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ANTACCS MIDWAY REPORT

SUMMARY

This is a report of the technology, methodology,
and integration aspects of the ANTACCS study project
sponsored by the 0ffice of Naval Research, in conjunction
with various Naval organizations including BuShips,
BuWeps, Chief of Naval Operations, and Commandant Marine
Corps. 1t is the preliminary report of work performed by
Informatics Inc. under Contract Nonr-4388(00). It is a
Midway Report representing that portion of the work
accomplished during the first half of the 12 month

project.

The project members of Informatics Inc. are in-

debted to Mr. R. Tuttle, the ONR Scientific Officer who

is guiding this effort. They are also indebted to the
Study Monitor Group, a group consisting of knowledgable
and experienced persons from BuShips, BuWeps, Chief of
Naval Operations, NAVCOSSACT and Marine Corps Headquarters
for their advice in this effort. The knowledge of the
Scientific Officer and the Study Monitor Group in Naval
requirements and environment as well as their experience
with present Naval efforts has been of valuable assistance

in the assurance of a more useful product.

The technical staff of Informatics has been
supplemented in certain technical areas by subcontracting
efforts of Hobbs Associates. Hobbs Associates has
provided many of the sections on hardware techniques,
especially those in the circuits and packaging areas.
Hobbs Associates has also contributed in the area of

memories and display devices.



The purpose of this project is to develop and
present information concerning technology, methodology
and integration which will be of assistance to planners
in the design and implementation of command control
systems. The project scope and emphasis is restricted
to the application of its techniques and data to the
solution of problems concerning the Advanced Naval
Tactical Command Control System. This system is identi-
fied by an SOR as being visualized for the 1970-1980
time period, and for which a TDP is to be developed in

1966.

The three areas of the project are: Technology,
Methodology, and Integration. Technology deals with
scientific and technical material of potential use to
Naval command control systems. This material includes
both hardware and software subjects. Methodology is
concerned with technical and managerial techniques used
in the planning and implementation of Naval systems.
Integration covers the unification of technology,
methodology, and requirements into candidate approaches

to the design of Naval systems and their parts.

This Midway Report represents work in progress.
An attempt has been made to organize the report in
such a way that all areas are included, at least structurally,
as they will appear in the final report. Since this is a
preliminary report, many sections are incomplete. [n many
cases only a foundation of information for the technical
area has been collected and organized. Still to be accom-
plished in most of the areas is the translation of that
basic information to opinions and conclusions concerning the
usefulness or future application of this particular information.
For instance, in the display area the techniques have been

identified, classified and analyzed. Remaining is a discussion



vii

of the relative merits of the various approaches,
especially related to operational requirements in
ANTACCS.

It is the express desire of the Informatics
project personnel that this report be examined with a
critical eye by the Scientific Officer, the Study Monitor
Group and others who may also be qualified to criticize
it, It is hoped that the critical viewpoint is taken
within the framework of the fact that this is a pre-
liminary report representing work in progress. The
major useful contribution of the contract effort will
be developed and reported during the last half of the
project effort. We believe that sufficient information
is presented in this present report to indicate the
gengral direction in which the project is proceeding.
It should provide the basis to allow the ONR Scientific
Officer and the Study Monitor Group to redirect the

efforts as appropriate.



1. _INTRODUCTION

1.1 GENERAL

Perhaps the fastest growing technology within the military at the
present time is that of command and control systems for strategic and
tactical uses. This technology deals with the application of modern
electronic computer techniques to modern military operational requirements.
The subject matter of this report is techniques for design and implementa-
tion of tactical command and control systems. Although the work deals
principally with the techniques, equipments, technology and methodology
involved in the implementation of Advanced Naval Tactical Command and
Control Systems (ANTACCS) for the 1970-1980 time period; the information is

of interest in other military command and control systems.

The technology stemming from and involved with the modern stored
program electronic computer is only 14 or 15 years old. It has not
benefited from the many years of experience and discipline of such impor-
tant Naval technologies as naval architecture or armament design. The
technology is very new and rapidly growing; methodology in the sense of
unified, universally-used techniques is virtually nonexistent. The object
of the ANTACCS study project is to provide information on information
processing technology and information systemsdesign methodology to serve as a
resource document for the use of planners of future Naval tactical data

systems.

Military command and control systems provide a greater challenge to
electronic data processing than any other application. Some of the
characteristics of command and control systems which account for this

challenge are:

1) Considerable emphasis on man/machine interactions and
requirements; the command and control system is, in
the final analysis, designed to facilitate the decision

processes of the commander and his staff.
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2) The computer is imbedded in an on-line or real-time
environment involving a large amount of instrumentation

and peripheral equipment with which it must interact.

3) In most command and control applications there are large-scale
file management tasks involving the receipt, collation, and

retrieval of facts.

4) Most command and control system are very large information
handling systems involving a multiplicity of input and output
information channels. These systems are further complicated
by the requirement to interact logically with many command

levels and with much remote instrumentation.

5) There are especially challenging operational and environ=
mental problems; reliability requirements are exceedingly
high, and physical and logical environmental constraints

are very often especially restricting.

Together these create a special challenge for the designer, from the

component level to the system integration ievel.

Naval tactical command and control systems supply even greater
challenges than command and control systems in general. There are
additional physical factors which become important; space limitations
and the movement of a ship or vehicle are simple examples. There are
additional logical and operational factors: missions change for a
given vehicle or platform, the entities with which the system communicates
may change depending on the mission or operation, and there are extra-
ordinary problems of logistics in installing, maintaining and operating

equipment on a fighting ship.

To assure a meaningful product and remain responsive to the requirements
of ANTACCS, the project will illustrate the techniques developed by applying
them to the requirements developed and discussed by Booz Allen Applied

Research, Inc. in a companion report. Accordingly, this volume discusses
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technical material useful to system designers in defining, designing,
and implementing systems such as ANTACCS. This is done from the
standpoint of the electronic equipments involved, and with special
regard for the people who will use them. It deals with the technology
of future command and control systems, that is, the hardware and
software techniques available for or necessary to system implementation.
It also deals with the methodology of system impiementation, that is,
the techniques of system engineering management and the application

of these techniques to satisfy requirements and to thereby produce

an operational system. Although this work is related to the require-
ments which have been developed in a companion project by Booz Allen
Applied Research, Inc., to a very great extent, it can stand on its own

as a document for future use of planners of Naval command and control

systems.

The scope of the present work is of extraordinary magnitude. The
subject matter of technology ranges from integrated circuitry of a
computer to computer systems organization. Methodology subjects range
from simulation languages to techniques for planning and implementing

ANTACCS.



1.2 STUDY OBJECTIVES AND APPROACH

There are three aspects of the study treated in this report:
Technology, Methodology and Integration. Technology deals with the
techniques and embodiments - both hardware and software--for implementing
data processing functions. Methodology deals with the techniques for
the design, evaluation, and synthesis of equipments of all levels within

the system as well as the management techniques for accomplishment of an

operational system.

The principal objective of the integration subtask is to illustrate
technology and methodology by developing certain approaches to the design
of various portions of ANTACCS, as prescribed by the requirements developed
by BAARINC. It is visualized that this subtask will analyze and evaluate
synthesized system components at various levels, thus illustrating how the
various aspects of technology and methodology are unified and integrated

into usable concepts.
The objectives of the ANTACCS project are visualized to the the following:

1) To identify, analyze and evaluate hardware and software
techniques of potential use in ANTACCS.

2) To develop resource information and to provide reference
documentation representing information of use to future
Naval command and control system planners.

3) To supply a unifying force to integrate the concepts
developed or available in technology and methodology.

4) To develop approaches to a number of candidate systems
which illustrate, in a practical way, techniques of

technology and methodology in ANTACCS.

The information developed in this project can be used in a number of
ways:
1) As reference documentation.
2) To identify research and development needs for future system
implementation.
3) As a-specific guide to planners of future systems.



1.3 REPORT ORGANIZATION

The principal organization of this report is a division of the
presentation into the three main efforts: technology, metho@ology
and integration. Section 2 covers technology. The following items
are covered: displays, input/output devices, memories, components
and packaging, packaging techniques, advanced usage techniques and

machine system organization.

In each portion of the technology there is first a classification
of the techniques. Next, the sources of information are discussed
and presented. This refers to the people, companies, and the
literature from which information was obtained. The characteristics
appropriate for ANTACCS are discussed, the application of the
technology in the Naval environment is further presented, as well
as a review of the current status of the equipments and techniques.
Following this, the availability of technology in the 1975 era, the
limitations of the present and planned technology and the recommended
developments for the future are presented. Each portion is concluded
with a discussion of evaluation criteria, conclusions and recommendations.
Although the specific sections may deviate from this order in certain
instances, in general in each section there is an attempt to cover

all of these points.

Section 3 deals with methodology. For the purposes of project
organization, methodology has been split into three major areas:
general methodology, implementation procedures, and specific method-

ology. General methodology deals with:

1) Tools and techniques which the system designer has at
his disposal.

2) A methodology generally or universally applicable and not
necessarily restricted to systems of a special purpose
nature or a special class.

3) A methodology which is generally available, exists as a

tool, and can be readily applied.
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Implementation procedure deals with the understanding of tasks - both
technical and managerial ~ which must be accomplished in the implementa-
tion of modern command and control systems. Specific methodology
relates to the special requirements of selected equipment configurations

and design problems which might arise in ANTACCS.

In general, the elements discussed above under technology with
regard to classification, sources, requirements, status, limitations,
evaluations, developments, conclusions and recommendations are
covered in each methodology section. Under general methodology
simulation languages and techniques of simulation are covered in
some detail. Under implementation procedures, system design, implementa-
tion and evolutionary aspects of systems have been described. In

specific methodology some quantitative design tools are presented.

In the section on integration the scope and objectives of
integration are first discussed. Following this there is a comparison
of implications of alternate system operating concepts. This concerns
the various operational philosophies which the Navy might adopt relating
to the structure and organization of the various tasks to be performed
and involving such aspects as platforms, missions and command structures.
Following this there is a discussion of the synthesis and evaluation
of a system node. This illustrates how the information developed under
requirements with regard to system technical functions can be trans-
lated into data processing functions. A matrix technique is described
which relates platforms together with their missions and command

levels, to operational tasks and data processing tasks.

Included in each section is an extensive bibliography. Generally,
in the text reference is made at appropriate points to items in the
bibliography. Also, at the close there is a general bibliography for

the entire project effort.



(In the future final report there will be certain additions and
modifications to the organization described above. For instance,
in the final report there will be an extensive list of opinions,
conclusions and recommendations for the entire project effort and
for the various tasks. There will also be a cross reference index
to assist the reader in finding his way through the technical
information. Another item to be added in the final version is an

extensive glossary of terms.)



2. TECHNOLOGY

2.1 GENERAL AND INTRODUCTORY

The purpose of this study of present and advanced technology is
to identify, analyze, evaluate and document those areas of technology
which will have significant impact on future Navy tactical data
systems. This study will probably not uncover any new areas of
technology or disclose any new areas of application to the experienced
system designer. It will, however, provide analyses which will place
the new technologies in proper perspective and provide criteria and

examples to aid in evaluating and selecting future equipment.

As the first phase of this study is necessarily devoted to the
collection of information and the anmalysis of that information, rather
than its evaluation and documentation, it follows that little completed

work is available to include in this report.

It is, therefore, intended that this section should indicate those
areas in which progress has been made and show the type of work being

done, rather than present some small sample of the finished product.
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2.2 DISPLAY TECHNOLOGY

2.2.1 Classification of Display Types

Display types can be classified in a number of different ways
that are not mutually exclusive. Associated groupings of display
technology will vary with the method of classification. Among the

ways in which displays can be classified are:

1)  Functional Console

Large-Screen

2) Nature of Data to Status Displays
be presented Real-time or Dynamic Displays
3) Type of Data Alphanumeric
Symbols
Graphical

L) Type of Mechanization Cathode ray tube
Electroluminescent
Character lights
Photographic Projection
Light-valve
Mechanical Inscriber
Photochromic
Ferro-electric
Opto-Magnetic
Laser-luminescent
in this report, displays will be classified by the type of mechani-
zation. In the discussion of each type of display that has been investigated
to date, the functional use and the nature and type of data to which it
is adaptable will be considered. Any factors that make a particular
type of display unsuitable for a certain function or for certain kinds
of data will also be noted. For example, the fact that a cathode ray
tube is not suitable for a large-screen display, or the fact that a
photographic projection type, large-screen, display cannot present
real-time dynamic information, will be discussed as limitations of

these techniques that make them unsuitable for certain functional uses

and for certain types of data.



2.2.2

2.2.2.1

Sources of Information

People and Organizations

2-3

The following lists the companies and governmental agencies with

whom displays have been discussed during this study, and the type of

displays discussed with each.

D)

L)

5)

6)

7)

8)

Bunker-Ramo Corporation
Canoga Park, California

General Dynamics/Electronics
San Diego, California

General Telephone Laboratories
Bayside, Long Island, N. Y.

RCA Laboratories
Princeton, New Jersey

Laboratory for Electronics
Boston, Mass.

NCR
El Segundo, California

Sylvania
Waltham, Mass.

Stanford Research Institute
Menlo Park, California

Light-valve displays

Continuous-strip photographic
projection displays

CRT displays
Charactron CRT displays
Light-valve displays

Continuous-sheet electroluminescent
displays with XY matrix addressing
Acoustic/electroluminescent
displays

Ferroelectric displays

Magnetic thin-film displays

Electro-mechanical photochromic
displays

CRT-Photochromic projection
displays

Discrete alphanumeric character

displays

Continuocus-sheet electro-
luminescent displays with XY
matrix selection

Magnetic thin-film displays
Modulated crystal filter
displays



9) Rome Air Development Center Light-valve displays
Rome, New York Modulated crystal interference-

filter displays

Thermo-plastic displays

Laser displays

10) USAER&DL Photochromic displays
Fort Monmouth, New Jersey Laser-luminescent displays

Fiber-optic CRT displays

Photographic projection displays

Display memories

11) U.S. Navy Bureau of Ships Photographic projection displays
Washington, D.C. CRT displays

Much of the information presented in subsequent portions of this
section are based on discussions with display experts in the organizations
listed above. Their descriptions of specific display techniques and
their opinions of the advantages, disadvantages, and limitations of
display techniques weré relied upon heavily in the preparation of this

report.
2.2.2.2 Literature

An extensive list of references pertinent to the study of display
technology are given in the Bibliography. To date, only a few of these
have been studied in detail. Some of the material in this section has
been extracted from these references. The more important and pertinent
of these references will be studied in detai1 during the remainder of
this study and new references will be added to the Bibliography to
reflect material published or discovered subsequent to the preparation

of this report.

2.2.3 Display Characteristics for ANTACCS

The display characteristics required for ANTACCS cannot be fully
identified at this time since the results of the requirements analysis
have not been available. However, it is anticipated that both console
and large-screen displays will be required; that alphanumeric, graphical,
and dynamic real-time data must be presented; and that multi-color

displays (particularly for large-screen applications) will be required.



2-5

It is further believed that electro-mechanical display systems and

photographic projection systems will not be acceptable for a 1970 system.

The analysis of display technology and the information presented
in the final report will permit the selection of display technologies
with the appropriate characteristics for any functional use in an
NTDS or MTDS system. This analysis will include all the more important
and feasible types of displays that might be applicable to such systems
in 1970.

2.2.4 Applications of Displays in the Naval Environment

It is anticipated that applications of displays for shipboard and
ground-based military environments in the 1970 era will include console
and large-screen presentation of both status information and real-time
dynamic information such as target track data. The applicability of
specific types of displays to different applications will be considered

in further detail in the remainder of this study.

2.2.5 Current Status Review

The investigationvof new display technology has not progressed as
far at this point in the study as that of some other areas, such as,
for example, memory technology. The information collected to date is
summarized here, but comparisons and evaluations of different types
of displays are not yet available. Detailed comparisons of specific
existing display devices were presented and discussed in the initial
proposal for this study. Although these are available, they are not
included in this report since they are representative of past technology
rather than that to be anticipated for the 1970 era. Since a number of
satisfactory techniques for console type displays are now available,
there will be no problem with respect to the availability of console
type displays for a 1970 system. Existing cathode ray tube technology
and anticipated improvements in this technology should meet all re-
quirements for small-screen console ty??zgisplays, even if none of the

new technologies prove to be superior. However, with respect to

“ References are listed at the end of each subsection.
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large-screen displays the situation is much less favorable. In an RADC
Technical Documentary Report3 published in 1962, the state-of-the-art
and development efforts for large screen displays were described as

follows:

""Display developments are being undertaken in three major
technological areas. These areas may be differentiated in
terms of the basic processes being applied and on the basis
of development time required to provide fully operational
subsystems.

