3 4 9 6 7 8 9
21 100 2 0 0 0 0 0 0 0 & 0

MEAN JOB INTER-ARRIVAL TIME - 240,00 UNITS

MEAN CPU TIME BETWEEN I/O REQUESTS - 1.00 UNITS
MEAN TIME PER I/0 REQUESTS - 1,50 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 357.00 KWORDS
MEAN NUMBER OF I/O REQUESTS PER JOB SEGMENT - 15,00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:
NUMBER
1 2 4 4 > 6 7 8 9 10
PRIORITY NUMBER 10 20 30 40 50 60 70 80 90 100

NO., OF SEGMENTS
PER FILE REQUEST100 @ O 0 0 0 0 0 0 0

Bk

3




GCS/EE/77-3

CHARACTERISTICS REPORT

N

PROCESSOR NUMBER 3 PAGE 3
PROCESSOR CHARACTERISTICS:

PROCESSOR TYPE - 360/75

PROCESSOR LOCATION -~ SITE C

PROCESSOR MAIN MEMORY - 256 KWORDS

NUMBER OF CONTROL POINTS = 15 NUMBER OF I/0 CHANNELS - 4
MAXIMUM INPUT QUEUE LENGTH - 30 JOBS PROCESSOR WORD SIZE - 3%2BITS

WORKLOAD CHARACTERISTICS:

JOB CUMULATIVE PROCESSOR FILES REQUIRED
TYPE PROBABILITY 1 2 ) L 5 6 7 8 9
41 100 5 o) 0 0 0 0 0 0 0

MEAN JOB INTER=-ARRIVAL TIME - 480,00 UNITS

MEAN CPU TIME BETWEEN I/0 REQUESTS -~ 1,60 UNITS
MEAN TIME PER I/0 REQUESTS - 1.80 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 27,50 KWORDS
MEAN NUMBER OF I/0 REQUESTS PER JOB SEGMENT - 8,00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:

NUMBER
1 e 3 4 2 6 7 8 8 10
PRIOCRITY NUMBER 100 0 0 0 0 0 0 0 0 0

NO, OF SEGMENTS
PER FILE REQUEST 10 20 30 40 50 60 70 80 390 100
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CHARACTERISTICS REPORT
PROCESSOR NUMBER 4 PAGE L |

PROCESSOR CHARACTFRISTICS:

PROCESSOR TYPE - 3%60/40

PROCESSOR LOCATION - SITE D
PROCESSOR MAIN MEMORY - 165 KWORDS -
NUMBER OF CONTROL POINTS - 14 NUMBHER OF I/0O CHANNELS - 3%
MAXTMUM INPUT QUEUE LENGTH - 25 JOBS PROCESSOR WORD SIZE - 32BITS 4

SENSEN S~ S

WORKLOAD CHARACTERISTICS: ¥

JOB CUMULATIVE PROCESSOR FILES REQUIRED i
TYPR PROBABILITY 1 2 3 4 5 6 7 8 9 ]
61 100 k 0 0 0 0 0 0 0 0

MEAN JOB INTER-ARRIVAL TIME - 340,00 UNITS

MEAN CPU TIME BETWEEN I/0 REQUESTS - 2,10 UNITS
MEAN TIME PER I/0 REQUESTS - 2.40 UNITS

MEAN MEMORY REQUIRED PER JOB SLEGMENT - 17.50 KWORDS
MEAN NUMBER OF I/OREQUESTS PER JOB SEGMENT - 5,00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:

NUMBER
1 e 5 b 9 6 7i 8 9 10
PRIORITY NUMBER 100 0 0 0 0 0 0 0 0 0

NO., OF SEGMENTS
PER FILE REQUEST100 0 0 0 0 0 0 0 0 0
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CHARACTERISTICS REPORT

TRANSMISSION LINK CHARACTERISTICS:

' LIN” ~ BANDWIDTH LENGTH MILEAGE CHARGE
. NUMBER  (KBS) (MILES) ($/MILE/MO.)
1 56.00 1765 L4.54
2 40,00 14.00 I,25
% 24 .00 26425 4,07
L %6400 19,30 b i

MEAN TRANSMISSION
BETWEEN PROCESSOR

N/M 1 2
1 0.0 16.9
& 16.9 9.0
5 0.0 22.9
4 25.2 0.0

NOTE:

TIME PER LINK:
N AND PROCESSOR M:

O.
Ce
O.
6o

TIME IS IN UNITS.

TRANSMISSION FACILITIES

($/M0.)

500,00
L20.,00
440.00

PAGE

TERMINAL SERV. LINK COST

(§/MO.)

580413
D59 22,
526484
520.48




B s = reacine W i

- Sl i Ve Al o PRI # ™ = T, ; oifig) T -

GCS/EBR/77-5

MONTHLY BASIC NETWORK CONFIGURATION COSTS REPORT

PAGE 6
PROCESSOR HARDWARE SOFTWARE
NUMBER RENTAL AND MAINTENANCE RENTAL AND MAINTENANCE
COST($/MO.) COST($/MO.)
1 $ 14209,00 $ 580.00
2 $1940710.00 $ 1200,00
3 $ 70251.00 $ 714.00
L $ 12439.00 $ 580,00 |
TOTAL$2037609.00 TOTAL$ 3074.00 1§
LINK LINK COST
NUMBER ($/MO.) ,
1 $ 580,13 [ 4
2 ﬁ 559.22 3
5 $ 526.84
4 $ 520.84
TOTAL$2166.67

TOTAL MONTHLY COST OF BASIC NETWORK CONFIGURATION: $2042849.67
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PROCESSOR OUTPUT REPORT
PROCESSOR NUMBER 1 PAGE 27
REPORT TIMES:
START REPORT TIME - 5 UNITS ,
END OF REPORT TIME ~ 21599 UNITS F
PROCESSOR UTILIZATION STATISTICS: THE NUMBER OF JOB SEGMENTS 5
DELAYED DUE TO: iz
PROCESSOR UTILIZATION - 0,0332 UNAVAILABLE C/PS - O
CURRENT INPUT QUEUE LENGTH - O JOBS UNAVAILABLE MEMORY - 0O ¢
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS ~
MEAN INPUT QUEUE LENGTH - 0,00 JOBS i
JOB PRIORITY STATISTICS: :
PRIORITY NUMBER OF MEAN MEAN
OF JOB FILE REQUESTS THROUGHPUT CPU
PROCESSED TIME TIME
1 52 11978.96 1379
JOB TYPE STATISTICS:
JOB TYPE MEAN NUMBER
ID THROUGHPUT TIME oF
FER JOB JOBS
1 11978.96 52
NOTZ: TIME IS IN UNITS. 3
,\ l:
}
236 |4
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i

I/0 CHANNEL UTILIZATION STATISTICS 1

f REPORT E
fi i PROCESSOR NUMBER 1 PAGE 28

REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF §

NUMBER UTILIZATION I/0 REQUESTS |
1 0.047 L67
2 0.003% 31

3 0,000 0 |

A i 0.000 0 ‘
i 5 0.000 0

5

] THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
NAVAILABLE I/O CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O

T
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5 PROCESSOR OUTPUT REPORT ‘
i PROCESSOR NUMBER 2 PAGE 29
! REPORT TIMES:
START OF REPORT TIME - 5 UNITS
4 END OF REPORT TIME - 21599 UNITS
3 PROCESSOR UTILIZATION STATISTICS: THE NUMBER OF JOB SEGMENTS

DELAYED DUE TO:

UNAVAILABLE C/PS = O ;
UNAVAILABLE MEMORY ~ O {

PROCESSOR UTILIZATION - 0.0312
CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS

MEAN INPUT QUEUE LENGTH - 0,00 JOBS

JOB PRIORITY STATISTICS:

MEAN !