The first of these processes is based on projection and employs
a stable light modulator, such as film or selenium plate, to
provide the display. Operational subsystems of this sort are
considered to be achievable within months.

The second process, the light valve, in theory should provide
adequate performance for systems applications, and it has the

dual advantages of operation at electronic speeds and of the
elimination of expensive film. However, the performance potentials
have not been realized in practice, and major technological
improvements must be made before the light valve can be useful

for most systems applications. The presently availablie models
exhibit major weaknesses in their capability to provide high
resolution and brightness.

This low brightness makes it impossible to use the light valve
in the high-ambient 1ighting conditions of most of the systems.
The interactions of the oil film and the lens systems are such
that it is not possible to increase the display brightness
level without major improvements in the characteristics of the
modulation surface. Improvement, very likely, is contingent

on the development of suitable thermoplastic materials. Light
valve techniques show considerable promise, and with suitable
development may eventually supersede film systems. However,

it should be clearly recognized that full realization of the
light valve's potential may require years of additional research.

The third process, electroiuminescence, does not require projection
since the display surface itself acts both as light source and
modulator. Only small laboratory devices for demonstration and
experimentation are available at the present time. Electroluminescence
is appealing in its apparent simplicity, its capability to eliminate
projection, and its characteristic of non-catastrophic failure.

In addition, there is a potential for full color operation at

high brightness levels, and the large surface reduces the problems
of obtaining high resolution. Unfortunately, there is an impressive
number of technical obstacles that must be overcome before electro-
luminescent devices can meet the requirements of the systems. The
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most immediate problem is that of modulating the display surface,
and a number of promising efforts are underway in this area at
the present time. This effort is concurrent with others that

are aimed at the development and application of new phosphors

to obtain high brightness levels and multiple colors. However,
even allowing for impressive technological improvements, years
will be required to advance the capability of electroluminescent
displays to the point where they can serve as dynamic large scale
displays for system applications.

Desirable as these advanced displays are, most immediate require-

ments of Command and Control Systems can only be met by projection

techniques using film or xerographic techniques for light modu-

lation."

Unfortunately, developments during the past two years have not
significantly altered the views quoted above, except that improved

technologies are of course somewhat closer to realization now than they

were in 1962.

Photographic projection techniques are still the only feasible
means of meeting operational requirements for large-screen displays in
Command and Control Systems. Significant progress has been made in
light-valve type displéys during the last two years, but the reliability
and life of these devices does not permit their use at this time in an
operational system in which minimum down time is an important require-
ment. However, new and improved light-valve type devices offer great

promise for a system to be operational in 1970.

Display techniques that have been developed or that appear
promising for the future include individual character lights, cathode
ray tubes, mechanical inscriber systems, film or photographic projection
systems, light-valves, photochromic systems, electroluminescent devices,
ferroelectric devices, opto-magnetic devices, and laser systems. Of
the above techniques, it is believed that mechanical inscriber systems
and film and photographic projection systems will be obsolete by 1970.
Improved light-valves, electroluminescent panels, photochromic displays
and, possibly, laserluminescent displays appear very promising for that
time period. The display technologies that have been investigated to

date are discussed briefly in the following parts of this section.
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2.2.5.1 Mechanical Inscribing Machine

A mechanical inscribing system permits the large-screen display
of real-time dynamic information at a relatively slow rate . |In this
type of display, a glass slide coated with an opaque material is in-
serted into a projection system. Another glass plate with a stylus
mounted in its center is positioned paraliel to the first siide so that
tipping the glass plate causes the stylus to penetrate the opaque material.
When the stylus is moved in the X and Y directions by a servo-mechanism
under the control of external signals, a trace is inscribed in the
opaque material on the face of the slide. The light from a lamp is
projected through this trace on the glass slide and focused on a
projection screen. Thus, the trace will appear on the screen and can

be drawn in real-time.

The use of color filters in the light path permits color traces
to be generated. A composite multi-input or multi-color display can
be generated by superimposing the images from several projection systems.
Additional projectors can be used to superimpose static information,
such as maps, on the dynamic information. Since the inscribed trace
remains on the glass slide, no external memory is required for this

type of display.

With a trace width of 0.001 inches on the slide, the projected
trace will be about 0.1% of the screen size. Recent systems require
approximately 50 milliseconds to inscribe a trace across the full width
of the screen. Alphanumeric characters can be inscribed at a rate of

approximately 20 characters per second.
2.2.5.2 Charactron Shaped-Beam Cathode Ray Tube

The Charactron is basically a cathode ray tube which includes
a character generating mask and the necessary electrodes for shaping
the beam inside the tubeso The electron beam is deflected to the
proper position in the character mask corresponding to the character

to be generated. As the beam passes through the mask, it is extruded



2-9

into the shape of the character. The shaped beam is then returned to
the axis of the tube by deflection electrodes and deflected to the

desired position on the face of the tube.

Random display rates of 50,000 characters per second are possible
with this technique. The limiting factor is the time required to
position the character on the face of the tube rather than the time
required to shape the beam. The Charactron tube is not limited to
the generation of alphanumeric characters but can also generate any
symbol fabricated in the mask. A typical mask has 64 different characters
or symbols, but 144 symbol masks have been used, and several hundred

are considered possible.

The Charactron is claimed to have three major advantages over the

stroke or dot matrix method of symbol generation:

1) Reliability
2) Legibility or definition
3) System complexity

Since the charactron is basically a cathode ray tube, it can be
operated as a conventional cathode ray tube to generate graphical data
and target traces in real time. Any shape and size of symbol can be
chosen since this is a function of the fabrication of the mask. Charactron
tubes are useful for image generation in photographic projection systems
for large-screen displays as well as for direct viewing in console
displays. Recent development permits the simultaneous generation of
alphanumeric and real-time video information by the use of two electron
guns in the tube. Another recent development provides a rear window in
the tube so that a photographic image can be projected through the window
and superimposed on the face of the tube with the electronically generated
picture. Fiber-optic face plates have been used to avoid parallax by
bringing the image from the inner surface to the outer surface of the

tube.
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2.2.5.3 Film or Photographic Projection Systems

Large-screen display systems based on projection of photographic
images have been used in a number of existing Command and Control Systems
6,7,8

and several specific systems have been described in the literature

In essence, these systems involve:

1) A symbol generator for converting the digital information

to a shaped symbol or character on the face of the CRT

2) An image generator for positioning the symbols and generating

graphical data on the face of the CRT

3) Processing equipment for exposing film to the image on the
CRT, for developing the film, and, if necessary, for making

prints

L) Slide or film storage and selection equipment for storing

the film images and making them available upon call

5) A projector and screen for projecting and displaying the

selected image.

Usually, a multiple projection system is used to permit the simul-
taneous projection and superimposing of multiple images to generate
multi-color displays or to superimpose multiple overlays over a map
background. Systems that superimpose three or four independently
selected images encounter difficult registration problems in the
final projected display. Other systems that contain the multiple images
on a single film chip overcome the registration problem, but the image
size is reduced and flexibility in selecting the combination of images
to be displayed simultaneously is lost. A more recent development
proposes the use of a lenticular type film in which three separate

color images are contained on the same film image.
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A number of the photographic projection systems in current use
employ discrete slides as described above, but a few use a continuous
film strip to provide more rapid updating of the display and to permit
a simpler mechanical system than one in which individual slides are
selected independently. The flexibility offered by random slide
selection is sacrificed. The continuous film strip type projection
system is more suitable to rapid updating of pseudo-real-time displays
where the same type of information is displayed continuously but
updated rapidly. The individual slide approach is more suitable to
situation displays where a large number of different kinds of situations
or pictorial combinations are available, any of which may be required

at a given time and in any sequence.

The photographic projection type systems are currently the most
practical solution to a large-screen display where continuous operation
is required. However, because of the relatively slow response time,
the inability to display dynamic information, and the mechanical
equipment involved, this is not a desirable long range solution. It
is believed that this type of system will be obsolete before the 1970

period and should not be considered for a 1970 system.
2.2.5.4 Photochromic Display Systems

The use of photochromic materials offers considerable promise for
future display systems9. Photochromic materials are organic dyes which
become opaque when exposed to ultraviolet light, and return to the
transparent state when exposed to heat or infrared light. By coating
a transparent film with a thin layer of photochromic material, a
""photographic'' type media can be produced in which the chemical process
is reversible. An image can be exposed with ultraviolet light and

erased with infrared light.
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The exposed image will decay at room temperature at rates depending
upon the particular chemical compound. Typical persistency times for
photochromic materials used in display systems range from approximately
2 seconds to 15 minutes. Faster decay times can be obtained but this
is usually not desirable for display purposes. Achieving longer
persistence times would probably require ccoling the image since the

photochromic decay is inhibited by cold temperatures.

Photochromic materials exhibit a fatigue characteristic at present,
after a few hundred cycles of a particular spot. Red, blue, or green
colors can be obtained with a resolving power capability in excess of
1,000 lines per millimeter. The sensitivity varies with the photo-
chromic material but is about 1/3-watt-second per square centimeter.
The persistency of the image can be controlled by varying the tempera-
ture, the material, or the method of applying the material to the
base. The earlier photochromic display systems generated a dynamic
display by focusing an ultraviolet light through a lens system onto a
photochromic film; the ultraviolet light being mechanically positioned
by a servo-mechanism. Since the photochromic material becomes opaque
at the point at which the ultraviolet strikes, projection type displays
can be generated by inserting the photochromic material between the
lamp and the lens of a projection system. Moving the lens through
which the ultraviolet light is focused causes the opaque spot on the
photochromic film to move, generating a dynamic display on the screen.
Shining an ultraviolet light beam through a character-matrix mask
permits the generation of alphanumeric characters on the display
screen. Special symbols can be generated in a similar manner. This
type of display is interesting for tracking a limited number of targets
or for generating displays that change relatively slowly. However,
the speed of the photochromic material and the mechanical motions
involved in deflecting the ultraviolet light limit the speed of this

type of device.
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In a newer development, a cathode ray tube is combined with the
photochromic film to permit the electronic generation of an image. In
this development, a fiber-optic face plate cathode ray tube is used
to generate an image on the outer surface of the face of the cathode
ray tube by conventional techniques. The ultraviolet light from the
phosphor on the inner surface of the face of the cathode ray tube is
transmitted through the fiber-optic face plate to generate an opaque
image on the photochromic film. A dichroic mirror that transmits ultra-
violet light and reflects visual light is sandwiched between the fiber-
optic face plate and a photochromic film. Visual light from an external
source is projected through the photochromic film onto the dichroic mirror
which reflects it back to a viewing screen. The opaque image on the
photochromic film prevents the light from the projector from striking

the dichroic mirror. Hence, this image is reflected onto the screen.

At the present time, the speed of photochromic materials limits
the character generation rate to approximately 10 characters per
second in this type of display. |f work on faster photochromic
materials is successful, this approach could provide an attractive
all-electro-optical dynamic large-screen display with no mechanically
moving parts. Photochromic display systems combining electronic,
photochromic, and projection techniques are very promising for use

in a 1970 system.
2.2.5.5 Light-Valve Systems

The term light-valve in a generic sense refers to any system in
which light passing through the system is modulated. However, the
term is usually used in a narrower sense to refer to a cathode ray

tube projection display system using a Schlieren optical system.

In a typical system of this type, a metallic mirror-like surface
covered with a thin film of oil is placed inside an evacuated cathode

ray tube type device. An electron beam is used to generate an image
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on the oil film. This is similar to the operation of a normal cathode
ray tube except that the image is generated on the oil film rather than
on a phosphor face. The electrons impinging on the oil film create
electro-static forces that cause a temporary deformation of the oil film.
When a high intensity light source is focused on the oil film, the

light is reflected at a different angle for those areas that have

been deformed by the electron beam than for the remainder of the oil
film. Passing the reflected image through a ladder-like grating permits
selective passing of the light, depending upon whether it was reflected
from a deformed area or a non-deformed area of the oil film. Hence,

the desired image is displayed on the viewing screen.

Light-valves are promising for future display systems and will
probably be in widespread use in 1970. At present, they suffer from the
severe disadvantage of short cathode life (20 to 200 hours MTBF). Since
it is necessary to have an oil film inside the vacuum, it is difficult
to maintain a good vacuum. As a result, there is a tendency for the
cathode to be poisoned by evaporated oil. Light-valve systems of this
type are in common use in large-screen theatre-television systems.
However, these systems are operated for short periods of time for
special events, and considerable time can be allotted prior to the
event for bringing the system up to proper operation. Unfortunately,
in the military command and control environment, the system is required
to be in almost continuous operation. Another disadvantage is that
multi-color displays require multiple projection units with a consequent

registration problem.

Considerable development efforts are being expended toward improving
the performance, reliability, and life of light-valve systems. The
Rome Air Development Center, in particular, is sponsoring extensive
efforts toward improving light-valve systems. |t is their belief
that light-valve projection systems will constitute the next generation
of large-screen display systems. It is likely that projection light-
valve systems will constitute the next generation of large-screen display
systems, but this is an interim solution. Such systems will probably

be surpassed by other techniques for a system designed for 1970.
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2.2.5.6 Electroluminescent Displays

The major applicationsof electroluminescent materials in display
equipment so far have been in the form of individual character or
symbol indicators}! In these devices, each character position in an
alphanumeric display is represented by an electroluminescent panel
which can be caused to display any one of a predetermined set of
characters depending upon the electrical signals applied to the
device. However, extensive research and development efforts have
been devoted to the use of electroluminescent materials to fabricate
a complete display screen capable of displaying graphical data as

well as alphanumeric characters.

Electroluminescent displays offer the advantages of an all-solid-
state display without moving parts or projection optics, a flat display
requiring very little depth, and sufficient brightness for viewing under
normal ambient room lighting conditions. An electroluminescent element
consists of a thin layer of phosphor powder that is embedded in a
dielectric medium and sandwiched between two parallel plate electrodes,
one of which is transparent. The application of an alternating voltage

to the electrodes causes the phosphor to emit light.

Aside from the discrete character display, the electroluminescent
display which has been developed further than others to date has been
the electroluminescent crossed grid displaylz. This display uses a
continuous electroluminescent sheet with the electrodes on one surface
subdivided into parallel strips in the X direction and with the
electrodes on the other surface subdivided into parallel strips in the
Y direction. Applying excitation to an X and a Y strip will cause
the electroluminescent material to emit light at the intersection.

In this XY selection, each wire carries approximately one-half the
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voltage necessary to excite the electroluminescent material so that full
excitation voltage occurs only at the intersection. A continuous sheet
of non-linear resistor material is coated on the electroluminescent
material between two sets of electrodes to avoid partial excitation
and partial light at points along the selected X and Y strips other

than the point of intersection.

This approach is useful for a large-screen or console type display.
Real-time dynamic displays, such as target tracks, can be generated by
properly sequencing the selection of X and Y grids. Alphanumeric
characters and symbols can be drawn on the same display. However, it
is necessary to regenerate each spot on the display periodically since
it has no storage characteristic. As a result, this type of display
requires either an external storage or computer controlled regeneration.
To avoid noticeable flicker, the picture must be regenerated at least
30 times per second. The frame rate of 30 per second, and the fact that
1 - 5 microseconds are required to energize each spot on the display,
limit the total number of positions that can be activated. Periodic
action is required for active spots that remain static as well as for

those that are changing.

One display of this type provides a 256 x 256 matrix in a 16 x 16
inch display panel. This display panel is 3% inches thick. The spot
size is approximately 1/10 of an inch. |t is expected that spot sizes
of 1/40 to 1/50 of an inch are realizable in the near future, and that

1/100 of an inch is feasible.

In another type of electroluminescent display, a continuous sheet
of electroluminescent material is deposited over a sheet of piezo-electric
ceramic‘3. With the proper voltage applied to the electroluminescent
material, a mechanical shock wave travelling through the piezo-electric
ceramic can generate sufficient voltage to energize the electro-

luminescent material in the vicinity of the shock wave. introducing
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a shock wave to one edge of the ceramic causes a light signal to propa-
gate across the electroluminescent material as the shock wave propagates
across the ceramic beneath it. A reduced shock wave on one edge, combined
with a shock wave on a perpendicular edge, can cause a point of light
corresponding to the intersection of the two wave motions to propagate
across the display. A non-linear resistor material is again used to
suppress partial excitation. Controlling the time of the two shock

waves provides the ability to position the spot of light as it moves.

A third approach to electroluminescent displays can provide a
dynamic large-screen display that does not require periodic regeneration.
In this approach, the display screen is fabricated with a matrix of
discrete electroluminescent elements, each having an associated storage
element. An XY selection matrix is used to energize a specific electro-
luminescent element. The associated storage element then maintains
the electroluminescent element in that state until it is cut off by
another XY selection operation. At present, the addressing rate is
limited to a switch-on time of approximately 10 microseconds per element.
The switch-off time is approximately 30 microseconds, but it is not
necessary to maintain the electrical signal for this length of time.

It is anticipated that the switch-on time can be reduced to 5 micro-
seconds in the near future. Resolving powers of 10 lines per inch can

be realized now with16 - 20 lines per inch considered feasible in 1970.

This approach provides a true dynamic large-screen display with
exact registration and positioning without mechanically moving parts
and without an optical projection system. Since the individual
storage elements eliminate the necessity for periodically regenerating
the picture, only those elements that change must be activated and

energized or de-energized.

A multi-color display would be difficult but is conceivable by
segmenting each element of the display into three elements corresponding
to a three color system. This type of display would be quite expensive

due to the electronic selection of individual elements and the electronic
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storage associated with each element. However, it is a practical display
in that a dynamic large-screen display of this type can be built in a
relatively short time with a high assurance of success. Future develop-
ments in integrated circuit techniques may lower the cost of the electronic

elements sufficiently to make this approach attractive for a 1970 system.
2.2.5.7 Opto-Magnetic Displays

A different approach to solid-state displays is based on the
magnetic properties of certain thin-film materials that affect their
reflection of light. |If a thin-film of magnetic material of this type
is deposited on a substrate, areas that have been magnetized will reflect
light in a different way than other areas of the film. An XY matrix
selection can be used to generate a magnetic image on the surface. |If
a high intensity light is projected on the magnetic film, a visual image
will appear as the result of the effect of the magnetic image on the

reflection of the light.

Contrast ratios of 75to 1 have been obtained, providing a good display
under normal ambient light conditions. Only a few percent of the in-
cident light is reflected. Resolutions in the order of 5 mils have
been obtained in the laboratory. The intensity varies with the viewing
angle but there is very little variation within angles of approximately
90°.

This is an interesting approach to a dynamic large-screen display,
but it is too early in the development stage to determine with confidence

whether it will be available and feasible for a 1970 system.
2.2.5.8 Crystal Light Modulators

A projection display device using a birefringent KDP crystal
element has been proposedlu. An electron beam in a cathode ray tube is
used to control the passage of light through a KDP crystal in the face
of the tube. This permits a system in which a polarized light is

projected through a rear window in a cathode ray tube and then through
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the crystal modulating element in the face of the tube and onto a screen.
The electron gun in the cathode ray tube generates an image on the crystal
modulator, the polarized light passing through the modulator then

projects this image onto the screen. This approach is being followed
with interest, but there is no indication at this time as to whether

it will be feasible for a 1970 system.
2.2.5.9 Laser Luminescent Display Systems

Conceptually, a large-screen display can be generated by writing
on a luminescent screen with a laser beam. This would be somewhat
equivalent to an '"'outdoor'' cathode ray tube in which the laser beam
replaces the electron beam and the luminescent screen replaces the
phosphor coating and the face plate of the tube. This approach would
offer an advantage over a cathode ray tube in that a vacuum is not
required and a large-screen image can be generated directly. The
difficulty lies in the deflection of the laser beam. However, a number
of development efforts have been aimed at this problem with some
laboratory successls. An operational system of this type may not be
developed by 1970, but it offers long range promise. Continuing efforts
in the development of improved lasers and advances in the ability to
deflect laser beams will contribute directly to the ultimate success of

this type of display.

2.2.6 Display Availability in the 1970-80 Period

The investigation of display systems has not progressed far enough
at this point of the study to permit a compléte determination of the
availability of different types of display systems in 1970. From the
investigations to date, it is believed that film-based photographic
projection systems and mechanical inscribers will be obsolete. Light-
valve projection systems will be in widespread use but may be phasing
out by 1970. Cathode ray tubes will continue to be a dominant factor

in the generation of displays and in console viewing screens.
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Electroluminescent and photochromic systems offer promise for 1970-80
systems. Ferroelectric and opto-magnetic displays offer possibilities
depending upon the success of current development efforts. Laser

display systems appear to offer great promise but significant research

and development efforts are required.

2.2.7 Limitations of Present and Planned Displays

Most of the present large-screen displays are limited by the use
of electro-mechanical fiim based projection systems. Photochromic and
electroluminescent displays are currently limited by the rate at which
individual positions can be altered. Light-valve systems are limited
by short cathode life. It is not possible at this point of the in-

vestigation to discuss the limitations of future display systems.

2.2.8 Recommended Developments to Meet ANTACCS Needs

Development efforts sponsored by the Navy to meet ANTACCS needs
for the 1970-80 period should be concentrated on solid-state techniques
that are adaptable to both fabrication methods. Electroluminescent,
opto-magnetic and laser displays appear to be the most fruitful areas

for development efforts pointed toward the 1970-80 period.

2.2.9 The Evaluation Criteria Recommended

Characteristics and parameters to be considered in evaluating

display systems should include the following:

Display technique

Display media

Console or large~screen

Static or dynamic

Hard copy

Legibility

Color

Brightness

Screen Size

Resolution

Frame generation rate

Response time

Character generation rate
Character generation technique
Image storage capability

Image storage method

Storage and regeneration requirement
Capacity
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Character repertoire

Character size

Symbol shapes

Accuracy of position
Registration

Stability

Color capability

Contrast

Image quality

Optical quality

Processing requirements (if any)
Image handling requirements
Accessability

Background illumination permissible
Viewing distance

Physical space requirements
Weight

Power Requirements

It will not be necessary to make detailed comparisons and evaluations
of each of these characteristics since many of them are common to most
display types. Such characteristics would be used to rule out a limited
number of displays that do not posses the characteristic. Other charac-
teristics might be common for most displays but a unique property of a
specific display technique could enhance this characteristic to offer a
strong advantage to that technique. Those characteristics that vary
significantly from display to display, but within acceptable limits, will
be compared to permit evaluation of the characteristics of acceptable

display technologies.

2.2.10 Conclusions and Recommendations

Only brief preliminary conclusions and recommendations can be made
at this time. Emphasis should be piaced on the development and use of
solid-state displays that do not require periodic regeneration and on

batch-fabrication of display screens and arrays.
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2.3 DISPLAYS--USER TECHNOLOGY AND SOFTWARE

2.3.1 Introduction

2.3.1.1 Objective

Real time data processing systems have become an important point of interest.
The development of digital transmission systems and the availability of bulk
data storage devices have stimulated the use of on-line systems in which

information is entered into the data processor as it is generated, and outputs

are requested from the computer as they are required, and in fact limited fo

that information needed at the moment. The on-line concept established a
requirement for an intimate relationship between man and computer~-one in which
not only the characteristics of the computer are important, but where equal
concern must be given the communication devices by which man interacts with the
system. This study is concerned withthe application of on-line displays to

military command and control.
2.3.1.2 Historical Review and Perspective

Perhaps one of the first display devices associated with a computer system
was the simple cathode ray tube (CRT) display. For example, such a device was
available in 1953 on the ILLIAC (University of Il1linois) computer where two
tubes were driven in parallel. One CRT was mounted for visual observation
whereas the second was associated with a camera capable of photographing the
computer generated display. The computer controlled the film advance. While
the primary use of this device was the rapid generation of graphic information,
another use was the on-line monitoring of the progress of a calculation by the
programmer. By appropriate displays, he was able to detect programming errors
or, during production runs, make better initial guesses during iterative
procedures or parameter studies. This was perhaps one of the first on-line

display devices.
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It is important to define what constitutes an on-line display device.
From many points of view, all of the following can be considered as display
devices:

Typewriter
Plotter

Printer

Closed circuit TV
Document viewers
CRT consoles

For purposes of this investigation, however, we limit considerations to
essentially two types of devices, the single operator console and the group
display. These must satisfy the following criteria:

1) Directly tieable to data processing system.

2) Ability to initiate messages or control signals from a data
entry keyboard or switches for transmission to the computer.

3) Ability to receive messages or control signals from the computer
and display them to the operator or viewer.

"off-line'' devices are included if they receive information which is computer
generated. Conventional printing and plotting equipment, however, are excluded.
So are document viewing devices associated with the information retrieval
problem. These devices generally operate on reference libraries and not on

digitized data.

Based on the above, the typewriter station, the keyboard with CRT console
and the large screen viewing system are the basic items applicable to this

study.

2.3.1.3 Typical Systems and Operating Modes
SAGE

Perhaps the first, or at least most well-known display system was that
associated with the SAGE System. The operating principle in SAGE Direction
Centers is the interplay of man and computers via display consoles for the purposes
of making a composite number of simple decisions concerning the air threat at
any instant in time. To do this, geographic information is presented by the
computer to the console operator on a volatile CRT screen, and the human

responds to the machine by operating a light gun and button keyboard. Alarms
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and alerts, in both audible and visual form, are available. |[n a typical
center, there are close to one hundred consoles. Depending upon the function,
the console features differ from one another, there being over a dozen ''special
purpose'! configurations. Operating characteristics have been cited where the
computer reads up to 5000 console switch actions every 2.5 seconds. During
this period, 200 different displays may be generated consisting of 20,000
characters, 18,000 points and 5000 lines.

Typically, a console has a 19 inch Charactron tube and a 9 inch Digitron
tube manufactured by General Dynamics/Electronics and Hughes respectively.
The larger scope is used as a situation display capable of showing alpha-
numeric characters and lines, whereas the small CRT is a data summary display
capable of only alphanumeric information. Whereas the former leads to con-
siderable flicker to the casual observer, it is maintained that operational
personnel who are subject to a special environment of blue light find no

problem in working with the displayed information.

In the SAGE System, on-line devices first came to be used on a large
scale. The significant application principle here is the use of the console

in the area of computer assistance where human judgment can be applied.

NORAD

Another area of interest in the application of display techniques and

devices is NORAD.

The current NORAD Complex at Colorado Springs (apart from the plans of
425L) include two major installations, the Space Detection and Tracking System
(SPADATS) and the Combat Operation Center (COC). The display devices and

techniques used here are:
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SPADATS - a) 5 ft. x 6 ft. wall map of the world with pins showing
locations of sensors, communication elements, and data
processing stations.

b) Tote board presenting tabular information of all space
vehicles currently in orbit. Manual updating of perigee,
apogee, period, etc. is performed daily.

c) Closed circuit Wollensak TV for transmitting parts of the
display on the tote board to other operation rooms.

coc - a) Large screen of the North American continent capable of
showing tracks. This system uses the lconorama projection
system which automatically updates film chips from tele-
type messages.

b) Smaller screen devoted to showing the BMEW's system on a map
background of the Arctic region.

c) Weapon Status Board - registers which display the status

of forces.
Of considerable interest here is the lconorama system which is perhaps the
first on-line, multi-color, group display system to be installed. The
NORAD System generates information which can be displayed in the following
additional sites:

Joint War Room, Pentagon

Air Force Command Post, Pentagon

SAC Command Post, Offutt Field

Canadian Joint Chiefs of Staff

National Resource Evaluation Center

Air Force Command Post

The display activity to data at the Air Force Command Post has been
limited to several rear projection screens capable of showing slides and
films. Perhaps the most dynamic display is the lconorama System which is
fed by NORAD, In addition, there are status boards exhibiting the defense
conditions (DEFCON). Also there is a Bomb Alarm display which consists of
a map of the United States consisting of colored regional blocks. Upon an
indicator going off, an appropriate light goes on behind the map and lights

up the endangered area.
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During the spring of 1962, this system was augmented by the first stage
of the 473L program called the Operational and Training Capability (0TC)
phase. This was implemented by [BM Federal Systems Division by the Intro-
duction of the IBM 1401/1405 (disc) systems together with the DC4UOB/DIB

display and interrogation system of Thompson Ramoc Wooldridge.

The latter system consisted of two RW consoles having single 10-inch
CRT displays together with a sophisticated keyboard. 0f these, one console
was a remnant of earlier equipment while the second console was a newly
manufactured copy. Both consoles were interfaced with the 1401 by use of a
Display Interface Buffer which is a core storage device. These consoles were
to be used in the Command post by placing them at the disposal of the various
area desks as an on-line tool for information retrieval and analysis. The
following functions were selected for this initial application:

Emergency Actions

Defcon Actions

Plan Abstracts

Flight Following

Status of Forces

Airfield Facilities

Aircraft and Missile Characteristics

The purpose of the OTC was twofold: to achieve some automated capability

rapidly; and to experiment with equipment and techniques in anticipation of
the next phase of 473L development. The latter point motivated the interest
in on-line display devices so that experience would be obtained for design of

the Interim Operational Capability.

4) Defense Communication Agency: Defense National Communication Control Center

The Defense National Communications Control Center (DNCCC) is the focal
point for the controlling and supervising function of the Defense Communication
Agency over the Defense Communication System. The latter encompasses all of the
telecommunication requirements for the Department of Defense. The basic function
of the DNCCC is the maintenance of world-wide communication traffic status. |In
this capacity three basic on-line displays are generated to show operational

conditions; traffic status, system status and read-out panel.



These displays are computer driven, wall-lined panels. The first two
are static in composition, that is, they are fixed format displays on which status
is demonstrable by the manipulation of colored lights as generated by the Philco
200C computer system,

The System Status panel is an 8 ft. x 15 ft. map of the world on vhich are
etched majbr trunk lines and system relay stations for which the back lighting

can be red, green or yeliow.

Another panel is the Traffic Status Board which is an 8 ft. square display.
It consists of four bays of nine columns each, showing station backlog status

by use of coded illuminators opposite each identified station.

Finally there is a readout panel which is a 7 ft. square rear projection
display. This display can present tabular and textual information generated
by the computer as a result of an inquiry. The process incorporates a modified
Anelex High Speed Printer which generates text on special material from which
a film transparency is generated by non-chemical means. This film is
sequentially added to and is, therefore, spool fed and wound with 70 characters
per line at 100 lines per minute. The letter image is | inch high, and is large
enough to be read at 25 ft. distance in a room with ambient lighting of 25 ft.

lamberts.

These three display devices are tied together through a System Supervisor
Conscle which is under the control of the human operator. The console serves both
to initiate queries of the system and to display results via the station

lights, typewriter, and printer stations.

In addition to the above, there are three special Network Boards including
the station and trunk conditions for the CRITICOMM Network, the JCS Voice and
Teletypewriter Network and the JCC Network.

Operational experience has shown that the read-out display has found very
little use. This is probably due to the lack of requirement for large group

display of textual material.
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The DNCCC represents stage one of the development of the Defensc

Communication Control Complex.

The current DCA procurement is expanding the Control Central Complex by
adding to the DNCCC four area control centers, called Defense Area Communication
Control Center (DACCC), and five regional control centers, known as Defense
Regional Communication Control Centers (DRCCC). Those centers will perform
on a decentralized basis, many of the same kinds of functions performed at the
higher level DNCCC. |In particular, they will be more responsive to local

problems and system management.

The display requirements for the DACCC have been spelled out considerably
and serve as an example of what is currently demanded. Specifically, a visual
display is specified which will exhibit "in a canpletely unambiguous manner'

current operationsl status. To this end the following guide lines are parameters
by which a responsive display system was to be proposed:

a) Alteration: Ability to make changes to the display within
4 hours per unit change and without removing the
display from normal service.

b) Expansion: Have a residual capacity to allow a 25% increase in
information displayed.

c) Legibility and
Resolution: Permit personnel with 20/20 vision and normal color
perception to comprehend the large wall displays and small
individual displays at 15 ft. and 30 inches respectively.

d) Information Of twenty information items, eight are semi fixed and
Content: 12 are variable. The average frequency of change for
these items varied from a low of 15 minutes to hourly

for 13 items, and infrequently for the remainder.
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2.3.2 Application Technology in Command and Control

The technology of integrating man/machine communication devices must
take into consideration both programming and user techniques. The former
is concerned with achieving system operation and the latter with the design

of proper operating procedures.

Always the on-line application and problem characteristics must be

understood to arrive at an economical system.
2.3.2.1 Man/Machine Coordination

There is close interrelationship between man and machine in a command
and control environment. During both pre-attack and post-attack times,
the machine receives information from communication devices and displays it.
The man analyzes the incoming information as to the status of his forces and
those of the enemy. The machine receives additional information and updates the
situation display. The man evaluates the military situation based on the
information the machine has displayed. In so doing, he makes requests of the
machine to which the machine responds, since it is impossible for the system to
cover, under normal output procedure, data reflecting all contingencies in which
the commander might be interested. The man identifies certain courses of
action, and the machine computes hypothetical effects based on the various
possiblie choices. The man makes the decision and the machine communicates

the commands and records them.