PRIORITY NUMBER OF MEAN
OF JOB FILE REQUESTS THROUGHPUT CPU
PROCESSE TIME TIME
1 7 14555645 5014
2 8 8415,37 8.00
3 9 10227.11 6.78
b 8 12684 .50 156,37
5 S 911101 5«00
6 6 8512.67 9.17
7 8 1211562 1575
8 14 10841 .29 5.00
Y 13 975531 8.00
10 I 4,096 .00 4ae75 %
JOB TYPE STATISTICS:
JOB TYPE MEAN NUMBER
ID THROUGHPUT TIME . OF
PER JOB JOBS
1 10289.92 86

NOTE: TIME IS IN UNITS.
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I/0 CHANNEL UTILIZATION STATISTICS

REPORT

PROCESSOR NUMBER 2 PAGE 50

REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPRT TIME - 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I1/0 REQUESTS

1 0.081 1154

2 0.004 56

5 0.000 0

N 0,000 0

> 0.000 (¢}

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/O CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O

239
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REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0.0798

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 0.00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESSED
1 39

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB
1 11157.89

NOTE: TIME IS IN UNITS.,

{ 2‘40

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 3 PAGE 51

THE NUMBER CF JOB SEGMENTS
DELAYED DUE TO:

UNAVAILABLE C/PS - O
UNAVAILABLE MEMORY -~ O

MEAN MEAN
THROUGHPUT CPU
TIME TIME
11137.85 b .21
NUMBER
OF
JOBS
39
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1/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER 3
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT
NUMBER UTILIZATION

1 0,127

2 0.007

3 0.000

L 0.000

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNFLS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O

PAGE He

NUMBER OF
I/0 REQUESTS

1526
82

0

0
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REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0,0151

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 0.00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESSED
1 29

JOB TYPE STATISTICS

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB
1 11756.82

NOTE: TIME IS IN UNITS.

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 4 PAGE 25

THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:

UNAVAILABLE C/PS - O
UNAVAILABLE MEMORY - O

MEAN MEAN
THROUGHPUT CPU

TIME TIME
11756.82 8436

NUMBER

oF
JOBS
39
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I/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER 4 PAGE 34
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION 1/0 REQUESTS
1 0.021 177
2 0,000 0
3 0.000 0

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/O CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O
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TRANSMISSION LINK STATISTICS REPORT

REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21599 UNITS

TUPLE REQUEST STATISTICS

FROM PROCESSOR N TO PROCESSOR M:

OO0 o

N/M 1 & 5 4 >
1 0 0 0 0 0
2 0 0 0 0 0
k. 0 0 0 0 0
L 0 0 0 0 0
TUPLE UTILIZATION STATISTICS
FROM PROCESSOR N TO PROCESSOR M:
N/M 1 2 5 L >
1 0,00 0,00 0,00 0,00
2 0.00 0,00 0.00
3 0.00 0.00
N 0.00
9
6
7
8
9
TRANSMISSION PROCESSING STATISTICS:
PROCESSOR TRANSMISSION MAXIMUM
NUMBER REQUESTS OUTPUT QUEUE
ORICINATED LENGTH
1 0 0
2 0] 0
9 0 0
4 0 0
NOTE: TIME IS IN UNITS.
2kl

7 8 9 10
0 0 0 0
0 0 0 0
0 6] 0 o)
0 0 0 0
7 8 9 10
0.00 0,00 0,00 0,00
0.00 0,00 0,00 0,00
0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00
0,00 0,00 0.00 0.00
0.00 0.00 0.00
0,00 0,00
0.00
MEAN MEAN
OUTPUT QUEUE TRANSMISSION
LENGTH DELAY TIME
0.00 0.00
0.00 0.00
0,00 0.00
0.00 0.00

PAGE 5
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—t+=t=t=t=tmtot=dmtmt=t=tot=tototot=t =ttt =t =+
THE COMPUTER NETWORK SIMULATION WAS TERMINATED
SUCCESSFULLY AT TIME 6,0000,.
4=ttt =t=t=t=tt=t=t=t=t=tot=t=t=tzt=tt =t =t =t

+ 0+
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OUTPUT REPORT

SIMULATION EXPERIMENT II
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CHARACTERISTICS REPORT
PROCESSOR NUMBER 1
PROCESSOR CHARACTERISTICS:
PROCESSOR TYPE - 360/40
PROCESSOR LOCATION - SITE A

PROCESSOR MAIN MEMORY - 256 KWORDS
NUMBER OF CONTROL POINTS - 17

PAGE

NUMBER OF I/O CHANNELS

=5

MAXIMUM INPUT QUEUE LENGTH - 34 JOBS PROCESSOR WORD SIZE - 32BITS

WORKL.OAD CHARACTERISTICS:

JOB CUMULATIVE
TYPE PROBABILITY 1 2 3 4 S 6
1 100 1 2 5] 4 1 0

MEAN JOB INTER-ARRIVAL TIME - 360.00 UNITS

MEAN CPU TIME BETWEEN I/0 REQUESTS - 1,90 UNITS
MEAN TIME PER I/0 REQUESTS ~ 2,10 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 22.50 KWORDS
MEAN NUMBER OF I/O REQUESTS PER JOB SEGMENT - 9,00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:

NUMBER
1 2 3 4 5 6 7

PRIORITY NUMBER 100 0 0 0 0 0] 0

NO., OF SEGMENTS
PER FILE REQUEST 100 0 0 0 0 0 0

7
0

PROCESSOR FILES REQUIRED

8
0

9
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CHARACTERISTICS REPORT
PROCESSOR NUMBER 2 PAGE 2 i
PROCESSOR CHARACTERISTICS:

PROCESSOR TYPE = 370/165

PROCESSOR LOCATION - SITE B
PROCESSOR MAIN MEMORY - 512 KWORDS ;
NUMBER OF CONTROL POINTS - 21 NUMBER OF I/O CHANNELS - 5 .
MAXIMUM INPUT QUEUE LENGTH - 42 JOBS PROCESSOR WORD SIZE - 32BITS

WORKLOAD CHARACTERISTICS: ';
JOB  CUMULATIVE PROCESSOR FILES REQUIRED 1
TYPZ PROBABILITY 1 2 5 4 5 6 7 8 S

21 100 2 0 0 0 0 0 0 0 0

MEAN JOB INTER-ARRIVAL TIME - 240,00 UNITS

MEAN CPU TIME BETWEEN I/0 REQUESTS - 1,00 UNITS
MEAN TIME PER I/0 REQUEST - 1,50 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT ~ 37.00 KWORDS
MEAN NUMBER OF I/0 REQUESTS PER JOB SEGMENT - 16.00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:
NUMBER
1 2 5, L 5 6 7 8
PRIORITY NUMBER 100 0 0 0 0 0 0 0 0 0

NO.Of SEGMENTS
PER FILE REQUEST 100 0 0 0 0 0 0 0 0 0

0
(&)
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CHARACTERIST

PROCESSOR NUMBER

PROCESSOR CHARACTERISTICS:
PROCESSOR TYPE - 360/75

PROCESSOR LOCATION -~ SITE C
PROCESSOR MAIN MEMORY - 256 KWORDS

NUMBER OF CONTROL POINTS - 15
MAXIMUM INPUT QUEUE LENGTH - 30 JOBS PROCESSOR WORD SIZE

WORKLOAD CHARACTERISTICS:

JOB CUMULATIVE
TYPE PROBABILITY 1

41 100 5

MEAN JOB INTER-ARRIVAL TIME - 480.00 UNITS
MEAN CPU TIME BETWEEN I/O REQU
MI'AN TIME PER I/0 REQUESTS - 1,80 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 27.50 KWORDS
MEAN NUMBER OF I/0 REQUESTS PER JOB SEGMENT - 8.00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:

1 2
PRIORITY NUMBER 100 0

NO. OF SEGMENTS
PER FILE REQUEST 100 0

CS REPORT

T5 - 1,60 UNITS

PAGE

N

NUMBER OF I/0 CHANNELS - 4

- %2BITS

PROCESSOR FILES REQUIRED

8 9
0 0
9 10
0 0
0 0
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CHARACTERISTICS REPORT
PROCESSOR NUMBER 4 PAGE I

PROCESSOR CHARACTERISTICS:

PROCESSOR TYPE = ,560/40

PROCESSOR LOCATION - SITE D

PROCESSOR MAIN MEMORY - 165 KWORDS

NUMBER OF CONTROL POINTS - 14 NUMBER OF I/O CHANNELS - 3%
MAXIMUM INPUT QUEUE LENGTH - 28 JOBS PROCESSOR WORD SIZE - 3%2BITS

WORKLOAD CHARACTERISTICS:

JOB CUMULATIVE PROCESSOR FILES REQUIRED
TYPE PROBABILITY 1 2 5 4 5 6 7 8 9
61 100 4 0 0 0 0 0 0 0

MEAN JOB INTER-ARRIVAL TIME - 540.00 UNITS

MEAN CPU TIME BETWEEN I/0 REQUESTS - 2.10 UNITS
MEAN TIME PER I/0 REQUESTS - 2.40 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 17.50 KWORDS
MEAN NUMBER OF I/0 REQUESTS PER JOB SEGMENT - 5.00

CUMULATIVE PROBABILITIES FOR JOBS FILE REQUESTS:

NUMBER
1 2 3 L 2 6 7

PRIORITY NUMBER 100 g 0 0 0 0 0 0 0 0

NO., OF SEGMENTS
PER FILE REQUEST 100 0 0 0 0 0 0 0 0 0

250
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CHARACTERISTICS REPORT

f TRANSMISSION FACILITIES PAGE 5

' TRANSMISSION LINK CHARACTERISTICS:

§ LINK BANDWIDTH LENGTH MILEAGE CHARGE TERMINAL SERV. LINK COST

3 NUMBER (KBS)  (MILES) ($/MILE/MO.) ($/M0.) (§/M0.)

d 1 56.00 17465 Lo Db £00.00 980415

k 2 40,00 14,00 Iy 25 480.00 539,22
3 24 .00 26.25 4.07 420.00 526 84
L 36400 19,30 hel? 440.00 520.48

MEAN TRANSMISSION TIME PER LINK:

A FROM PROCESSOR N TO PROCESSOR M:

4 N/M 1 2 3 b 5 6 7 8 9 10

i 1 0.0 14.9 0.0 23,2 0.0 0,0 0.0 0.0 0,0 0.0

| 2 14s9 0.0 20.9 0.0 0.0 0.0 0.0 0,0 0.0 0.0

] 3 0.0 20,9 0.0 348 0.0 0.0 0,0 0,0 0.0 0.0

¢ b 23.2 0.0 3.8 0.0 0.0 0.0 0,0 0.0 0.0 0.0

:

NOTE: TIME IS IN UNITS
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GCS/EE/77-3

MONTHLY BASIC NETWORK CONFIGURATION COSTS REPORT

PAGE 6
PROCESSOR HARDWARE SOFTWARE
NUMBER RENTAL AND MAINTENANCE RENTAL AND MAINTENANCE
COST ($/MO0,.) COST(%/M0.)
1 $ 14209,00 $ 580,00
2 $1940710,00 $1200.00
B $  70251,00 $ 714,00
4 §__12429.00 $_280.00
TOTAL $2037609.00 TOTAL $ 3074.00
LINK LINK COST
NUMBER ($/M0.)
1 % 580,13
2 $ 539,22
5 $ 526.84
4 $ 520,48

TOTAL $2166.67

TOTAL MONTHLY COST OF BASIC NETWORK CONFIGURATION: $2042849.67




GCS/EE/77-3

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 1 PAGE 27

REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS: THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:
PROCESSOR UTILIZATION - O JOBS UNAVAILABLE C/PS - O

CURRENT INPUT QUEUE LENGTH - O JOBS UNAVAILABLE MEMORY - O

MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 0,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF MEAN MEAN
OF JOB FILE REQUESTS THROUGHPUT CPU
PROCESSED TIME TIME
1 106 6004 85 19433
JOB STATISTICS:
JOB TYPE MEAN NUMBER
ID THROUGHPUT TIME OoF
PER JOB JOBS
1 11563438 52

NOTE: TIME IS IN UNJTS.
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Y 1/0 CHANNEL UTILIZATION STATISTICS
} REPORT
PROCESSOR NUMBER 1 PAGE 28

REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME =~ 21599 UNITS

i I/0 CHANNEL UTILIZATION STATISTICS:
1/0 CHANNEL PERCENT NUMBER OF g
NUMBER UTILIZATION 1/0 REQUESTS ‘
Al
1 0.089 948
: 2 0.005 46
| 3 0.001 10
I 0,000 0 ;
5 0,000 0

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O

P PSP

g
5
4

¥

="
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PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 2 PAGE 29

REPORT TIMES:
START REPORT TIME - 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION = 0.0601

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 0,00 JOBS

JOB PRIORITY STATISTICS:

THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:

UNAVAILABLE C/PS - O
UNAVAILABLE MEMORY -~ O

PRIORITY NUMBER OF MEAN MEAN
OF JOB FILE REQUESTS THROUGHPUT CPU
PROCESSED TIME TIME
1 1453 6585.70 9.07
JOB TYPE STATISTICS:
JOB TYPE MEAN NUMBER
ID THROUGHPUT TIME oF
PER JOB JOBS
1 1047771 91

NOTE: TIME IS IN UNITS.

T
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GCS/REE/77=3

I1/0 CHANNEL UTILIZATION STATISTICS
REPQORT
PROCESSOR NUMBER 2

REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21599 UNITS

I1/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT
NUMBER UTILIZATION

0.150
0,014
0.000
0,000
0.000

VW=

THE NUMBER @ I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:

UNAVAILABLE TUPLES - O

256

PAGE 30

NUMBER OF
I/0 REQUESTS

2105
213
0

0

0
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PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 3

REPORT TIMES:
START REPORT TIME - 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0,.,0295

CURRENT INPUT QUEUE.LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 0,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESS D
1 89

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB
1 9192,08
NOTE: TIME IS IN UNITS

PAGE 31

THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:

UNAVAILABLE C/PS - 0O ;}
UNAVAILABLE MEMORY - O

MEAN MEAN
THROUGHPUT CPU
TIME TIME
5847.70 7615
NUMBER
OF
JOBS

i
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| GCS/EE/77-3

I/0 CHANNEL UTILIZATION STATISTICS

REPORT
PROCESSOR NUMBER 3 PAGE 32
REPORT TIMES:

START OF REPORT TIME -~ 5 UNITS
END OF REPORT TIME - 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

1/0 CHANNEL PERCENT NUMBER OF I
NUMBER UTILIZATION I/0 REQUESTS [

1 0.045 563

2 0.001 7

3 0.000 0
A 0,000 0 I8

THE NUMBER OF I/O REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O
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GCS/EE/77=3

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 4 PAGE 353

s r——————

REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS: THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:
PROCESSOR UTILIZATION = 0,0339 UNAVAILABLE C/PS - O

CURRENT INPUT QUEUE LENGTH - O JOBS UNAVAILABLE MEMORY - O
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 0.00 JOBS

JOB PRIORITY STATISTICS:
PRTIORITY NUMBER OF MEAN MEAN
OF JOB FILE REQUESTS THROUGHPUT CPU
PROCESSED TIME TIME
1 87 4459,.,10 8.40
JOB TYPE STATISTICS:
JOB TYPL MEAN NUMBER
D THROUGHPUT TIME oF
PER JOB JOBS
i 1 10993,71 35 :
i j
? NOTE: TIME IS IN UNITS. !