The function '""computes hypothetical effects'' is probably futuristic.
At the present time, there is little real-time or operational war gaming
capability in command systems to help the commander make his decision during

the actual post-attack period.

Figure 2-1 refers to the overall command function. There are obviously

many support functions which require close man/machine coordination.

To fix the user concepts, it is convenient to illustrate by an actual
example indicative of a commander's requirements. Consider the problem of
interrogating the information files in a system. |If these files contain status
information regarding forces and resources, then some typical interrogations

of the system might be:
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1) Tabulate all POL facilities on Russian and Chinese Bomber Air
Bases whose capacity is greater than 500 metric tons of jet fuel.

2) List all NATO air defense bases with a probability of survival
greater than 0.85.

3) List all Navy Bases with a greater than 75/ probability of survival
and whose residual capacity of P02 is greater than 207.

The conventional procedure in fulfilling these requests is for the consumer
to fill out a request form and then await the manual and machine steps, shown in
Figure 2-2,to be completed. The computer input format required in step 4 typically
demands a trained specialist to convert the free text and terminology used by
the requestor to machine understandable nomenclature and fixed form. This
process requires table look-ups and transcription from code books, indexes

and tables of acceptable terms.
Disadvantages encountered in this process are:

1) Need to carefully adhere to spelling and to form; for example,
abbreviations, plurals, possessives, etc. may be excluded.

2) Use of special words. Synonyms may be prohibited. The
terminology of users varies so that a common vocabulary
acceptable to all is impossible.

3) Punctuation. The compounding and marking off of segments
of the query may lead to logical errors.

4) Need to learn special rules and codes. Change of codes will
affect all users at the problem originating level.
The on-line display console permits a short circuit of almost all of
these steps by providing the consumer with a direct entry on the files. Not
only are time delays eliminated by the simple brute force approach of by-passing
at least eight manned stations, but some of the inconveniences of maintaining

security and generating possible errors at each point are also avoided.
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The advantages of this approach are:

)

2)

3)

Direct consumer/system interface

Fast service

No intermediaries that can cause errors or delays
Complete control

Remote operation

Direct response

User oriented language
No code books
No dictionaries

No syntax rules

Error checking and control

The procedures that may be employed with the displays under discussion

here are illustrated in the following example. Assume that the display

console keyboard includes the labelled buttons:

Military installations
Geographical limits
Political limits

Owner limits

User limits

Current totals

Amount degraded
Residual capacity
Hard-copy output

CRT output

The steps in entering query (1) are:

D)

2)

3)

Pressing military installations, the display given in the
Figure 2-3 is presented. The operator selects AIR BASES.

The selection of one item, AIR BASES, causes a second display
to appear automatically as shown in Fiqgure 2-4., The operator
selects BOMBER.

The selection of BOMBER causes a third display to appear as shown
in Figure 2-5. |t represents the possible choices in selecting
attributes about Bomber Air Bases. The sample query dictates that
the operator choose FUEL STORAGE.
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MILITARY INSTALLATIONS

ALL
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RUNWAYS
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MISSILE CONTROL C.
FUEL STORAGE
KEY COMMUNICATION
KEY TRANSPORTATION|
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MISSILE LIQUID
MISSILE SOLID

.

FIGURE 2-5
LIST DISPLAY MODIFYING BOMBER
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FIGURE 2-6
LIST DISPLAY MODIFYING
FUEL STORAGE
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4) The next display,shown in Figure 2«6,modifies Fuel Storage and two
selections are made, JET | and JET lI, completing this sequence of

displays.

5) The next function key pressed is one labelled Political Limits.
This causes the display shown in Figure 2-7 to appear. From it,
two selections are made; RUSSIA and CHINA,

6) Next, Current Totals is pressed, causing a format display to appear
as given in Figure 2-8. The operator will insert 500 in the third

blank.

Having completed the entry of the query, the operator now selects the

output media. This choice will be dictated by urgency for results, amount of
detail desired, size of list likely to be generated, and desire for permanence

of copy. The selection of either of the output media will terminate the request

procedure and cause the request iten to be added to the internal processing

queue.
POLITICAL LIMITS TOTALS
KED SELECTED BY FEk CENT
BLUE GREATER « v vvvun...
NEUTRAL LESS  wvurvnnnn.
U.S.
SELECTED BY ANCUNT

RUSSIA

GhEATEﬁ.....'...‘
CHINA

LESS ........“
TREATY GnPS
BLOCS
NATIONS

FIGURE 2-7
LIST DISPLAY,POLITICAL
LIMITS

FIGURE 2-8
FORMAT DISPLAY, CURKRENT
TOTALS
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2.3.2.2 Problem Characteristics

Typical problem characteristics associated with on-line display systems
are as follows:

1) Real-time - this refers to both the performance of the total problem
and the responsiveness of the system to individual operator action.
By definition, since operator response and action is involved, real-
time is measured in human terms. Two different operations are
identified. The first involves entry of information, under program
guidance, to make up a complete message or action request. The

second is the processor response to the message.

An example of the former is the step-by-step composition of a message

by use of a keyboard or function keys as described in the previous
section. Typically, each key generates one or more characters of
information which are collected, operated on and stored by the computer.
Pressing a key may also cause a display to be generated, providing
guidance for the next stop, or requiring the filling in of further
information. This mode of operation must permit the operator to enter
data at his own speed, which effectively means that he must be permitted
to press keys at a 60 word per minute typing rate or within 200 milli-

second intervals.

The second aspect of response is the fulfillment of a particular
request by the processing central. The total action may involve:

Request validation

Information retrieval

information transformation

Data formatting

Output generation
Depending upon the specific application, the response time required
of the system may vary from a few seconds in a command and control
system to several minutes for an inventory search. In one particular
strategic command and control system the response times for fulfilling

requests were specified as shown in Table 2-1.
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Individual 10-30 minutes 3-10 sec. X

Group

Form of Qutput Presentation
Hard Copy Consule Group Display

X 3-10 -ec. 30 seconds

5)

6)

TABLE 2-1 - Response Time for Fulfilling Requests

Random Transactions - Since the input associated with display

devices is generated by people, and the reaction time to outputs is
dependent on people, the system transactions observe no fixed time
pattern or schedule. Hence the processor must be capable of supplying

random servicing of the on-line stations.

Large Storage Capacity Requirement - Systems with on-line displays

invariably involve much information in the form of a data base in
data handling applications, or as a program library in scientific
computing. Otherwise, on-line devices can hardly be economically
justified. Since man and his judgment are involved, there is a
requirement that this information be randomly accessible. Hence
bulk storage media and their efficient utilization are important in
system design.

Many Stations - typically, the on-line system will have many trans-

action stations. For example, a logistics system may involve
thousands of inquiry sets, while a CIC will include dozens of con-
soles. Multiple users compete for servicing from the central
processor.

Independent Functions = As well as many users operating in parallel,

individual functions or tasks vary from one station to the next.
For example, in NTDS, many different operations are defined, any

of which may be initiated at any of these stations.

File Access - The multi-functions and multi-users operate on common

files. Hence, file order and file integrity must be maintained.
The latter is a problem since the functions operating in parallel
can be both extracting information or modifying the data base at

the same time.



2-39

2.3.2.3 The Naval Application

In Figure 2-9 there is shown schematically the data processing system
from the point of view of the commander. He receives information from the
machine; [rom console displays and group displays, and from hardcopy print-
outs. Console dispiays reflect the working display to help prepare and format
group displays and Lo reactl Lo particular requests of the commander. Group
displays represent the major standard output to the commander reflecting tactical
situations, i.e. situations which change rapidly. Hardcopy output represents
the back-up data which is frequently used for reference in this perspective.
The data processing system itself is simply a '""black box'"' from the commander's
viewpoint.

The most important aspect from the standpoint of the commander is that
he must communicate with the machine in his own language--the military language.
This implies that the hardware and the procedures providing the input/output
to him must be so designed to allow this. Communication with the machine in
a programmer's language, totally foreign to the military man, is unacceptable.
There must be an intermediate translation from the military language to the

language of the console displays, group displays, or hardcopy print out.

The 'tommander'' in the above paragraphs is used in a generic sense. |t
is meant to include the commander's staff activities and all support functions

necessary to the mission.

2.3.3 Hardware Aspects from the User's Point of View

2.3.3.1 Equipment Features
2.3.3.1.1 Display Console Features
TJo illustrate the principles of the techniques and operating concepts

to be presented ir this section, it is well to define a typical display console
in terms of the capability and tools it affords the user/operator. The following

features are assumed:
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2)

3)

6)
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Alphanumeric Keyboard - This consists of a set of keys comparable to

a standard typewriter keyboard. In addition to the letters and
figures, punctuation and special symbols will be included. There are
usually sixty-four possible characters available since 6 bits are con-
ventionally used for symbol representation. Since there are 43 keys
on a typewriter, this implies the need for a shift key or augmented

keyboard.

CRT - A readout unit capable of displaying a set of characters or
symbols with line drawing as a possible option. There is typically
a one-to-one correspondence between the symbols available on the

alphanumeric keyboard and those that can be generated with the CRT.

Function Keys - This set is dedicated to application-oriented

procedures. Single keys may represent a call for an action, or groups
of keys may be tied together to form a message calling for an action.
To make the device general purpose or multi-purpose, it is desirable
to have the significance of these keys vary on demand of the operator.
One convenient way to achieve this variability is by a replacable mask
or overlay as is done in at least several commercial products such as

the Bunker -Ramo BR 85, IBM 4554 and ITT Integrated Console.

Status Indicators - System status, both internal computer and console,

is shown by status indicators. These indicators may be labeled

neons; their on or off condition show status.

Alarm Indicators - Alarms or error indications are conveyed by a

set of labeled neons. Buttons may be associated with these lights so

that operator recognition and resetting can be accomplished.

Control Keys - These keys are dedicated to general tasks and support

functions by which system control, data entry, and status requests are

made.
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7) Light Gun - This is a hand-held photoelectric device by which

the user/operator can index any symbol on the CRT.
We illustrate typical assignments to some of the panel elements:

1) Alphanumeric Keyboard

Alphabet

Numbers
Punctuation
Special Symbols
'""Carriage' Control
Shift Control

2) Control Keys

Hardware Configuration Control
On-line system Function Control
Queue Control

Display Control

3) Status Indicators

Equipment Status
Queue Status
Processing Modes

LY Alarm Indicators

Data Errors
Procedure Errors
Equipment Alarms

2.3.3.2 Equipment Operating Concept

2.3.3.2.1 Console Operating Concept

The basic operation of the display console is in sequencing through
the Function Keys. A desired action is defined by pressing an individual

key, or more typically, a group of keys in some ordered sequence.
The following events represent a typical operating pattern:

1) Press key i

2) Get positive response that key i was pressed
3) Computer presents a display on the CRT

L) Enter data into display

5) Visually validate inserted data

6) Make corrections to inserted data if necessary

7) Signal end of entry
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The actual sequence followed by the operator for a particular key

is shown in Figure 2-10.

While this sequence of operator events is underway the computer
engages in a number of actions paced by the speed of the operator. These

steps are shown in Figure 2-11.
2.3.3.3 System Configurations

There are several possible methods for tieing the on-line display
device to the computer. The appropriate method for each application must be
determined during the system design when the system equipment is being
specified. The various configurations are illustrated in Figure 2-12. It
should be noted that for a given system, not all of the configurations
illustrated may be possible. The remainder of this section is a brief

description of each configuration.

Confiquration Description
a) and b) The on-line device is connected to a buffered or
unbuffered computer 1/0 channel. Additional devices

may be connected to the same channel up to some
maximum number. Then additional devices must be
assigned to another channel.

c) and d) The on-line device is connected to a separate buffer
unit which in turn is connected to the computer via
an unbuffered or buffered |1/0 channel. Additional

on-line devices may be connected to the buffer unit
up to some maximum number.

e) and T) The on-1ine device is connected to its own buffer
unit which in turn is connected to the computer via
an unbuffered or buffered 1/0 channel. Each on-line

device requires a separate buffer unit.

The separate buffer units appearing in configurations c¢), d), e), and
f) perform such functions as automatic CRT display regeneration and character-
by-character message accumulation for subsequent transmission to the computer

or on-line device.

Operational examples of these configurations include the following:
DODDAC uses configuration a) with the CDC-160 computer. System 473L uses
configuration ¢) with two consoles and the IBM-140} computer. Configuration c)

was used at Ramo-Wooldridge for the RW-400 computer and for the IBM-7090 computer.
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Software Considerations

Implementing and Using the System

From the point of view of the user/operator the display subsystem

should possess the following:

D)

2)

3)

Standard procedures - It is well to establish clear rules with regard

to console functions and operations so that there is a minimum of

confusion by the operator. This refers to the following items:

a) Maintain uniform use of groupings of keys. [If, for example,
the console keyboard has several physically distinct arrays
of lights or buttons then it is wise to have each unit in the
group.consistent with the function of the group. Thus all alarm
indicators should be grouped together.

b) Define simple steps for using console buttons that are consistent
within each physical panel grouping. Thus the alphanumeric keys
should all cause a character to appear on an associated display
for each key depressed. System alarm indicators should behave in
identical ways for all alarms.

c) Require all data input via the alphanumerical keyboard to fit a
prescribed format whenever possible. This has the advantage of
allowing the computer to guide the operator and permit computer

transformation of data from external to internal representation.

EFase of Use - Program as much as possible and provide as many
flexibilities as possible. Do not sacrifice user simplicity and

flexibility at the expense of more complicated '"one time'' programming.

Flexibility - Usage of display devices will invariably lead to
improvements in procedure and technique. Hence it will be desirable
to be able to make changes often and easily. This implies providing

the ability to alter individual steps and the logic flow.

Growth - Application areas will grow as new uses are found for the
displays, especially if the devices are general purpose. Hence, it

should be possible to add new functions to the programming system.
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User Orientation - The display subsystem should be as much user

oriented and user understandable as possible. Hence, it is desirable
that the design, implementation, and modification of specific functions
be as much '"'professional'' programming independentl as possible.
Optimally, the svstem should be manageable by the user, once the basic

programming has been done.

The following operating principles should be preserved:

)

2)

2.3.4.2

2.3.4.2.1

CRT

Lights that present status should uniformly all present either
negative or positive information whenever possible. This rule may
be compromised for a second rule which states that indicators should
go in the ""on'"' position for the exception, and not the rule. (This
rule is, however, often violated by the equipment "on'' indicator.

This violation is probably justified).

Whenever a button is pressed by an operator, some positive and
identifiable response should be given by the computer to the operator.
Thus, if a control button is pressed, an associated neon should go on

or the display should indicate the action. This redundancy should

be caused by a return message from the computer to serve as an intermodule

communication check (and hence not require hardware error check ).

The console buttons should have associated markers to indicate a
functioning keyboard. The operator should be made aware of a full
buffer if keys are pressed too rapidly. This can be served by an

indicator or by locking the keyboard.
User/Operator Techniques

CRT Displays and Their Use

displays may be classified into four basic types:

1)  Message displays, which do not require modification in any manner
by the operator.

2) List displays, which require the operator to make selections from

a prepared list of items.
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3) Format displays, which require the operator to make entriesin well

specified positions.

4) Free displays, which allow the operator to make entries into any

position.

O0f these four display types, the first is computer generated (e.g. outputs)
the middle two are computer presented or computer generated for operator use,
and the last is operator generated. Typically, only the first three are

employed, the last being useful only for free text entry.

One of the important features that should be available with CRT displays
to aid in data entry is knowledge of current '"position' of the ''platum''. That
is, the position on the CRT where the next character will be placed. This can
be handled either by hardware or by programming. |In either case, some symbol
is dedicated to serve as a'marker" having the property that it will always move
one character position to the right (or to the first location of the next row
if it now occupies the last position of a row) whenever an alphanumeric key is
pressed. The position previously occupied by the marker will be taken up by

the data symbol just entered.

The message display is generally information supplied by the computer
regarding operational status, actual output, and such items as file indices
and reference tables. The free display would be information supplied to the
system for future reference purposes. Also, the free display could serve as the

input for generating certain data bases for say, intelligence files.

The list and format displays are the work horses of the system. The

former consists of a list of items from which the operator may choose in

making parameter selections. By use of special selection keys, the operator

is able to select any number of items from the list. Furthermore, choice of an
item from one list could lead to the presentation of a second list, permitting
further choices. Such an arrangement leads to the conceptodf multi-level
sequencing through an indentured index taking the analyst from the general
category to the specific by the most direct route. For example, if the

operator had selected Air Bases from the choices open to him, then the
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system may next present him a breakdown of this category as was illustrated.
This process could, of course, continue to any level. The item chosen at the
lowest level reached will then serve as a selection parameter in whatever
action is being generated. In effect, the parameter will be the logical
"and'' of this item with all the higher level choices made to get to this

particular list.