by

T

T

i il
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GCS/EE/77-3

I1/0 CHANNEL UTILIZATION STATISTICS
REPORT

PROCESSOR NUMBER 4 PAGE 34
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME -~ 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF 5
NUMBER - UTILIZATION I/0 REQUESTS
1 0.048 433
2 0.000 6
b 0.000 0

THE NUMBER OF I/0O REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O

D A

i ¢

i

[ '
[

| " |

. "

S e
4
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TRANSMISSION LINK STATISTICS REPORT

REPORT TIMES:

START OF REPORT TIME - 5 UNI
END OF REPORT TIME - 21599 U

TUPLE REQUEST STATISTICS

FROM PROCESSOR N TO PROCESSO
N/M 1 2 Z 4

1 0 64 0 52

2 0 0 60 0

5 0 0 @ B

A 0 0 0 0

TS
NITS

R M:

un

[N ol oNe}

TUPLE UTILIZATION STATISTICS:

FROM PROCESSOR N TO PROCESSO
N/M 1 2 5 L

Wo~yanF W —

TRANSMISSION PROCESSING STAT

PROCESSOR TRANSMISSION
NUMBER REQUESTS
ORIGINATED
Ol
e
52
5

F W=

NOTE: TIME IS IN UNITS.

R M:

ISTICS:
MAXIMUM

LENGTH

-— ot o =t

261

QOO0 o

OUTPUT QUEUE

PAGE
7 8 9 10
g. . 0 -6 0
g o g 0
S - 0
¢ @ g 0
7 -8 9 .9
0.00 0,00 0.00 0.00
0.00 0.00 0.00 0,00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0,00 0.00 0.00
0.00 0.00 0,00 0.00
0.00 0.00 0.00
0.00 0,00
0.00
MEAN MEA
OUTPUT QUEUE TRANSMI
LENGTH DELAY
1.00 0.78
1.00 0015
1.00 Se48
1.00 1.50

35

N
SSION
TIME

-
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+ THE COMPUTER NETWORK SIMULATION WAS TERMINATED =

= SUCCESSFULLY AT TIME 6,0000. +
R e e R L et el e e e e b b =L T e Tl S e S St S
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GCS/EE/77-3
CHARACTERISTICS REPORT
PROCESSOR NUMBER 1 PAGE 1

PROCESSOR CHARACTERISTICS:

PROCESSOR TYPE - 360/40

PROCESSOR LOCATION ~ SITE A

PROCESSOR MAIN MEMORY - 256 KWORDS

NUMBER OF CONTROL POINTS - 17 NUMBER OF I/0O CHANNELS - 5
MAXIMUM INPUT QUEUE LENGTH - 34 JOBS PROCESSOR WORD SIZE - 32BITS

WORKLOAD CHARACTERISTICS:

JOB  CUMULATIVE PROCESSOR FILES REQUIRED

TYPE PROBARILITY 1 2 5 by 5 6 7 8 9
1 25 1 0 0 0 0 0 0 0 0
2 50 1 2 1 0 0 0 0 0 0
3 75 1 2 3 1 0 0 0 0 0
I 100 1 2 3 I 1 0 0 0 0

MEAN JOB INTER-ARRIVAL TIME - 360,00 UNITS

MEAN CPU TIME BETWEEN I/0 REQUESTS - 1,90 UNITS
MEAN TIME PER I/0 REQUESTS - 2.10 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 22.50 KWORDS
MEAN NUMBER OF I/0 REQUESTS PER JOB SEGMENT - 9.00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:

NUMBER
] 2 3 k 5 6 7 8 9 10

PRIORITY NUMBER 0 10 9 80 90 100 0] 0 0 0

AT A OO TN
NO. OF SEGMEN

PER FILE REQUEST 100 O O O ©O O 0 0 O 0
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GCS/EE/77=3

CHARACTERISTICS REPORT
PROCESSOR NUMBER 2 PAGE Z

PROCESSOR CHARACTERISTICS:

PROCESSOR TYPE - 370/165

PROCESSOR LOCATION - SITE B

PROCESSOR MAIN MEMORY ~ 512 KWORDS

NUMBER OF CONTROL POINTS ~ 21 NUMBER OF I/0O CHANNELS - §
MAXIMUM INPUT QUEUE LENGTH - 42 JOBS PROCESSOR WORD SIZE ~ 32BITS

WORKLOAD CHARACTERISTICS: .

JOB  CUMULATIVE PROCESSOR FILES REQUIRED
TYPE PROBABILITY 1 2 3 4 5 6 7 8 9

21 25 2 0 0 0 0 0 0 0 0

22 50 2 3 2 0 0 0 0 0 0

23 75 2 3 4 2 0 0 0 0 0 |
2L 100 2 % N 1 2 0 0 0 0

MEAN JOB INTER-ARRIVAL TIME =-240,00 UNITS

MEAN CPU TIME BETWEEN I/O REQUESTS - 1,00 UNITS
MEAN TIME PER I/0 REQUESTS - 1.50 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 37.00 KWORDS
MEAN NUMBER OF I/O0 REQUESTS PER JOB SEGMENT - 15,00

CUMULATIVE PRCBABILITIES FOR JOBS/FILE REQUESTS:

NUMBER
1 & 5 4 5 6 7 8 9 10

PRIORITY NUMBER 0 0 70 G0 95 100 0 0 0 0

NO. OF SEGMENTS
PEFR FILE REQUEST100 0 0 0 0 0] 0 0 0 0




GCS/EE/77-3

CHARACTERISTICS REPORT

PROCESSOR NUMBER 3 PAGE 3

e R e s b

PROCESSOR CHARACTERISTICS:

TR L o -

PROCESSOR TYPE -~ 360Q/75

PROCESSOR LOCATION - SITE C

PROCESSOR MAIN MEMORY - 256 KWORDS

NUMBER OF CONTROL POINTS - 15 NUMBER OF I/O CHANNELS - 4 ‘
MAXIMUM INPUT QUEUE LENGTH - 30 JOBS PROCESSOR WORD SIZE 32BITS 1

WORKLOAD CHARACTERISTICS:

K
JOB  CUMULATIVE PROCESSOR FILES REQUIRED ¥
TYPE PROBABILITY 1 2 3 4 5 6 7 8 9 .
41 25 Dy s I SRR SR SR SRR IR SR
42 50 2t 3 g BT m B e e
43 75 B ot b e e s s R i R ,
Ll 100 3 N 1 2 JRTE SR SR R t

MEAN JOB INTER-ARRIVAL TIME - 480,00 UNITS

MEAN CPU TIME BETWEEN I/0 REQUESTS- 1.60 UNITS

MEAN TIME PER I/0 REQUESTS ~ 1,80 UNITS

MEAN MEMORY REQUIRED PER JOB SEGMENT - 27.50 KWORDS
MEAN NUMBER OF I/O0 REQUESTS PER JOB SEGMENT ~ 8,00

CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS:

NUMBER
1 2 5 b 2 6 7 8

PRIORITY NUMBER 20 60 90 95 100 0 0 0 0 0

NO, OF SEGMENTS
PER FILE REQUEST 100 0 0 0 0 0 0 0 0 0

O
(@]




GCS/EE/77~3

CHARACTERISTICS REPORT

e s e i v bt

PROCESSOR NUMBER 4 PAGE N

PRI

PROCESSOR CHARACTERISTICS:

PROCESSOR TYPE - 360/40
PROCESSOR LOCATION - SITE D
PROCESSOR MAIN MEMORY - 165 KWORDS

NUMBER OF CONTROL POINTS - 14 NUMBER OF I/O CHANNELS - 3 |
MAXIMUM INPUT QUEUE LENGTH - 28 JOBS PROCESSOR WORD SIZE - 32BITS ]

WORKLOAD CHARACTERISTICS:

JOB  CUMULATIVE PROCESSOR FILES REQUIRED |
TYPE PROBABILITY g 2 3 4 5 6 7 8 9 ]
| 61 25 5. @ ‘g6 @& @© b6 @ 0 |
62 50 b1 4 0 0 0 0 0 0 1
{ 63 75 b 1 2 4 0 0 0 0 0
} 64 100 TR 2 3 L 0 0 0 0
3
: MEAN JOB INTER-ARRIVAL TIME -540.00 UNITS ]
‘ MEAN CPU TIME BETWEEN I/0O REQUESTS - 2.10 UNITS B
3 MEAN TIME PER I/0 REQUESTS - 2.40 UNITS r
1 MEAN MEMORY REQUIRED PER JOB SEGMENT - 17.50 KWORDS |
: MEAN NUMBER & I/0 REQUESTS PER JOB SEGMENT - 5.00
: CUMULATIVE PROBABILITIES FOR JOBS/FILE REQUESTS: f
NUMBER |
g S R e e B -oE T8 i\
A PRIORITY NUMBER 0 0 0O 85 90 95 100 0 0 0 |

NO. OF SEGMENTS
PER FILE REQUEST 100 0 0 0 0 0 0 0 0 0

- Spatey e

2 e

|
|
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CHARACTERISTICS REPORT

TRANSMISSION FACILITIES PAGE 5

TRANSMISSION LINK CHARACTERISTICS:

LINK BANDWIDTH LENGTH MILEAGE CHARGE TERMINAL SERV. LINK COST

T

NUMBER  (KBS) (MILES) ($/MILE/MO.) (%/M0.) (8/M).)
, 1 56,00  17.65 Lo Sk 500,00 580413
§ 2 40,00 14,00 L4o.23 480,00 539,22 i
| 3 24 .00 26.25 407 420,00 52684
L 36400 19,30 4o 440,00 520.48
MEAN TRANSMISSION TIME PER LINK: }
FROM PROCESSOR N TO PROCESSOR M:
'y
N/M 1 2 e N 5 6 Fe 18 9 10
] 1 0.0 16,9 0.0 25,2 0.0 0,0 0.0 0,0 0,0 0.0
‘ 2 16,9 0.0 22.9 0.0 @9 0.9 9.0 0.0 0,806 0.0 |
3 0.0 22.9 o.o 56.8 0.0 0.0 0.0 Ooo O.O 0.0 |
B 25,2 0.0 36.8 0,0 0,0 0.0 0.0 0.0 0,0 0.0
NOTE: TIME IS IN UNITS. :
4 i
|
\ i
'
i
|
a 14
| il
L
i
| é
1
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GCS/EE/77-3

MONTHLY BASIC NETWORK CONFIGURATION COSTS REPORT

PROCESSOR HARDWARZE
NUMBER RENTAL AND MAINT

COSTS($/MO,)

1 $ 14209.00
2 $1940710.00
3 $ 70251.00
& §__12439.00
TOTAL$2037609.00
LINK LINK COST
NUMBER ($/M0.)
1 $ 580.13
2 $ 539,22
3 $ 526.84
L $ 520.48

TOTAL$2166.67

PAGE 6

SOFTWARE
RENTAL AND MAINTENANCE
COST($/MO.) :

$ 580.00
$ 1200.00
& 714.00
§__580,00

- - ——

TOTALS 3074.00

TOTAL MONTHLY COST OF BASIC NETWORK CONFIGURATION: $2042849.67
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GCS/EE/77=~3

PROCESSOR OUTPUT REPORT
PROCESSOR NUMBER 1 PAGE 27
REPORT TIMES:

START REPORT TIME -~ 5 UNITS
END REPORT TIME - 21598 UNITS

\ PROCESSOR UTILIZATION STATISTICS: THE NUMBER OF JOB SEGMENTS j
' DELAYED DUE TO: :
PROCESSOR UTILIZATION - 1254 UNAVAILABLE C/PS - O 3
CURRENT INPUT QUEUE LENGTH - O JOBS  UNAVAILABLE MEMORY ~ O e
y MAXIMUM INPUT QUEUE LENGTH - 2 JOBS
' MZAN INPUT QUEUR LENGTH - 0,00 JOBS
| JOB PRIORITY STATISTICS:
PRIORITY NUMBER OF MEAN MEAN
OF JOB FILE REQUESTS THROUGHPUT CPU
PROCESSED TIME TIME
1 9 57,22 26,22
2 15 2978.60 19.53
3 5 %5 2700.91 16.31
4 e 4991,56 19,07
5 2 1760429 8.71
j 6 12 4685.92 9458

JOB TYPE STATISTICS:

. JOB TYPE MEAN NUMBER
i ID THROUGHPUT TIME oF
PER JOB JOBS
1 13882,07 14
2 12398,08 13
3 154575 1tz
L 11839.75 12

NOTE: TIME IS IN UNITS.




I/0 CHANNEL UTILIZATION STATISTICS

REPORT

PROCESSOR NUMBER

REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21598 UNITS
I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I/0 REQUESTS

122 1240

0.014 163

0,001 11

0,000 5

0.000 0
THE NUMBER OF I/0 REQUESTS DELAYED DUE

UNAVAILABLE I/O CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O
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GCS/EE/77-3

PROCESSOR OUTPUT REPORT
PROCESSOR NUMBER 2 PAGE 29
REPORT TIMES

START REPORT TIME - 5 UNITS
END REPORT TIME - 21598 UNITS

i PROCESSOR UTILIZATION STATISTICS: THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:
PROCESSOR UTILIZATION - 0.1390 UNAVAILABLE C/PS - Q ,
CURRENT INPUT QUEUE LENGTH - O JOBS UNAVAILABLE MEMORY ~ O [ 8

MAXIMUM INPUT QUEUE LENGTH - 2 JOBS i
MEAN INPUT QUEUE T,ENGTH - 1.00 JOBS

JOB PRIORITY STATISTICS:

et g

: PRIORITY NUMBER OF MEAN MEAN ]
_ OF JOB FILE REQUESTS THROUGHPUT CPU !
PROCESSED TIME TIME :
1 7 2434 .29 165657
2 10 80.10 10.80
3 111 5577 .88 12.86
4 85 4776480 1545
g 5 9 5886.78 5478
3 6 14 2092 14 10:.57

! JOB TYPE STATISTICS:

JOB TYPE MEAN NUMBER
ID THROUGHPUT TIME oF
PER JOB JOBS
1 13092446 28
2 11296.50 26
5 10983.91 23
b 8571487 23

NOTE: TIME IS IN UNITS.
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: 1/0 CHANNEL UTILIZATION STATISTICS H

REPORT

PROCESSOR NUMBER 2 PAGE 30
REPORT TIMES:

START OF REPORT TIME - 5 UNITS |
END OF REPORT TIME - 21598 UNITS {

I/0 CHANNEL UTILIZATION STATISTICS: }
1

1/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I/0 REQUESTS \
1 0.229 3291 4
2 0.038 530
3 0.008 12 ‘4
L 0.002 23% LA
5 0.000 1 E

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0O CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O !




GCS/EE/77-3

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 3 PAGE 1

REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21598 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0.0831

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 0,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESSED

20
4
61
45

4

nHF W -

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB

9999.00
1262845
12504 .75
11940,15

F W=

NOTE: TIME IS IN UNITS.

THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:

UNAVAILABLE C/PS - 0 B
UNAVATLABLE MEMORY - O I

MEAN MEAN
THROUGHPUT CPU
TIME TIME
5659.20 1510
6343435 12.35
1651.74 s 72
135.40 793
2175 7«50
¥
]
NUMBER
OF
JOBS
)
1M
I

V5
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GCS/EE/77-3

I/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER 3
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21598 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT
NUMBER UTILIZATION

0.101
0.011
0,001
0.000

W=

THE NUMBER OF I/O REQUESTS DELAYED DUE B:
UNAVAILABLE I/0 CHANNELS-0

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O

275

PAGE 52

NUMBER OF
I1/0 REQUESTS

1181
149
9

0

g 3
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GCS/EE/77-3

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 4 PAGE

REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21598 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0.0488

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH- 1 JOBS
MEAN INPUT QUEUE LENGTH - 1.00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESSED

”
16
31
%9
7
5
I

N o F NN -

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB

12400.69
12336489
15095.67
13701.78

N -

NOTE: TIME IS IN UNITS.

17 "-’, 6

THE NUMBER OF JOB SEGM
DELAYED DUE TO:

UNAVAILABLE C/PS - O
UNAVAILABLE MEMORY - O

MEAN
THROUGHPUT
TIME

L3.43
98.87
106.26
5519.08
2947 .80
104,80
8603.75

NUMBER
OF
JOBS
15

9

Q
7

ENTS

MEAN
CPU
TIME

Delt3
6.19
6.00
8.27
10.40
2.80
2.?5

o e

i
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GCS/BE/L77=3

I/0 CHANNEL UTILIZATION STATISTICS
REPORT

PROCESSOR NUMBER 4 ” PAGE 34

e R——.

REPORT TIMES

i START OF REPORT TIME - 5 UNITS ‘
) END OF REPORT TIME - 21598 UNITS

1/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF

NUMBER UTILIZATION I/0 REQUESTS
) 1 0.063 561
y 3 0.001 6

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
3 UNAVAILABLE TUPLES - O
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GCS/EE/77-3

TRANSMISSION LINK STATISTICS REPORT

PAGE 35 z
REPORT TIMES: E
START OF REPORT TTME - 5 UNITS E
END OF REPORT TIME -~ 21598 UNITS |
TUPLE REQUEST STATISTICS k
FROM PROCESSOR N AND PROCESSOR M: é
N/M 1 2 3 b 5 6 7 8 9 10 t
1 G 493 HEl 8 W BB e 0 ¥
2 g -8 186 .0 9 8. @ B 0 0 |
3 6 6 TR D Te e Bl 0
4 T G R R R 0
TUPLE UTILIZATION STATISTICS L
FROM PROCESSOR N AND PROCESSOR M: P
7 S RS St TUEES R R e, S PR R I3
! 0.27 0.00 0.30 0.00 0.00 0,00 0,00 0.00 0.00 ‘
2 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0,00
3 0.28 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 'ﬂ
8 0.00 0.00
9 0.00 '3
TRANSMISSION PROCESSING STATISTICS:
PROCESSOR TRANSMISSION MAX TMUM MEAN MEAN
NUMBER REQUESTS  OUTPUT QUEUE OUTPUT QUEUE TRANSMISSION
ORIGINATED LENGTH LENGTH DELAY TIME
1 101 3 1.08 Vbl
2 138 2 1.0% 8.56
5 134 L 1.10 17.99
I 110 Py .19 20.78
NOTE: TIME IS IN UNITS.
278
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=t=t=t=t=t=t=t=t=xtot=totototobodsdsob=rorb=+ 4=+
+ THE COMPUTER NETWORK SIMULATION WAS TERMINATED z

= SUCCESSFULLY AT TIME 6.0000, %
+ot=t=t=t=t=t=t=t=t=t=tot=totdmtmt=t=t b o=t =t




GCS/BE/77-3

NETWORK RELIABILITY/AVAILABILITY REPORT

SIMULATION EXPERIMENT III

280
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GCS/EE/77-3

NETWORK RELIABILITY/AVAILABILITY REPORT
NETWORK AS A WHOLE PAGE 7

PESSIMISTIC NETWORK RELIABILITY IS .98957E+00
MEAN NETWORK RELIABILITY IS .99172E+00
PESSIMISTIC NETWORK AVAILABILITY IS .83430E+00 i

MEAN NETWORK AVAILABILITY IS .83689E+00 F




GCS/EE/77-3%

OUTPUT REPORT

SIMULATION EXPERIMENT IV

—p————

282




GCS/EE/77-3

; CHARACTERISTICS REPORT
TRANSMISSION FACILITIES PAGE 5

TRANSMISSION LINK CHARACTERISTICS:
LINK BANDWIDTH LENGTH MILEAGE CHARGE TERMINAL SERV. LINK COST

NUMBER  (XKBS) (MILES) ($/MILE MO.) ($/M0.) ($/M0.)
2 40,00 14,00 4,23 480,00 539.22 11

MEAN TRANSMISSION TIME PER LINK:

FROM PROCESSOR N AND PROCESSOR M: 4

N/M 1 2 5 L 5 6 7 8 9 10
1 0.0 16.9 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
2 16,9 0.0 22,9 16,9 0.0 0.0 0.0 0.0 0.0 0.0
Z 0.0 22.9 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0,0 16,2 0,2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

N




GCS/EE/77-3

B i —

PROCESSOR HARDWARE
NUMBER RENTAL AND MAINTENANCE
COST(§/MO.)
1 $ 14209.00
2 $1940710.00
3 § 70251.00
I $ 12439.00
TOTAL$2037609 .00
| LINK LINK COST
| NUMBER (8/M0.)
g 1 $§ 580.13
2 § 539.22
3 $ 635.29

TOTAL$ 1754.64

TOTAL MONTHLY COST OF BASIC NETWORK

P -

; 284

MONTHLY BASIC NETWORK CONFIGURATION COSTS REPORT

PAGE 6

SOFTWARE
RENTAL AND MAINTENANCE

COST($/MO.)

$ 580.00

$ 1200.00

$ 714.00

$ 580.00

TOTAL$ 3074.00

CONFIGURATION: $2042437.64




GCS/EE/77-53

PROCESSOR OUTPUT REPORT

PROCESSOR
REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21598 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION ~ 0.1190

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 0,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS . T
PROCESSED

8
22
41
69
14

9

AANTF WV —

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB

11884.08

9124.90
11411.33
10668.50

Fwi-—

NOTE: TIME IS IN UNITS.

NUMBER 1

PAGE

27

THE NUMBER OF JOB SEGMENTS

DELAYED DUE TO:

UNAVAILABLE C/PS - O
UNAVAILABLE MEMORY - O

MEAN
HROUGHPUT
TIME

122,00
4058.45
2427 .39
370%.12
4320.21
655756

NUMBER
OF
JOBS

13
10

s
18

MEAN
CPU
TIME

3712
10.75
12.59
17.04
17.07
10.67

I 7T T S T S

S —




GCS/EE/77-3

I/0 CHANNEL UTILIZATION STATISTICS

REPORT
PROCESSOR NUMBER 1
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21598 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT
NUMBER UTILIZATION

0.119
0.011
0.001
0.000
0,000

nmFE W=

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED
UNAVAILABLE TUPLES-O

286

SVIPRREINT MRETROREN s

PAGE 28

Addii Rl i

5

NUMBER OF
1/0 REQUESTS

1285
14
6

0
0}

DUE TO:




GCS/EE/77-3

REPORT TIMES:

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 2 PAGE

START REPORT TIME - 5 UNITS
END REPORT TIME - 21598 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0.1198

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 1,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY
OF JOB

oW =

NUMBER OF
FILE REQUESTS
PROCESSED

8
11
113
66
12
3

JOB TYPE STATISTICS:

JOB TYPE
ID

FWN -

MEAN

THROUGHPUT TIME

PER JOB

10948.40
10537.32
11827.30

9791.58

NOTE: TIME IS IN UNITS.