In a list display it is also possible to make multiple selections within
a particular level. To establish some bounds to these selections, if a
multiple choice is made, the operator is prohibited from going to a next lower
level. This limitation is imposed to avoid the unlimited handling otherwise
possible. Thus, of the two ''trees' shown in Figure 2-14 case (B) is now

allowed.

The format display facilitates input of data that is structured. |t has
a well established form and the input data must conform to the limits set
by the format. An example of such a display is given in Figure 2-13. Emphasis
is made on the user oriented format and the utilization of application oriented
language leaving necessary conversion and data packing to internal machine

codes.

REFERENCE POINT

LATITUDE: - =9 _
LONGITUDE: - - = © = =
DATE: Y - -,M - -,D - -
TIME: - - - - 72Z

Figure 2-13

Example of Format Display
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CASE (A)

CASE (B)

FIGURE 2-14
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Programming Aspects

Programming System Requirements'

To meet the requirements posed by the application characteristics

identified in Section 2-2, both hardware and software considerations must

be given.

The extent of the software will, of course, depend upon the

specific features provided by the hardware.

In designing the programming system it is necessary to recognize

the following '"internal'' operating characteristics:

)

Many short demands - Perhaps the single, most important observa-

tion regarding the operation of multiple, on-line stations is

the large number of short duration service demands made on the
processor. These demands generate individual information entries
that are built up into a complete message. In turn, a number of

messages may be connected to form a complete transaction.

Consider, for example, a simple alphanumeric message entry by a
keyset station. The operator would press a key indicating his
desire for service. The computer would respond with a ready

signal (display) or would present a message (display) requesting

the operator to select a format number. The operator would now
enter a selected code-say 2 characters-and press the 'énd of message'!
key. The selected format would be displayed, and the operator

would enter his data.

The sequence performed by man and machine up to, and including,
the first character of data entered into the selected format is,

using the steps shown in Figure 2-15as follows:
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Interpretation

Iindicates desire for service

Generate response

Receive ready signal/message

Continue if no error, otherwise back to a)
Enter first character of format number code
Accept input

Validate the character

Continue if no error, otherwise back to d)
Enter second character of format number code
Accept input

Validate the character

Continue if no error, otherwise back to g)

"End of message'

Validate the format presented

Continue if no error otherwise back to a)
Enter first character of alphanumeric message
Accept input

Validate the character

The typewriter itself provides an automatic presentation of

inserted data and, therefore, for this example, frees the computer

from those steps 3 marked with an asterisk.



2)

3)
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The total internal processing time for the above actions may be

about 50 milliseconds for a medium speed computer. In addition, up

to several hundred milliseconds may be required for accessing and
presenting displays if they are needed and auxiliary storage is used.
Since the total elapsed time for the entry of the above example may be
about 10 seconds, it can be seen that very little of the total computer
capacity has been used. |If the |/0 transfers are buffered, then the
references to auxiliary storage will not be additive with the processing
time. On this basis, a single station would use 50 or 0.5 percent of
computer processor capacity, and k stations would’require 0.5k percent of
capacity. It is interesting to note that for larger and faster computers
the denominator remains constant whereas the numerator decreases. In
fact, for computers of the CP 667 class, this may be only one or two
milliseconds. Hence, it is concluded that a single processor is capable
of servicing many stations and still have large capacity left over for

functions.

Time sharing of Processor - Based on the foregoing, there will be a

considerable amount of processor capacity available for tasks other

than the routine servicing required by consoles. A good part, if not
all, will be required to actually execute the functions that may be
initiated by the completed console message or request. In addition,
there will be other computations, related to the total problem or,

for that matter, secondary in nature, that will use up excess capacity.
Because of these interactions and the step-by-step processing associated
with each console, the entire system must be time shared, and more than

likely, multi-programmed.

Special Timing - The special nature of the display device interface and

possible electromechanical responses may impose special timing
requirements on the computer program. This depends, of course, upon

how much of the detailed bookkeeping and control is actually committed

to hardware. Consideration must be given to the following representative

items:



a) Refresh - if automatic buffers do not refresh the volatile
CRT's then the computer must re-transmit the information

sufficiently often, say every 20-25 milliseconds.

b) Scanning - it may be necessary to insure the clearing out
of the console output register sufficiently often, say
every 200 milliseconds, if keyboard entry is to continue

at operator pace.

c) Outputs - special devices may require output data that
must meet specified timings. This may be true, for example,
of electromechanically driven devices where start/stop

problems may arise.

The actual implementati on of these response requirements will
depend upon the availability of suitable interrupt features,
an active or passive clock, and sufficiently long buffers.

If none of these features are available, detailed programming
may take their place at the expense of possibly affecting
total efficiency. In this regard, an important point is that
timing may not always be critical, and cycles can be skipped
now and then. For example, a CRT image would not suffer from
occasional misses at refreshing, or from a 5-10 millisecond
delay in a cycle. However, while random pertubations will not

adversely affect the viewer, periodic misses will be noticed.

4) Auxiliary Storage - The requirement for rapid response and the

servicing of many stations, each actively spread over a long

period of time relative to the effective computing rate, leads

to the need for rather large capaéity auxiliary storage. This
store will hold programs, working displays and the basic data

base. While this discussion points to the need for random access--
bulk storage, such as drums and discs--it is still possible under

appropriate program design, to be reconciled with magnetic tapes.
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2.3.4.3.2 The Display Subsystem Programming System

As discussed above, multi-station, multi-purpose display systems
require random and unscheduled servicing by the computer. Further, the
interactions between man and machine are spread over relatively long
periods of time and are completely asynchronous with respect to each of

the users.

Systems of this type require access to programs, pre-stored display
and data on a random basis if reasonable response times are to be met.
Because of the expected time sharing of the central processor between
multistations for intermittant servicing, it is necessary to maintain
console '"history tables' which refiect the transactions that have been
generated by each user to some point in time. |In addition, it is necessary
to maintain ''‘position'' in a particular procedure since unpredictable time
lapses will occur when human responses are required in fulfilling individual

steps of the procedure.

Effectively, the program must wait (or do something else) whenever
a display is presented to the operator. As the operator enters data
(if required) the computer must momentarily return control and monitor
each entry. Upon completing the entries for a single display, an appropriate
""end of message'' will dictate that the next logical step in the procedure
is to be initiated. At the end of the final step, a complete and meaningful
message or direction will have been gererated from which the computer will
now determine action independent of the operator. It is thus possible to
continually generate directions and have the computer respond to them on an

overlapping basis.

It is possible to separate the application oriented tasks from those

that are general purpose and apply to most on-line display system applications

and processes. The division is made between the processes required in
generating a message and the actual procedures for executing the action that
may be called. The former concerns the mechanics of handling displays and
composing messages, whereas the latter is concerned with actual file handling,
retrieval, processing, summarizing and formatting. In this disucssion,

attention is restricted to the first aspect, the general purpose processes.
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The objectives for the programming system are as follows:

1)

2)

3)
4)

Provide general capability and flexibility so that virtually
all applications can be accommodated.

Standardize techniques and procedures so that individual
program segments or subroutines can be shared by as many
functions as possible.

Maintain order among contending users for the same files.

Service each console as if its operator is the only user
making demands on the processor.

Based on the above discussion, the programming system must include:

)

2)

3)

4)

Display Subsystem Executive Control

This program performs the basic scanning, sequencing, and queue
control for servicing the on-line devices. In addition, it links
to the Master Executive Control which may be supervising the total
processing system.

Function Monitor

This program maintains the history tables and establishes the
action sequences to be carried out as a function of the keys
that are pressed.

Utility Program Package

This is a collection of service routines used primarily by the
Function Monitor and Executive Control. The availability of these
general purpose programs precludes recoding of common functions.

User Language

This is the language which must be used by the application programmer
in writing his program. The system must provide the programmer

with the ability to express his program in both the symbolic language
of the computer where each command generates one machine instruction
and in higher order languages where each command generates many
machine instructions.

In order to be effective, the higher order language must possess
the following chief attributes:

a) It must be powerful enough to express the application
probiem.
b) 1t must be such that nonprogrammers can use it with a

minimum amount of training.

c) 1t must be readily expandable so that new commands and
functions can be added.
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The existence of a system such as this implies that application
programmers must conform to certain coding restrictions and procedures so
that all of the possible programs can be accommodated by this approach.

While this may seem a disadvantage, it is, in fact, a saving grace since:

1) It simplifies the programming because of the existing of service
routines.
2) It simplifies the implementation of a new application since

the design must fit within the logical framework set forth by
the system.
The importance of the second point cannot be overemphasized. Without
a well-defined organizational and procedural philosophy, the programming
design and implementation of the individual application can become a major

undertaking.
2.3.4.3.2.1 Display Subsystem Executive Control

The real-time requirements associated with on-line displays present
a problem of priority of interrupt handling and servicing. Hence, it is
necessary to design an executive system which will be responsive to these
requirements. Such a program will be equipment dependent in the sense

that many hardware/software tradeoffs are possible.

The basic requirement of the display subsystem is the control of a

great number of 1/0. This includes: **

1) Scanning the input lines for messages

2) Refreshing the CRT's

3) Accessing programs, displays and data from auxiliary memory
L4) communicating with other processors that may be in the system

5) Maintaining timing responses for special purpose on-line
display equipment.

* Initially, it is assumed that the system has a minimum number of
desirable hardware features.
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It has already been stated that typical timing requirements range
from refreshing the CRT within 20-25 ms periods, to scanning of inputs from
the console keyboards every 200 ms. Unless certain hardware features are
available, such as automatic interrupts and /0 buffering, the programs will

have to take these into account.

Assuming no dependence on hardware, the executive program must main-
tain continuous cognizance and control over the /0. This is done by the
basic control loop shown by the dotted lines in Figure 2-16. Each of the
five indicated functions could potentially generate a processing task as
the cycle is traversed. For example, the tasks associated with scanning

the input message lines is shown in Figure 2-17.

To meet real-time requirements, this loop must be passed at a rate
which will insure return to the task which has the tightest timing constraint
within a specified amount of time. This time will be called the "'basic cycle
time''. Thus, if the CRT refreshment is the critical task, then the basic

control loop must return to that task within a basic cycle time.

There is also the further implication that the processing requirements
for each of the five identified functions must be completed within a time

which will not compromise the total cycle time.

There are three ways of achieving this:

1) Allow processing to proceed in increments of the basic cycle
time so that temporary return to the cycle is permitted after
each such segment. This leads to difficulties of recursive
entries into the various processing tasks.

2) Spot-place a particular task in more than one position in the
loop. Thus, for example, the ''refresh CRT' might be placed in
every other position in the loop if the other functions have a
period which is very much larger than that of the CRT refresh cycle.

3) Permit only a minimum of processing as each of the tasks are
reached and place in a queue those functions not completed. This
queue is then processed during the residual time which is left
over during every cycle, This is shown in Figure 2-16 by the box
which is part of the loop indicated by the heavy lines. It is,
of course, necessary that the residual be non-zero enough of
the time if any processing is to occur.
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Start

Scan Input
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CRT for special
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Figure 2-16

Basic Executive Control Loop
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Service Validate Function
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Response Response
Routine no Place 1/0
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1/0 Queue
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for Function
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Execute program
or

place in queue

Figure 2-17

Tasks Associated with Scanning the Input Message Lines
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A particular system will include any number of these possibilities
depending on the details of the system interface and hardware characteristics.

The example shown in the figure employs the last of the above alternatives.

If one has m consoles in the system and each one is generating input
at the nominal 60 wpm rate, then m consoles would require servicing every
200 milliseconds. Based on experience, the typical processing time per
character (command) entry is one millisecond for computers of the 12 micro-
second memory class. Hence, if m is 20, then 20 milliseconds out of every
200 (or 107 of the available processor time) is spent in console servicing

if the entry rate is sustained.

A more realistic analysis of processor support to displays is given
in Figure 2-18. Here it is shown that if messages can be entered in 30 seconds,
a single console will require a total of 1.0 seconds of processing and 1.6
seconds of /0 time assuming a 12M/s. computer memory and the availability
of a fast disc system for auxiliary storage. Azimuth m=20 consoles would
require 20 seconds of the processor's time and 32 seconds for 1/0. The
latter is, of course, impossible in a 30 second period unless there are
multiple buffered channels in the system. |t can be seen that a multiple
console configuration can saturate the computer capacity so that while all
of the consoles may be serviced, the other processing tasks are not satisfied.
Based on tables such as shown in the figure, a proper balance of number of
stations, speed of processor and total processing tasks is achieved as a

result of a system analysis.



Total Processing Time

Rate of Average Number
Occurrence Processing Per
Time Message Computing 1/0 (Assumes disc)
Alphanumeric Entry 200 ms I ms 150 150 ms
Display Change 4 sec 250 ms 8 400 ms 1600 ms
Function Key 6 sec 150 ms 5 250 ms
Complete Message 30 sec 200 ms ] 200 ms
Total 1000 ms 1600 ms
Figure 2-18

Processor Servicing Required in Support of Console

Message Entry

(exclusive of refreshing)

v9-¢
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The following comments are presented concerning the implementation
of the executive control with respect to the presence or absence of the

indicated hardware features:

1) If neither external interrupt nor a real time clock are
available, then the tasks associated with each of the
control loop functions and all other calculations must
be programmed in segments so that each segment will permit

return to the control loop and maintain the timing.

2) If a clock is available then the executive can preset it
at the beginning of each cycle so that it will interrupt

the processing of the queue at the proper time.

3) If external interrupts are available then the function
of the basic control loop has been absorbed by the
hardware and no executive function is needed. Consoles are

then serviced on demand.
2.3.4.3.2.2 Function Monitor

The function monitor is a specially designed program to facilitate
the responses to a special set of keys on the console. Although not all
consoles have a set of keys of this type, it is deemed necessary that a
truly general purpose console will have such a set. They are characterized
by the fact that their labels and also their identifying codes can be changed

at will by the operator.

The process of entering information into the computer for the purpose
of making a request has been discussed in detail earlier. It is primarily
to ease this process that the function monitor is designed. Knowing that
different applications will require different displays and different
sequences of presentation, it is apropos to design a scheme which is not
application oriented and is professional programmer independent so that

the user can design his own data entry scheme and query language.
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The function monitor is an interpretive program which operates
on a very special language useful in display manipulation. When one
of the special keys mentioned above is pressed, the executive control
recognizes this and passes control to the function monitor. There,
the specific key is identified and an associated table of instructions
in the special display language is executed interpretively. |t is the
ease with which a user can modify this table of instructions which makes
the function monitor so valuable. To illustrate the capability of the

display language some of the possible instructions are:

1) Turn the specified console lights on (off) - the lights
are specified in parameter words following the instruction.

2) Display the following characters on the CRT - the characters
along with their location coordinates are listed foliowing
the instruction.

3) Locate a display in auxiliary storage - the identification of
the display follows the instruction.

4) Clear a specified buffer - the buffer area may be either
pre-established or specified in the words following the
instruction.

5) Enter the specified characters in the buffer - the characters
are listed following the instruction.

6) Process the "'list'' display - special codes (specified by the
query language) are extracted from the list display as
dictated by the selections of the operator and are placed
in the buffer.

7) Process the ''format'' display - the parameters entered
by the operator are extracted from the format display

and stored in the buffer.
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A more sophisticated language can easily be designed to cover more
applications. The above language, however, is completely adequate along
with its function monitor to service the kinds of retrieval requests set

forth as examples in Section 2.3.2.
2.3.4.3.2.3 Utility Programs

Utility or service programs extend the hardware in a general way so
that certain functions become available to the application programmer without
his concern for programming. This software is primarily concerned with
facilitating the entry of alphanumeric information onto the CRT in an
expeditious manner. Also included are useful functions for data handling

and in the control of displays.

In some instances the recommended features described below may be

part of the hardware, thereby precluding a need for the programming.

1) MarKer Routines
The marker is a special symbol which is used to indicate
current writing position on the CRT. The following control

keys are defined for manipulating this marker:

a) Marker Enable - This key causes the marker to appear at
some fixed location on the CRT. This position could be,
for example, the (1,1) character location. As alphanumeric
characters are entered, the marker is displaced one character
position to the right, the newly entered character taking
its place. The marker moves from the end of one row to the
beginning of the next and upon reading the lowest right hand
position, it will return to the (1,1) position. A character
that is dislocated by the marker will be replaced when the
marker is moved again, unless a new character has been
entered.

b) Marker Disable - This key removes the marker from the CRT.

c) Marker Backspace - This key causes the marker to move one
position left, or to the end of a previous line, if now at
the beginning of a line.