287

THE NUMBER OF JOB SEGMENTS

DELAYED DUE TO:

UNAVAILABLE C/PS - O
UNAVAILABLE MEMORY -

MEAN
THROUGHPUT
TIME

2999.37

85.73
5546433
2678456
2669.67
2360,.75

NUMBER
OF
JOBS

15
25

19

29

0

MEAN
CPU
TIME

13.00
10.45




GCS/EE/77-3

I/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER 2 PAGE 30
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21598 UNITS

b .
I1/0 CHANNEL UTILIZATION STATISTICS:

I1/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION 1/0 REQUEST
1 0.200 2879
2 0.032 487
3 0.007 11
4 0.001 1
2 0,000 3

THE NUMBER OF I/O REQUESTS DELAYED DUE TO:
UNAVAILABLE I/O CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES ~ O

s - TR PG e %



GCS/EE/77-3

REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21598 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0.1091

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 2 JOBS
MEAN INPUT QUEUE LENGTH - 0,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESSED
1 31
2 Le
3 75
L Sk
5 13
JOB TYPE STATISTICS:
JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB
1 6216471
2 11827+5%
5 10421,.82
N 12898.77

NOTE: TIME IS IN UNITS.

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 3

51

THE NUMBER OF JOB SEGMENTS

DELAYED DUE TO:
UNAVAILABLE C/PS - O

UNAVAILABLE MEMORY - O

MEAN

THROUGHPUT

TIME

5036.61
5430.,71
1930.15

234.29
2538415

NUMBER
OF
JOBS

17
L
1
15

MEAN
CPU
TIME

19.03
12.48
10.53

8.38
15-23
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GCS/EE/77=3

I/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER 3 PAGE 52
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21598 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I/0 REQUESTS
1 0.13%3 1565
2 0.012 155
5 0,000 4
L 0.000 0

THE NUMBER OF I/O REQUESTS DELAYED DUE TO:
UNAVAILABLE I/O CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O
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GCS/EE/77-3

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 4 PAGE 55

REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21598 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0.0688

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 2 JOBS
MEAN INPUT QUEUE LENGTH - 0.00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESSED

15
17
41
79
12

5

5]

N OV WY -~

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB

14024 .43
12821.47
11607.90
15707412

W -

NOTE: TIME IS IN UNITS.

291
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THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:

UNAVAILABLE C/PS - O
UNAVAILABLE MEMORY - O

T -

MEAN MEAN U

THROUGHPUT CPU
TIME TIME {
105,06 9406
537713 10,22
3077.25 9.58 -
2852.20 5.00 1
12851.00 3433
-
NUMBER
OF
JOBS |
7
15 ¥
10 E
8 )




GCS/EE/77-3

I/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER & PAGE
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21598 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I/0 REQUESTS

1 0.075 708

2 0.006 i

3 0,000 2

THE NUMBER OF I/O REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O
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GCS/EE/77=3

TRANSMISSION LINK STATISTICS REPORT

REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21598 UNITS

TUPLE REQUEST STATISTICS
FROM PROCESSOR N AND PROCESSOR M:

N/M 1 2 3 L 5
1 0 228 0 0 0
2 0 0 284 264 0
3 0 0 0 0 0

TUPLE UTILIZATION STATISTICS
FROM PROCESSOR N AND PROCESSOR M:

N/M 1 2 3

0.29 0.
0

O o~ FWwWh =

4 2
00 0.00 O
39 0.41 O,
0.00 O

0]

TRANSMISSION PROCESSING STATISTICS:

PROCESSOR TRANSMISSION
NUMBER REQUESTS

Fwn -

NOTE:

ORIGINATED

14
136
142
132

TIME IS IN UNITS,

MAXIMUM

OUTPUT QUEUE OUTPUT QUEUE TRANSMISSION

LENGTH

A1 0ARVY\\V}

e3>

OO O o

QOO
QOO ™

MEAN

LENGTH

1.14
1.07
135
1e47

PAGE 55

QOO Vv

9 10
0.00 0.00
0.00 0.00
0.00 0.00
0,00 0,00
0,00 0.00
0,00 0.00
0.00 0.00
0.00 0.00

0.00

MEAN

DELAY TIME

20.68
1743
46.97
58.20

e vrg— e




GCS/EE/77-3

=t=4=t=t=t=t=t=t=t=tot=t=t=t=t=t=t=t=tt=t=t=t=+t=
THE COMPUTER NETWORK SIMULATION WAS TERMINATED +

teseres JUGCESSFULLY AT TIME 6.0000, . . . 3

P g

e o

294




GCS/EE/77-3%

NETWORK RELIABILITY/AVAILABILITY REPORT

SIMULATION EXPERIMENT IV




GCS/EE/77-3

NETWORK RELIABILITY/AVAILABILITY REPORT
NETWORK AS A WHOLE
PESSIMISTIC NETWORK RELIABILITY IS .86480E+00
MEAN NETWORK RELIABILITY IS .91173E+00
PESSIMISTIC NETWORK AVAILABILITY IS .83009E+00

MEAN NETWORK AVAILABILITY IS .88486E+00
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VAT D

Py

OUTPUT REPORT

SIMULATION EXPERIMENT V

S ——

4
3
i
1
{
y
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GCS/EE/77-3

TRANSMISSION LINK CHARACTERISTICS:

LINK BANDWIDTH LENGTH MILEAGE CHARGE TERMINAL SERV.

CHARACTERISTICS REPORT

TRANSMISSION FACILITIES

NUMBER (KBS) (MILES) ($/MILE MO.) ($/M0O,)

1 56.00 1765 4 54 500,00

2 40,00 14,00 4e23 480,00

3 24,00 26,25 4,07 420,00

I 36600 19,30 bel? 440,00

5 56,00 29,80 4454 500,00
MEAN TRANSMISSION TIME PER LINK:
FROM PROCESSOR N TO PROCESSOR M:

N/M 1 2 3 4 5 6 7 8

1 0.0 16,9 0.0 25.2 0.0 0,0 0.0 0.0

2 16.9 0.0 22.9 16,9 0.0 0.0 0.0 0.0

3 0,0 22,9 0~ 0 368 0.0 0,0 0,0 0.0

4 25,2 16.9 3. 3 0.0 0.0 0.0 0,0 0.0

NOTE: TIME IS IN. UNITS:

PAGE

LINK COST
($/M0.)

580,13
559 .22
526 .84
520.48
635.29

LAt SN oS e o ot

S —




GCS/EE/77-3

MONTHLY BASIC NETWORK CONFIGURATION COSTS REPORT

PAGE 6
PROCESSOR HARDWARE SOFTWARE
NUMBER RENTAL AND MAINTENANCE RENTAL AND MAINTENANCE
COST($/MO.) COST($/MO,)
1 $ 14209.00 $ 580,00
2 $1940710,00 $ 1200,00
3 $ 70251,00 $ 714,00
I $ 12439,00 $ 580.00
TOTAL$2037609,00 TOTAL$ 3074 .00
LINK LINK COST
NUMBER ($/MO.)
1 $ 580.13
2 $ 539.22
3 $ 526.84
I $ 520.48
5 $ 635,29

TOTAL$2801.96

TOTAL MONTHLY COST OF BASIC NETWORK CONFIGURATION: $#204348L4.96

299
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GC3/RE/77-3

PROCESSOR OUTPUT REPORT

PROCESSOR NUMBER 1 PAGE 27

REPORT TIMES:

START REPORT TIME 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0.1299

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGPH - 0.00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESSED

A
21
46
70
1
13

AV FWNN =

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB

9205.86
9234 .54
1015740
12769.23

FWwh -

NOTE: TIME IS IN UNITS.