2)

9)

h)

i)

i)
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Marker Up - Depressing this key causes the marker to move

to a position in the preceding line which is directiy above
its current position. |If the current position is in the first
line, the marker is moved to a position in the last line ver-
tically below its position in the first line.

Marker Down - This key causes the marker to move exactly
opposite to the motion described in '"Marker Up."

Marker Left - Depressing this key causes the marker to move

in positions to the left in the same line. The marker moves
""end around'' from the first to the last position of a particular
line. If n=1, then this key is identical to the backspace key
except that the latter is not restricted to a specific line.

Marker Right - This key causes the marker to move exactly
opposite to the motion described in '"Marker Left'' except that
the number of positions moved is n'. A relationship should
exist between n and n' such that one of them is equal to one
and the other is some small integer greater than or equal to
one. A recommended system is n=5 and n'=l.

Advance Marker - This key is used in conjunction with the
format display, i.e., a display in which the operator enters
A/N data into various labeled slots. Depressing this key
causes the marker to be moved from its current position in
some slot to the first position of the next slot. If the
current position is at the last slot, the marker is moved

to the first position of the first slot.

Accept ltem - This key affects the marker only with respect to
list displays. The depressing of this key will move the marker
along the first column, from one row to the next, replacing

the marker by '"'X'', indicating that a particular item was selected.

Reject ltem - This key affects the marker only with respect
to list displays. The depressing of this key will move the
marker along the first column, from one row to the next,
replacing the marker by ''space''. This feature is used to
reject a previously accepted item.

Display Control Keys

The operation of the CRT display is aided by the availability

of the following keys. For convenience, a distinction is made

with respect to the CRT display which is viewed by the operator

and the CRT display image, (or just image) which is the computer

stored analog of the CRT display.



a)

b)

d)

e)

f)

9)

h)

i)
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Display On - This key causes the CRT display image to be
presented on the CRT.

Display Off - This key removes the CRT display leaving the
image in a passive state,

Clear Display - This key causes the CRT image to be completely
cleared except for the marker which, if on, is restored to
its origin.

End of Message (EOM) - This key is used in conjunction with
data entry to indicate to the processor that a message has
been completed. |t serves as an interrupt which signals
the computer to act on the CRT data.

Data Insert - This key is used in order to insert a set of
alphanumeric data on the CRT between two consecutive characters.
The marker is first positioned to the leftmost of the two
characters. Then the Pata Insert key is piessed and new data

is entered appearing as it is generated and causing all of

the data to the right and down to be shifted by one position.
Exit from this mode is made by pressing the EOM key.

Data Delete - This key is used to delete a set of continuous
alphanumeric data on the CRT, followed by a closing up of the
display. The marker is first positioned at one end of the set,
the Data Delete key is pressed and then the marker is set at
the other extreme. Pressing of the EOM key causes the desired
action and exits from this mode.

Sequence Display - This key is used to call for the next part of
a multi-part display should the size of the CRT prohibit the
display of the entire message at one time.

Display to Printer - This key generates a hard copy version
of the CRT display on an associated typewriter or line printer,
whichever is available.

Monitor Display - This key permits the selection of any other CRT
associated with another console for purposes of monitoring that
console's activity.

Save Display - This key interchanges the CRT image with the
contents of an alternate location. Thus, effectively it
permits saving information for future reference purposes.
Typically, after pressing this key one will also press Clear
Display if one is disinterested in the display brought forth
from thealternate image location.




2=70

System Control

In this section representative functions are identified and
assigned to the Control Keys. In a particular system more

descriptive and extensive keys may actually be cailed for.

a) Display Message - This key permits interruption of the current
CRT display for purposes of viewing the message which is being
held by the computer for the operator. The availability of a
message is indicated by a status light (see below). Return to
the current procedure is by pressing of the Display On key.

b) Display Queue - This key causes the internal tasks queue
(if there is one) to be displayed. Shown are priority ordering
and status. The operator is now able to modify this queue by
manipulating the CRT display and using the Modify Queue key
(see below).

c) Modify Queue - This key can only be operated after the Display
Queue key was pressed. It causes the CRT display to be sent
to the processor where the queue is then modified.

d) Change Procedure - This key provides a display which permits
the operator to modify, select or cease system operation.
Typically, this feature is an overall control procedure
which should be assigned to only one of the on-line stations.

e) System Breakpoint - This key is essentially an external interrupt
which performs two functions. The first is to save-store system
status for rollback purposes in case of hardware failures. The
second is for modifying the system configuration or operating
procedure.

Status Indicators

Status indicators reflect the composition of the configuration,
intermodule communication situation, internal machine control situation
and system operating modes.

a) Power On - Indicates whether console is in operating mode.

b) Processor not Communicating - Indicates if the communication

between console andprocessor has lapsed more than some pre-
established period of time (say 500 milliseconds).
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c) Queue Full - Indicates that the internal task queue is
full, and that no further inquiries can be made of the system.
d) Message Ready - Indicates that a message has been generated

by the processor for the operator. The operator can select
this message on the above-mentioned Display Message key, which,
when selected, turns this indicator off unless a second message
is also present.

e) Operating Mode - Indicates which mode is currently in operation.
An indicator is dedicated to each operating mode identified by
the system.

f) Configuration - Indicates which peripherals are on-line with the
system. An indicator is dedicated to each of the relevant
devices. This indicator is useful as a means of assigning perip-
herals to different consoles, It is used to display legal or
illegal connections for any one console.

Error Indicators

The following alarm indicators are indicative of the signals that
are useful to the operator. These indicators have an associated
button with which the operator can cause a ''reset'' action to take
place and attempt the procedure once more. The indicators should
be placed in an obvious position so that the operator will be
cognizant of alarms. One procedure is to cause the indicator to
blink on and off at an appropriate rate, say twice per second.

a) Parity - Indicates parity error in transmission from, or to,
the console.

b) Keyboard Locked - Indicates that illegal use was made of the
keyboard, such as pressing two keys within a disallowed time
interval.

c) Data Entry - Indicates that some rule regarding data entry on

the CRT was violated.

d) Procedure - Indicates violation of order regarding the use of
the function keys.

e) Control - Indicates violation of rules regarding the use of a
control key.
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2.3.5 System Design Steps and Considerations

2.3.5.1 ldentification of Evaluation Parameters

The determination of ''best' display is a function of system balance
where cost, computer programming, and demands on the computer must be

measured for the application.

While the first of these is evident and simple - i.e., a dollar cost
for the display and all interface boxes and cables - the second is more

elusive, while the third is often a neglected consideration.
2.3.5.1.1 Display Hardware Costs

Display hardware costs are not only measured by the cost of the
particular keyboard and CRT unit but must also include the black boxes
and cables which connect the device to the processor. Total display sub-
system costs are also a function of number of units. Since displays are
of ten custom designed to each user's specifications, single unit purchases
are usually more expensive than buying them in lots of five or more. Also,
in many cases, parts of the hardware can be time shared, and the unit price

decreases as the number of units increase.

It is desirable to consider alternatives in system configurations since
cost is related. There are several methods for tieing the on-line device
to the computer. The appropriate method for each application must be
determined during the system design when the system equipment is being

specified.
2.3.5.1.2 Computer Programming Requirements

The use of on-line communication devices places software requirements
upon the total system. The extent of the software which is developed will
depend upon the specific features provided by the hardware. For example,
the programming developed for a specific display console connected to a

CDC 160 computer system is given in Figure 2-19.



CDC 160 PROGRAMS

PROGRAMS
MASTER CONTROL PROGRAM 150
A/N SUBROUTINE 125
A/N LEGALITY 15
CHARACTER TO CRT DISPLAY 32
COMPUTER MARKER POSITION 20
MARKER KEYS PROGRAM 131
ENTER/CANCEL 20
REGENERATE CRT 14
ERROR LIGHTS SUBROUTINE 17
TAPE SEARCH ROUTINE 246
CRT DISPLAY 20
DISPLAY REQUEST QUEUE 16
CRT DISPLAY TO 1604 46
CHANGE REQUEST QUEUE 19
MODE /MODEL CHANGE 186
STOP MODEL 3
NO DISPLAY 37
CLEAR DISPLAY 29
DUPLICATE DATA BASE 3
1604 ON-LINE 18
1604 MESSAGE READY 104
INSERT ROUTINE (&) 155
DELETE ROUTINE (2 96
OVERLAY [NTERPRETAT ION 556

PROGRAM

SEQUENCE DISPLAY 86

BUFFERS
CONSTANTS 64
CRT DISPLAY IMAGE 448
CONSOLE  LIGHTS 5
OVERLAY TABLE 512
SUPPLEMENTARY RECORDS 256

TOTAL WORDS 3429
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Figure 2-19
Programs for a Display Console Connection to a CDC 160,
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2.3.5.1.3 Demands on the Computer

To analyze the demands on the computer system by on-line consoles
it is necessary to define a problem mix and the detailed types of operations
that will be employed in the execution of the task. The typical problem

studied is the composition of a query to the data processing system,

To carry out this job, the operator will:

a) Depress function key 1

b) Get positive response that key 1 was depressed
c) Computer presents a display on the CRT

d) Enter data into display

e) Visually validate inserted data

f) Make corrections to inserted data if necessary

g) Signal end of entry

While this sequence of user/operator events is underway, the computer

is engaged in a number of actions paced by the speed of the console operator.

The conclusions are to be drawn. First the tieing of on-line displays

to a computer will require dedication of memory.

The second conclusion concerns the amount of computer time actually
used by the displays for display activity independent of retrieval, formatting,

and presentation.

The third conclusion concerns the potential traffic problem which
multiple consoles may cause with respect to the data channel to which they
are connected and with respect to the 1/0 transfers required between auxiliary

storage and processor and in the processor itself.

Using the data presented earlier as a basis, we can obtain an upper limit
on waiting for a multiple console system. We assume a worst case model where
the total processor and 1/0 time of 1.5 seconds is lumped together as the service
time. Using the theory associated with Poisson processes, we can estimate

the waiting time form knowing the service factor. This number is the ratio

of service time to total elapsed time between requests and is 1.5/30 or 0.05
for the problem at hand. The results of the traffic analysis are given in
Figure 2-20 where a service factor of 0.03 is also added. The latter figure
leads to a model which assumes buffering and better organization of the

processing tasks.



Probability of n Consoles

requiring service Cumulative Waiting Probability
Number of Service Service Service Service
Number of Consoles Factor Factor Factor Factor
Consoles Waiting = .05 = .03 = .05 = .03
0 0 .538 .712
| 0 .269 .214
2 1 L121 .057 121 .057
3 2 .049 .013 . 170 .070
4 3 .017 .003 . 187 .073
5 4 .004 .001 . 192 .074
6 5 .001 .000 . 193
7 6
1.000 1.000 .193 .074
Figure 2-20

Probability of n Consoles of Ten Requiring Service at
the Same Time

SL-¢
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The results shown that a waiting time will exist 197 of the time for
the 0.05 service factor. Since the service time is |.5 seconds, the average
wait on the waiting line will be sligyhtly under 3 seconds. For the second
model, a waiting line will exist about 7.47 of the time. The average wait on

the waiting line will be approximately one service time of 1.5 seconds.

These results are sufficiently favorable and tolerable that in a practical
sense the console operations will experience no appreciable waiting, especially
when it is realized that these statistical estimates reflect a pessimistic

mode 1.



2.4 INPUT/QUTPUT TECHNOLOGY

2.4.1 Classification of Input-Qutput Technology

input-output technology deals with the techniques which a computing
system uses to communicate with the outside world. Functionally, there are
two different classes of subsystems in the outside world with which the
computer must exchange usable information. The first subsystem is the
human, who communicates in a wide variety of non-exact languages that require
elaborate interpretation. The second class of subsystem is the non-human
or machine, which uses a relatively smaller number of languages, all of
which are exact and defined. These two problem domains are quite divergent.
The relations of man and machine in a typical military information system

are shown in Figure 2-21.
2.4.1.1 The Man-Machine Interface

Although a machine (and its attachments) is quite versatile in its
ability to sense a wide variety of inputs, e.g. visual, sound, pressure,
radiation, etc., man is capable of producing only two outputs which are

relatively controllable. These are sound and pressure or motion.

2.4.1.1.1 Sound

The human is able to produce a greater bandwidth of information
vocally than in any other manner. This information is produced with
built-in identification characteristics such that two people may be talking
at the same time and yet their conversations may be distinguished from each
other. Unfortunately, the associative characteristics of human thought are
such that it is difficult for the same person to express himself in exactly
the same terms twice in succession, and it is nearly impossible for two

different people to express the same thought in the same manner.
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Although sound input transducers for computer usage are relatively
inexpensive, vocal human interface is seriously hampered by the lack of
an interpretive concept to allow the machine to understand the wide
varieties of expression that a human may produce, even when vocalizing

B
a concept held constant,

2.4.1.1.2 Pressure or Motion

The only alternative means of man-machine communication is the use
of pressure or motion. Here, a human is quite inefficient, being able
at a peak to produce only about three hundred controlled, distinguishable
yes-no motions per second. At this rate, the motion must be of a reflex
nature and the data involved must be preconceived and prerecorded. The
16-key adding machine operator can copy data at a peak rate of about 20
numeric characters per second, when selecting these characters from a
total of ten possibilities. A good typist can select from about 50

characters at the rate of ten per second.

It is evident that although the action speed increases as the choice
is reduced, the total bandwidth of information that can be transmitted
increases as the action rate is reduced; thus, even greater information
flow can be created in a situation in which a computer presents to a human
a number of complex alternatives and the human makes a selection of the
alternatives he wishes. Here, although there is a yes-no decision made by
the human, the information content of this yes-no decision is quite great
because of the human's preprocessing of a volume of data to make the

decision.

% Numbers refer to references listed at the end of each subsection.
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2.4.1.1.3 Human Language Interface

There exists a category of information transfer in which the information
to be transferred is machine recorded in a human language. To further
process this information, it is necessary for the machine to be able to
read the human language even though the data itselfl is not being, ut this
point in time, originated by the action of a human. Typical of such
human language interface machines would be character recognition
equipment. The problems in the design of such equipment are similar

in nature to those that occur in the design of equipment where the date
is actually originating with the human.2 All the vagueness and lack

of exactitude of human language exist within the data and a rather
sophisticated means of interpretation js required.3 One might think,
however, in just reading and transferring, that this can be done by
blind rote if the meaning does not have to be deciphered. The parallel
is not really exact since the data is only being transferred as over a
communication link, and a true man-machine interface does not exist.
Telephone lines certainly deal with the human language but they need a
human at each end. Whenever the data has to be entered into a machine
for the machine to operate on the data, the interface exists and the

problem of data interpretation has to be solved.
2.4.1.2 Machine-Man Interfaces

Sensitivity of a man is such that he is quite limited in the number
of techniques b. which he may receive a reasonable quantity of meaningful
information. There are in fact, only two channels available with useable,
effective bandwidths. These are visual and auditory. Through both
channels the man is able to sense a wide disparity of information, select
that which is of interest to him, reject all superfluous information, and

fill missing gaps from context or redundancy.
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The computer, on the other hand, is not a particularly good generator
of audio visual information despite the work at synthesizing speech using
canned phrases or phonemes and the sending of audio codes which might be
interesting in some application. Although computers carn genecrate complex
displays, their ability to produce and display visual information in no
way approaches that of the human. This is probable due to its own limited
language structure and the lack of variety in ways in which a computer can

express itself.

2.4.1.2.1 Visual Interface

As the human is an excellent classifier, sorter and filterer for
information, he is capable of accepting a very wide band of visual input,
taking cognizance of those items of interest to him and ignoring all other
items until they reach a status that calls them to his attention or until
he reaches a status that calls them up. The bandwidth of information which
he is able to accept visually is related to the language in which it is

presented and the human's facility to handle that language.

Typical of the languages in which a humancan accept information
visually are:
1) The various printed and symbolic representations of

spoken languages,

2) Non-spoken symbolic representation languages such as mathematical
formulae and chemical formulae,

3) Geometric forms, diagrams and other forms of special
relation intelligence,

4) Miscellaneous visual differences such as color and motion.

As there is a great deal of difference in the technology necessary to
generate these different forms of visual presentation, and as the different
forms are used for quite widely divergent functions, visual interface will
be discussed in two separate parts of the technology study. The printed
and symbolic forms of spoken language, some type of graphic and geometric
communications and display of formula, when presented on a permanent

document, will be considered under input-output equipment. All forms of
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visual communication, when not created {or record purposes, will be
considered as display equipment. |In present day connotation, display
equipment implies a degree of real-time response or rapport between the

human and the computer.