300
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THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:

UNAVAILABLE C/PS - O
UNAVAILABLE MEMORY - O

MEAN MEAN
THROUGHPUT CPU
TIME TIME
122.2H 64 .00
344,10 15.86
317777 12,93
6111.91 23.00
5596.15 29 Sk
NUMBER
OF
JOBS
4
13
15
13
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GCS/EE/77=3

I/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER 1 PAGE 28
REPORT TIMES:

START OF REPORT TIME ~ 5 UNITS
END OF REPORT TIME - 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I/0 REQUESTS

1 0.129 1384

2 0.011 130

3 0.000 1

L 0.000 0}

2 0,000 (¢}

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O

301




GCS/EE/77=3

PROCESSOR OUTPUT REPORT i

PROCESSOR NUMBER 2 PAGE 29

REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION = 0.1529

CURRENT INPUT QUEUE LENGTH -~ O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 1,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
CF JOB FILE REQUESTS
PROCESSED
1 74
2 10
5 131
b4 o
2 17
6 15

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB

11466414
10744,.25
10152.61
10610.87

1
2
5
L

NOTE: TIME IS IN UNITS.

-

THE NUMBER OF JOBS SEGMENTS
DELAYED DUE TO:

UNSVAILABLE C/PS - O
UNAVAILABLE MEMORY - O

MEAN MEAN
THROUGHPUT CPU
TIME TIME
-7993%,86 11.00
27.40 0]
5821.66 1382
2747 .02 11.56
4369475 25.82
2L65.87 12.27
NUMBER
OoF
JOBS
28
2k
23
2l




GCS/EE/77-3

I/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER 2 PAGE 20
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME -~ 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I/0 REQUESTS

0.244L 3577
0.040 601
0,003 36
0.000 0
0,000 0

THE NUMBER @ I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O




GCS/EE/77-3

PROCESSOR OUTPUT REPORT
PROCESSOR NUMBER 3 PAGE 31
REPORT TIMES:

START REPORT TIME - 5 UNITS
END REPORT TIME - 21599 UNITS

| PROCESSOR UTILIZATION STATISTICS: THE NUMBER OF JOB SEGMENTS
| DELAYED DUE TO:
; PROCESSOR UTILIZATION - 0.1006 UNAVAILABLE C/PS - O :

CURRENT INPUT QUEUE LENGTH - O JOBS UNAVAILABLE MEMORY - O ;
MAXIMUM INPUT QURUL LENGTH - 2 JOBS :
MEAN INPUT QUEUE LENGTH - 1,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF MEAN MEAN |
OF JOB FILE REQUESTS THROUGHPUT CPU g
PROCESSED TIME TIME
1 10 6249.10 600
2 a5 4421 .09 16.253
3 83 2159.08 10.20
L4 35 748.80 11,69
5 10 1667.70 15,10

JOB TYPE STATISTICS:

JOB TYPE MEAN NUMBER
ID THROUGHPUT TIME OF
PER JOB JOBS
1 8371.00 g
& 9488,.27 11
3 1184314 7 ¢
l 11749 .46 15 |

NOTE: TTME IS IN UNITS.
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GCS/EE/77-3

I/0 CHANNEL UTILIZATION STATISTICS
REPORT
PROCESSOR NUMBER 3 PAGE 52
REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME -~ 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS:

I1/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I/0 REQUESTS

1 0.118 1429

2 0.012 52

3 0.002 27

L 0.000 0

THE NUMBER OF I/0 REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS -~ O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O
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GCS/EE/77-3

PROCESSOR OUTPUT REPORT

PROCESSOR
REPORT TIMES:

START REPORT TIME 5 UNITS
END REPORT TIME - 21599 UNITS

PROCESSOR UTILIZATION STATISTICS:

PROCESSOR UTILIZATION - 0.0578

CURRENT INPUT QUEUE LENGTH - O JOBS
MAXIMUM INPUT QUEUE LENGTH - 1 JOBS
MEAN INPUT QUEUE LENGTH - 1,00 JOBS

JOB PRIORITY STATISTICS:

PRIORITY NUMBER OF
OF JOB FILE REQUESTS
PROCESSED

2
18
L7
82

6

?

5

N O£ WW o~

JOB TYPE STATISTICS:

JOB TYPE MEAN
ID THROUGHPUT TIME
PER JOB

11827.64
11150.64
974k .56
10864457

Fwn -

NOTE: TIME IS IN UNITS.

306

NUMBER 4 PAGE

\N
N

THE NUMBER OF JOB SEGMENTS
DELAYED DUE TO:

UNAVAILABLE C/PS -~ O !
UNAVAILABLE MEMORY - O

MEAN MEAN
THROUGHPUT CPU
TIME TIME
64e33 1.55
50.36 6.57
4720.85 8.77
3543655 4450
2552443 20,29
8054 .67 533
NUMBER
oF
JOBS
1
14
¢]
7

T Lt a4 Y




GCS/EE/77=5%

I/0 CHANNEL UTILIZATION STATISTICS

REPORT

PROCESSOR NUMBER 4 PAGE 34

REPORT TIMES:

START OF REPORT TIME - 5 UNITS
END OF REPORT TIME - 21599 UNITS

I/0 CHANNEL UTILIZATION STATISTICS: i

I/0 CHANNEL PERCENT NUMBER OF
NUMBER UTILIZATION I/0 REQUESTS
1 0.069 608
2 0.004 L3 .

THE NUMBER OF I/O REQUESTS DELAYED DUE TO:
UNAVAILABLE I/0 CHANNELS - O

THE NUMBER OF TRANSMISSION REQUESTS DELAYED DUE TO:
UNAVAILABLE TUPLES - O
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GCS/EE/77-3

i
TRANSMISSION LINK STATISTICS REPORT |

PAGE 35 1
REPORT TIMES:
START OF REPORT TIME - S UNITS
END OF REPORT TIME - 21599 UNITS
TUPLE REQUEST STATISTICS
FROM PROCESSOR N TO PROCESSOR M: :
7 R et e T Do S O R AR
1 ol aatbe - S L S TR . S TR 0
2 G o el e L e 0 B e 0
3 g b o4z @ ©_ 08 0 B8 0
4 G B 6ie-te 9 D& 0 0 L
5 g 08 g oie ‘B g 0 0
TUPLE UTILIZATION STATISTICS
FROM PROCESSOR N TO PROCESSOR M:
N/M 1 2 3 L 5 o 7 8 9 10
1 0.14 0.00 0.15 0.00 0.00 0.00 0,00 0.00 0.00
a 0.21 0.13 0,00 0,00 0,00 0.00 0.00 0,00
3 0.23 0.00 0.00 0,00 0.00 0,00 0,00
I 0.00 0.00 0.00 0,00 0.00 0.00
5 0.00 0.00 0,00 0,00 0,00
6 0.00 0,00 0.00 0.00 l
7 0.00 0.00 0.00
8 0.00 0,00
9 0.00 ‘
TRANSMISSION PROCESSING STATISTICS: \
PROCESSOR TRANSMISSION MAXIMUM MEAN MEAN
NUMBER REQUESTS  OUTPUT QUEUE OUTPUT QUEUE TRANSMISSION
ORIGINATED LENGTH LENGTH DELAY TIME
1 13 3 1.03 1.58
2 145 2 1.02 1472 y
3 142 2 1.01 2.46
NOTE: TIME IS IN UNITS.
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NETWORK AS A WHOLE PAGE 13 i

PESSIMISTIC NETWORK RELIABILITY IS «99133E+00

MEAN NETWORK RELIABILITY IS «99612E+00

P ———

PESSIMISTIC NETWORK AVAILABILITY IS .81339E+00
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MEAN NETWORK AVAILABILITY IS .84327E+00 P
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