2.4.1.2.2 Auditory Interface

Audi tory interface between a computer and a human can exist in two
different ways. The human can be trained to recognize some form of
auditory output of the machine code. Such an artificial system could
be devised to allow the machine to generate Morse Code.®* Changes in
repetition rate of a signal may shift the frequency of a tone, or
""operate'' commands can ring a bell. All such forms of sound discrimination
provide a very narrow bandwidth of communication between the machine and

the human.

An alternative means of sound communication between the machine and
the human is to allow the computer to generate, or select from storage,
an appropriate series of phonetics, words or phrases and assemble them

into a meaningful spoken sentence.

A human receptor is quite capable of tolerating and filtering out
noise and other unmeaningful trivia and, where necessary, filling in
missing gaps from context. Even a relatively crude human vocal
simuiation can transmit meaningful information between the machine and
the human. The human can receive a bandwidth up to 300 words per minute

and at relatively low noise levels.

% This has, in fact, been done to allow a program to send over its
audio console monitor, the path which a complex program is taking during its
cycling in non-real time (or free-time) .



2.4.1.3 Machine-to-Machine Communication

The problem of communicating from one machine Lo another is quile
different from that of communicating from a man to a machine or a machine
to a man. The difference is that the human has already been designed and
his limitations must be accepted, whereas a machine may be designed to do
a specific job. The result is that a machine may use any media for
communication with any other machine and the two machines may jointly use
any conceivable coding system. Machine-to~-machine communication, therefore,
is essentially a question of coded energy transfer. The efficiency of
machine-to-machine communication depends upon the efficiency of energy
transfer of the media selected and the true data content of the coding
system used. The reliability of the communication will depend upon
the redundancy of the code used and the amount of noise or interference

. . . . 4
which occurs during the communication.

Two different sets of criteria may be used in the analysis of machine-
to-machine communication. These are:
1) The function of machine-to-machine communication

2) The technique of machine-to-machine communication

2.4.1.3.1 Machine-to-Machine Communication Functions

1t is obvious that the prime function of machine-to-machine communica-
tion is the transfer of data; however, this data may be transmitted to or
from a machine to provide data which the other machine will work upon, or

it may be transferred to the machine to control the machine.

Such control data, unlike information data, frequently requires the
transmission of power to drive a unit, (e.g. close a relay, close a valve)
or it requires the transmission of an analog, (e.g. a change in voltage, a
change is pressure, etc.). Although not frequently recognized by the
digital engineer when he lifts the level of a line or pulses a line with
an on or an off pulse, he creates an electrical analog of the opening and
closing of a switch which in turn opens or closes a second switch. Such
control information may be considered analog unless it is transmitted

through a series of digitally coded pulses.



The most efficient means of transferring information from one point

to another is usually the use of digitally coded data. Efficiency is
gained by allowing more than one type of data to be transferred over a
single line. Where a line exists between two points, any combination of
pulses may be transmitted over this line. The data transmitted over this
single line may be used by a multiplicity of different types of cquipment
all attached to the common line but each equipment capable of listening

for its own coded ''call signal'' and decoding the data that follows.

2.4.1.3.2 Techniques of Machine-to-Machine Communication

As with man-to-machine and machine-to-man communication, the two
critical factors involved with machine~to-machine communication are the form
in which the data to be transmitted exists and the efficiency of compatible
transmitting media. There are essentially three classes of data trans-
mitting media available to the computer designer, These are:

1) Mechanical transmitting media including pressure, movement, sound

2) Electrical conductivity

3) Electromagnetic radiation including heat, light, and radio waves

Within each of these three major categories, there are many sub-categories
which could receive consideration for data transmission in some special

application.
2.4.1.3.2.1 Pressure, Movement and Sound

This study is concerned with communication of data from one machine
to another rather than a broadcast of data for general receipt. Pressure,
movement and sound media must be considered as directed or ducted devices
when the data is transmitted from one machine to another. In general, the
frequency response of pressure, movement and sound systems is much lower
than that of electrical conductors. In addition, the propagation rate of
sound is very much lower than that of electricity, resulting in undue delays
where a feedback system is involved. The one greét advantage of pressure,
movement and sound systems is that they have the inherent ability to transmit
relatively large amounts of power from one machine to another and have,

therefore, found application in the process control field. |In some cases,
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it has proved to be economical to use these media as a form of data
communication by virtue of the fact that the data already existed as a
pressure or movement and would be used as a pressure or movement by the

receiving machine.
2.4.1.3.2.2 Electrical Conductivity

At this time, most of the technology used in the design of digital
computing equipment utilizes the controlled flow of electrical energy along
wires. As a result, all input must be converted into electrical pulses and
all output exists as electrical pulses unless otherwise converted. There
appears little likelihood that there will be any change in this situation within
the next 20 years. |If anything, better transducers, microminiaturization of
equipment, larger production volumes, and improved production techniques
probably will produce an even more entrenched position for the electronics
industry. The communication media required for electrical conductivity (a
length of wire) is inexpensive. |t has a very high propagation rate and
a wide bandwidth. In most cases, no transducers are involved since the
information both exists, and is required, in electrical form. Without
doubt, electrical conductivity will continue to be the major means of

machine-to-machine communication in the 1970-1980 period.
2.4.1.3.2.3 Electromagnetic Phonomena

Electromagnetic phonomena including radiated heat, light, and radiowaves,
have a propagation rate roughly equal to that of electricity in wire. They
possess two drawbacks in their application to machine-to-machine communication:

1) They do not readily lend themselves to ''ducting' and, therefore,
dissipate large amounts of energy in the process of transmission
and allow the receiver to pick up unwanted energy from other sources
requiring that the unwanted energy must be filtered out.

2) The transducers required to create a carrier, modulate it, receive
it, radiate it, demodulate it and amplify it are relatively less
reliable than equipment designed to transmit through a fixed
conductor, and their use must be justified and more expensive.

Electromagnetic radiation, does, however, have one advantage as a media

for machine-to-machine communication. |t allows the rapid transmission of a
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wide band of data from one point to another when the two poiiits are mobile
in relationship to each other, thereby allowing machine-to-machine
communication when one or more pieces of the system is in motion relative
to the other pieces. |t also allows fast set up of equipment under field
conditions since no interconnections are required. For these advantages,
electromagnetic radiation pays a heavy penalty in cost, complexity, and

unreliability.

2.4.2 Sources of Information

The following sources of information are the ones that have been
dealt with to date. |t is anticipated that as this study continues, there
will be additions made to both the people and companies contacted and the

literature used.
2.4.2.1 SOURCES OF INFORMATION - PEOPLE AND COMPANIES

Analex Corp.
Mr. John Simms
Disc Files and Printers

Army Electronic Research & Development Group, Computer Division
Ft. Monmouth, New Jersey

Input-Output Equipment

Mr. Burkhart, 53-51241

Mr. McGee, 53-51446

Bridge, Inc.

Philadelphia
Mr. Lou Sauerwin

Card Readers and Card Punchers

Bryant Computer Products
Disc Files

Control Data Corporation

St. Paul, Minnesota

Mr. Bob Windsor

Peripheral Equipment Dept. Computer Division
Mr. D. E. Lundstrom

Product Planning Peripheral Equipment Division

Cook Electric
Incremental Magnetic Tape Recorder

Data Equipment Co.

Tustin, California

Digital Plotters Graphical Input Methods
Mr. Raymond Davis
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Digidata Corp.

4908-46 Ave.

Hyattsville, Maryland

Phone: 301-277-9397

Incremental Magnetic Tape Recorder

Digital Equipment Corp.
Maynard, Massachusetts
Analog-to-Digital and Digital-to-Analog Equipment

General Dynamics Electronics

San Diego, California

Mr. James Redman

Manager, Gov't. Requirements

Mr. R. Glaeser

Manager, Requirements Research Printers

General Kinetics
Variable Speed Magnetic Tape Reader

Honeywell Corp.

Boston, Massachusetts

Mr. Vince Porter and Mr. Dave Bernard
Input=-Qutput Equipment

Philco Corp.
Mr. Gordon Gibbs
Character Recognition

Potter instrument Co.
Magnetic Tape Transports, Printers

Radio Corporation of America Laboratories
Princeton, New Jersey

Dr. Jan Rajchman

Solid State Magnetic Tape Unit

Soreban Engineering, Inc.
Melbourne, Florida

Royal McBee Industrial Products Division
Paper Tape Equipment

Sylvania Corp.

Newton, Massachusetts
Mr. D. Lilly

Read-only magnetic Cards
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Sylvania Corp.

Newton, Massachusetts

Mr. R. D. MacNaughton

Mr. R. A. Barbary

Militarized Magnetic Tape Transport

Tally Corp.
Seattle, Washington
Punched Paper Tape Equipment

Uptime Corp.
Punched Card Equipment

Wyle Labs
Mr. E. Gamson
Input-Output Keyboard & Display Unit

2.4.2.2 Sources of Information - Literature

A list of references pertinent to the study of input-output technology
is given in the Bibliography. Some of the material presented in subsequent
parts of this section has been extracted from these references. During the
remainder of this study, the more pertinent and important of these references
will be studied in more detail and new references reflecting materials pub-
lished or discovered subsequent to the preparation of this Bibliography

will be included.
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2.4.3 Input-Output Technology Characteristics Required for ANTACCS
and Their Application in the Naval Environment.

This Section is largely a requirement function and, therefore, it
depends heavily upon information to be obtained from the study being
performed by Booze Allen Applied Research, Inc. Work on this section
has, therefore, been postponed until better information is available as
to the requirement of future Naval Tactical Data Systems and the environment
within which they are expected to operate. It is anticipated that the
requirement study will furnish information as to the data flow, the sources
of data, and the form in which the data occurs or is required. Such
information will allow us to obtain a better perspective of the input-

output technologies in relationship to the Naval environment.

2.4.4 Current Status Review

The purpose of this section is to provide a review of current
technology in the input-output area. |t is intended that the technology
covered be that technology embodied in currently existing equipment and

modifications of current practice,
2.4.4.1 Man-machine Interface

Currently, the man-machine interface has not been heavily exploited.
In most computers, there is a man-machine interface in the form of an
alphanumeric keyboard and some function switches, both of which are
usually used only in conjunction with program debuging and machine
operations. Other than this, the man-machine interface seems to be
limited to the command and control area where the human must be interfaced

as a part of an open loop control system.

2.4.4.1.1 Sound

There is no known present equipment where a human generated sound
is used as a computer input. Laboratory work is being done in this area
and will be discussed in a later section. However, it is not possibie
for the systems designer to specify a human generated sound input for

current or near current delivery.
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2.4.4.1.2 Pressure or Motion

There are three classes of pressure or motion devices that are currently
available. These are keyboards, function switches, and position indicators.
Theoretically, any of these may be used either off-line or on-line. In
practice, certain types of information such as instructions in human language,
are stored up for later use while other types of information, such as function
selection, are used as a part of a feedback loop.

1) Keyboards

Keyboards are designed primarily to enter symbolic representation

of human spoken languages. These symbols or letters are usually sup-

plemented with other non-spoken symbology. Keyboards may be numeric,

alphabetic, symbolic or any combination thereof; they can be designed

to meet any need.

Although many non-standard keyboards are designed for special purposes,
there are three standard keyboards that are accepted in this country:

The alphanumeric or typewriter keyboard, the numeric ten key keyboard,

and the numeric bank or columnar keyboard. There are many variations

within each of these standards. However, there is enough standardization to

allow the training of personnel in their operation.

Alphanumeric keyboards are designed to operate at a peak repetition
rate for a single character of ten or fifteen times per second. As
must alphanumeric keyboards are not interlocked to prevent the
simultaneous depression of characters, it is possible to operate
such keyboards at speeds up to 20 characters per second providing
that the same character is not repeated in sequence. Typical
operator rates are about five characters per second when copying

from legible data.
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Ten-key numeric keyboards are designed to be operated by one hand
using the middle three fingers for the digits | through 9 and the
thumb for zero. There is no horizontal movement of the hands required
in such a keyboard and it is possible to obtain fast operator
speed. A trained operator can produce output at the rate of ten to

twenty characters per second for reasonably long periods of time.

The bank or columnar keyboard provides a column for each digit
position. Each column contains all of the digits which may be inserted
in that position, usually 1 through 9. This keyboard is a type of
forced entry device in that the format is produced in all zeroes except
where digits have been added. Further, it is impossible to enter an
unacceptable digit in the wrong column. This is avoided by omitting

unacceptable digits from the column for that digit position.

The bank keyboard is frequently used in applications where close control
over the entry is required. Unlike the ten key keyboard, the bank
keyboard is operated by hand movement rather than finger movement and
requires the entry of only non-zero digits. A trained operator will
enter more than one digit at a time in the bank keyboard by pre=-
positioning her fingers prior to moving her hand to the keyboard

and depressing it. In this manner, the number 871,532,000 would be
entered in two movements or key depressions. The 8, 7 and 5 (digits
1, 2 and 4) would first be entered as a single movement by the
operator. The operator would then lower her hand on the keyboard

and enter the digits 1, 3 and 2 (digit positions 3, 5 and 6). The
last three zeroes would not be entered as they are already standing in

the machine.

This type of keyboard is particularly desirable where dealing with large
numbers that include a number of following zeroes and in applications
where a format control is required. Each column is usually inter-
locked so that not more than one number can be entered. It is,

possible to make an error by depressing the wrong digit key. However,

it is difficult to make an error in the magnitude of the number such
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as might be made with a ten key machine by omitting the last zero
or by inserting an extra zero accidentally. Further, as the bank
keyboards retain the entered information until released, it is
possible to inspect the number prior to entry, and where a series
of numbers are to be entered in which only one or two digits are
changing, it is possible to let the numbers stand and change only

the varying digits.

2) Function Switches

Function Switches represent a form of selection device in which
the operator indicates to the machine that he wishes to make a change
and have the initiated action taken or not taken by the machine.
Usually the function switch is a two-position switch, although it may be
a rotary switch or a multiple depression switch in which the color of
a light changes with each depression. Function switches may be used
singly or they may be used in groups whereby the selection of one
function switch from one group modifies a selection of another function

from another group.

A systems designer's greatest problem in the use of function switches
is usually where to put them. Since each switch represents an idea

or ''concept communication'' to the computer there are usually not

enough '""finger holes'' available to the operator to express all of the
ideas that he wishes to communicate. One approach which has been

taken to this problem by designers of command and control consoles is
to produce a matrix of switches, each of which generates the unique
code. This matrix is covered by an overlay which identifies the
function of each switch within the matrix (See Fig. 2-22). The matrix
overlay is, itself coded in a manner that the computer can sense which
overlay is being used, and therefore, by first sensing which overlay

is being used and then sensing which switch is being depressed can tell
the function to be performed. |In this manner, a 10 x 20 matrix of
switches with 100 overlays could be used to provide unique identification

of 2,000 separate functions. The obvious problem in such a system is
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that it takes an excessive amount of time to sort out the correct overlay

and position it.

Another approach to the problem is to allow the computer to generate

a series of labeled boxes or points on a display, and allow the

operator at any time to select any one of these with a light pen or
similar device. In this manner, it is possible for the computer

to keep the operator continually informed of what switches it is

capable of accepting information from. Further, if there are a large
number of ''overlays'' that the computer uses, it is possible to allow

the computer to display a number or description for each overlay
allowing the operator to select the one which he wants and then choose a

switch on an overlay.

Figure 2-23 shows a typical series of operator steps in using funct:on

keys.

3) Position Indicators

A wide variety of position indicators suitable for computer
input are currently available. They include light pens, panagraphs,
etc. Most can be used either on-line or off-1line. They depend upon

digitizing a series of points of a geometric figure.



Signal End
of Entry

Start
< Modify
1
A
Press Key
1
\
Coinputer Presents
a Display on the
CRT
Is
Take Next
Data .Engy Directed
Reqx;lre Action
Yes \ End of
Sequence
€ !
i
Enter Data
into Display
Validate Error Make
Entered Data Correction

Figure 2-23 Typical Series of Operator Steps in Using Function Keys



2-96

2.4.4.1.3 Human Language |Interface

The present state-of-the-art of human language interface is currently
in the data collection stage. The primary group of devices in this category
is character recognition equipment used for alphanumeric and symbolic input
from printed and handwritten media. There are currently devices available
which can read limited fonts of printed data. Further work is anticipated

in this section during the next three months.
2.4.4.2 Machine-Man Interface

2.4.4.2.1 Visual Interface

Two forms of recorded visual interface are currently used as computer
output equipment, printed and graphical. Although it is possible for printing
equipment to produce graphical output in the form of a series of dots, bars,
etc., and for graphical output equipment to produce printing to label the
graph, they are separate and well defined classes of equipment which are best

separated for detailed study.

2.4.,4.2.2 Printed Qutput Devices

Two basic types of printed output devices are available for use under
machine control. They are: the line printer, which produces a line of print
at a time, and the character printer or mechanized typewriter, which produces

one character at a time.

2.4.4.2.3 Line Printers

Line printers are computer output devices designed to provide a recorded
form of human language and symbolic language interface between machines and
man. They are designed to print one line of data at a time with the result
that a printing speed is dependent on the number of lines printed and independent
of the number of characters printed per line or of the total number of characters
printed. Such printers can be divided into four classes according to their

functional printing characteristics. These classes are:
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Electromechanical

)

2) Electro-optical
) Electrographic
)

Magnetic

1) Electromechanical Printers

Electromechanical printers are characterized by their ability to
produce carbon copies. The structure of these printers is such that the
paper is set between the controllable mechanical character forming device
(type) and a backing. These two are brought into contact at an appropriate
time creating pressure between them thereby transferring ink from a ribbon
or other source to the paper. This forms the character on the paper. Since
mechanical pressure is involved, this machine can produce carbon copies.
Since electromechanical printers depend upon an ink transferrence process,
it is necessary to somehow renew the ink supply. Moreover, unprepared papers

can be used with these printers.

To more readily explore the state-of-the-art of electromechanical
lTine printers, we may divide them into the following seven groups:

a) Rotating Drum Printers

b) Impact Wheel Printers

c) Matrix Printers

d) Stylist Printers

e) Chain Printers

f) Stick and Rack Printers

g) Miscellaneous Printers

a) Rotating Drum Printers (Fig. 2--2L4)

The rotating drum printer is characterized by a solid drum or series of
wheels joined together on a shaft which contains one or more complete type
fonts for each column position to be printed. An inked ribbon is passed
slowly in front of the type font to provide the source of ink to be transferred.
Paper is fed between this inked ribbon, and a hammer or actuator strikes the
back of the paper when the desired character is opposite the hammer position.
The pressure of the hammer is thus transferred through the piece or pack of
paper to the carbon ribbon and thus to the surface of the character on the

drum.



Selection of characters is accomplished by indexing the position of
the drum and {iring the hammer at the appropriate time to print the
desired character. Rotating wheel printers are characterized by clean,
high-quality impressions of individual characters. However, there is a
tendency for smear of the horizontal parts of letters and numbers at high
speeds. such printers are plagued by more or less serious problems of

hori.ontal alignment as a result of timing differences between hammers.

Type Font

Tape Wheel
or Cylinder Paper Movement

Paper

+ 4 Carbon
“4———————— Paper

Hammer and Actuator per

<« Printing Position
[ fe—

Side View

Ink Ribbon

Figure 2-24 Rotating Drum Printer



b) Impact Wheel Printers (Fig. 2-25)

Impact wheel printers are « class of line printer commonly used in
adding machines. Such printers are usually limited to numerics and
few symbols, and they operate at relatively low speeds. In this class of
printer, a separate wheel is provided for each column position containing
all of the digits to be printed in that position. An indexed stop is used
to cause the wheel to stop rotating at a point so that the character to be
printed will be opposite the print position. All wheels are roteted until
they reach a stop position, at which time they are thrown forward &geinst
a platen. Interposed between the type and the platen is a carbon ribbon

and the paper to be printed.

Paper Movement

Tape Wheel /

Print
Motion

Side View

Ink Ribbon

Figure 2-25 Impact Wheel Printer
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c) Matrix Printers (Fig. 2-26)

The matrix printer is a mechanism for impressing o number of "dots'
on paper to form a character. The dots are formed by the ends of wires
which are moved forward by energy supplied from an actuctor. These wires are
usually placed in a rectangular array causing the printing of a 5 x 7 dot
matrix (the smailest matrix which will print all alphabetics ond numerics) .
A character generation device must be used to determine the dots necessary
to print the selected character. The number of actuators required for this

approach is very large since each wire requires a separate actuator.

As the wires forming the character are fired against the paper through
an inked ribbon, the printing occurs from the front rather than the back as
with the wheel or cylinder printer. The result is that such printers are
capable of producing a greater number of carbon copies than are printers
which require that the impact be presented from the back of the pack of
paper. Ten or so carbons are usually considered maximum even with relatively
thin paper. The use of asmall number of wires or dots to form a character
results in a low print quality; however, this may sometimes be partially
compensated for by the improvement in alignment that results from the
simultaneous firing of all wires. Since the character forming matrix is
external to the machine, a large number of actuators is required, and sinrce
the wires that transfer the force to the paper are small and delicate, these
systems require a very high level of maintenance to stay in operation, and

they are very complex in their construction.

1 Character

Wire Matrix /" Paper Movement
5x1

«Paper
Carbon
Paper

s n— Caniage

|
il

Side View
Ink Ribbon

Figure 2-26 Matrix Printer
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d) Stylus Printers (Fig. 2-27)

The stylus printer, though an outgrowth of the matrix printer, is quite
different in its concept and performance characteristics. As with the
matrix printer, a web of paper is passed over a carriage behind an inked
ribbon. Printing is by moving a series of styli horizontally between the
inked ribbon and a series of actuators (usually one actuator is used for
each character position). As the styli move horizontally across the paper,
the actuators press them against the inked ribbon at those points where the
black part of a letter is crossed. The result is a line of characters composed
of a series of horizontal lines that are spaced closely together. The effect

achieved is much the same as that obtained by a television raster.

Paper Movement

- Paper
— Carbon

1 Character
Wire Stylus

)

Ink Ribbon Side View

~—————— Carriage

Figure 2-27 Stylus Printer
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e) Belt and Chain Printers (Fig. 2-28)

Belt and chain printers are much like wheel and drum printers in
their configuration in that an inked ribbon is interposed between the type
and the face of the paper, and the character to be printed is selected by
firing a hammer against the back of the paper when the selected character
reaches that hammer position. The major difference between the two classes
of printers is that in the chain printer, type travels parallel to the
line of print, and in the wheel printers, type rotates perpendicular to
the direction of paper travel. Belt and chain printers are able to produce
about the same quality of print, the same number of carbons and with the
same speeds as wheel or drum printers. The horizontal movement of the type
reduces the horizontal alignment problem that results from the vertical type
movement of wheel printers; however, substituted for this is the problem
of vertical alignment. Specifically, the horizontal movement of the chain
tends to drag the paper in a direction of chain movement and thus pulls the

printing out of registration with the background printed on the paper.

Flexing required by the chain or belt limits the top speed that can
effectively be reached with the chain printer to somewhat below that which can
be reached by the wheel or drum printer in which the type does not flex.

Since the chain is travelling in a direction horizontal to that of the paper,
it must be at least twice as long as the total line length of the paper.

If the line length of the paper is 13 inches (130 characters) it follows

that the chain must contain more than twice this number of characters to
double back upon itself. The result is that the type font is usually

repeated several times on the chain.

Top View

/ N Type Font

~———— Ink Ribbon
_______________ ~€ Paper
E——— carbon

G \
1 Hammer and

Actuator per
Printing Position

Paper
Paper Movement Up

Figure 2-28 <Chain Printer
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f)  Rack and Stick Printers (Fig. 2-29)

Rack and stick printers are an early class of line printer widely used
in tabulating equipment and adding machines. Such printers use a bar of
type for each columnular position. This bar holds individual sprint loaded
pieces of type for each character to be printed in that columnular position.
During each print cycle, the bar of type is raised vertically until it
reaches a stop which holds it at the position of the character to be printed.
When all type bars have been raised to their print position, the print
hammers (one for each type bar) are fired against the type bars, thus
extending simultaneously selected pieces of type from the type bars. This
type impacts against a ribbon transferring ink to the paper which is supported
on a platen or roller. During the print cycle, no horizontal or vertical
movement of the paper or the type takes place. As a result, it is possible
to obtain accurate control of horizontal and vertical alignment upon the form.
Type impact is through the ribbon to the front of the form allowing a greater
number of copies than can be obtained with the back-hitting technique used

by the rotating wheel and chain printers.

Rack and stick printers are inherently slow as the stick or rack of
type represents a large reciprocating mass. This, combined with the large
number of moving parts, tends to require a relatively higher amount of

maintenance per million lines printed than more modern types of printers.
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g) Miscellaneous Printers

The hypocycloidic printer, like the stick printer, forces type against the
face of the paper with no relative horizontal or vertical movement between
the type and the paper during the movement of impact. The type is contained
on a type drum in much the same manner as it is on a wheel or drum printer.
Unlike the drum printer, the type cylinder of the hypocyclidic printer does not
revolve about its center line; rather, it is geared to provide surface motion
that advances a line of type perpendicular to the center of rotation, then

retracts and rotates one character position.

Although the drum is in continuous rotation at the moment of peak
advance, there is no component of relative rotational movement. The result
is that printing obtained from such a system exhibits no smear and, except
for paper wrinkling, will always be in excellent horizontal and vertical

alignment.

Printing may be accomplished either by firing a hammer against the
back of the paper or by fixing a stop in position at some time prior to
the advance of the type. This stop may be fixed in a forward print position
or removed to a no print position. When the line of type advances to the
stop, it impinges upon the paper and presses it against the stop when it is
in a print position. The stop is not reached and thus no pressure is applied.
in a non print position. Such an arrangement requires some flexing in the
paper and does not lend itself to the use of a carbon ribbon. Instead, the
surface of the type is inked as it would be in a letter press. Conventional
inks dry and cake on the face requiring frequent cleaning, so aniline dye

is usually used.

Hypocycloidic printers are not well suited to printing many columns or
large type fonts since the requirement for strength in the central drive
shaft becomes too great. They can effectively produce a limited number of
columns of numerics or mixed numerics and symbols. Speed of such devices
is relatively slow because the internal drive shaft must make one complete
revolution for each character printed. Thus, to print at 100 lines per minute
from a 16 character type font, the central shaft must revolve at 1600
revolutions per minute. Hypocycloidic printers have found some application
in military situations due to their small number of moving parts and relatively

good reliability at low speeds.
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In summary, the characteristics of electromechanical line printers

are compared in Table 2-2.‘)’6’7

2) Electro-Optical Printers (Fig. 2-30)

The electro-optical printers print by the projection of a direct optical
output onto a sensitized surface which is then developed to provide a printed
output. As the optical output and character generation equipment used is the

same as that used in displays, it will not be discussed in this section.

Probably the best example of an electro-optical printer is the
General Dynamics/Electronics SC7330 Printer. This printer is rated at
3000 to 5000 words per minute but can operate over a range of 10 characters
per second (100 words per minute) to 71,000 characters per second (on a line

basis) . The particular printer is designed to print 128 characters per line.

The image generated on the face of the Charactron tube is projected
through an optical system onto a sheet of plasticized paper which has
previously been given a surface charge. Since the Charactron tube presents
the characters in serial fashion across the face of the tube, the character
presentation is asynchronous. The light generated from the phosphor is
projected through the optical system and falls on the charged surface of the
plasticized paper. This charge is held on the paper until it is advanced
through a ''dusting'bath. At this point, the surface charge in the location
of the characters attracts fine particles of black polyethylene dust which
temporarily adhere to the surface of the paper. The paper is then advanced
at a fixed rate over a heating element that fuses the black polyethylene

to the surface of the paper, thus completing the printing process.

The process involved is very similar to the Xerographic process except
that the paper is directly charged. The light impinging upon its surface
can be used to ''fix the charge'' and thus attract the '"'ink! directly to the
area to be printed. In the Xerographic process, a selenium drum is used and
an electrostatic charge is placed upon it attracting the "ink'' to the surface
of the drum. The image must then be transferred to an offset roller and then

to the paper itself where it is fused in place. Because of the offset nature



CHARACTERISTICS OF ELECTROMECHANICAL LINE PRINTERS

TABLE 2-2

Print Quality Good Good Poor Fair to Good Good Good
Good
Vertical Alignment Good Fair Good Good Excellent | Excellent | Good
Horizontal Alignment Fair Fair Good Fair Good Excellent | Fair
Number of Copies Produced 6 6 10 10 6 2 8
Speed-Lines/Min 2000 1100 1000 300 150 300 150
(with indicated type font)
Type Font - No. of Characters 64 48 48 64 37 12 12
Type Font - Variable with Yes Yes Yes Yes No No No
Change in Speed
Electrical Complexity Low Low High High Low Low Low
Mechanical Medium Medium | High Low Medium Low Low
Maintenance Requirements Low Low Very High | Medium Medium Low Low
Advantages High Speed

901-2
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of Xerography, it is possible to use any type of paper. However, in the

process used in the General Dynamics/Electronics printer, a specially

plasticized-surface paper must be used. We are informed, however, that

this paper is relatively inexpensive and has an indefinite shelf life.

Advantages of a printer such as this are:

1)
2)

9)
10)

No moving parts except the paper advance mechanism
Very high speed printing

Large type font possible (perhaps 200 characters) without
decrease in printing speed

Type font readily changeable by changing charactron tube
Very quiet printing

Long life, high reliability with low maintenance

Cost

Essentially asynchronous operation

Can be used to present graphical output

Printed output may be used directly as a multilith master

Disadvantages of Charactron Printer are:

1)
2)

Produces only original - oo copies available

In its present form, machine is relatively heavy and bulky.

A similar printer to the General Dynamics unit is the Rank Printer

developed by Rank Precision Industries of England. This unit uses the

Xerographic principle and a standard cathode ray tube with a resistive

voltage divider in the deflection circuits to form individual letters.



2-108

Cathode Ray Tube

[ ;

Optical System

Black
Developer

Powder
Remove Static

Charge

N

s

Fusing Unit

Selenium
Drum

Paper

Transfers Powder

from Drum to Paper
IR
Paper Roll

Figure 2-30 Electro-Optical Printer



2-109

3) Electrographic Printers (Fig. 2-31)

As yet, there has been little commercial exploitation of the electro-
graphic printer as a computer output device. This is probably due to the
requirement for special paper and the difficulties in producing multiple

copies.

The electrographic printer requires the use of specially coated paper
with high dielectric properties. This paper is moved across the matrix
consisting of wires imbedded in plastic. As the paper moves in front of the
matrix, it is charged by the selected application of high voltage to the
matrix wires. The charged image is developed by running the paper through
a hopper containing a ''toner'" or powdered ink in combination with dies
and thermosetting material. The '""toner' adheres to the charged areas of
the paper and is then carried across the surface of the heating element
which fixes the image by melting the thermosetting material enough to fuse

it to the surface of the paper.

Systems of this type have been built by Burroughs and A B Dick. The
Burroughs System employs a matrix of wires imbedded in plastic in standard
5 x 7 form as the character generation media. The system is able to print
at very high speeds, about one or two microseconds per character. As
recording takes place in parallel, paper feed becomes the major speed

lTimitation.

The A B Dick electrographic printer uses a special matrix tube built
by the Stanford Research [nstitute. The tube consists of a cathode ray gun
aimed toward an assembly of fine wires imbedded in the glass face plate.
The electron beam is controlled by character-forming circuits external
to the tube. The wires provide a path for the charge from the beam to
flow outward to a special coated paper in front of the tube leaving the
character as an electrostatic charge on the paper. The use of the vacuum
tube is considered a disadvantage for some applications; however, a much

higher resolution is obtained than can be obtained with the Burroughs System.
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A third family of printers uses a Hogan facsimile stylus print head
and amplifiers. Printing is in the form of a 7 x 11 matrix on a 10 x 15

dot field with 100 dots per inch.

It is possible for the electrographic printer to produce at least two
copies of the same document in a single printing, since the voltage applied
is high enough to pass through two sheets of paper simultaneously. As each
copy produced requires its own ink hopper and heating element, it is not

possible to quickly change from one number of wpies to another.

Advantages of electrographic line printers are:
1) very high speeds

2) possibility of more than one copy

3) ability to form large type font

4) simplicity of electrical design



2-112

4)  Magnetic Printers (Fig. 2-32)

Currently, there are no magnetic printers in production., However,
developmental work has been done by the General Electric Corporation,
Schenectedy; Univac Division, Sperry Rand Corporation, Philadeliphia;

and National Cash Register.

The magnetic printer produces a shaped magnetic field which is recorded
on a magnetizable surface. This surface is then exposed to some form of
magnetic particles which will be attracted to it and form the shape of the
magnetized character. This "inked'' surface is brought into contact with
the paper and the ink is transferred from the magnetized surface to the paper.
The ink is fused to the paper and the magnetizable surface is then erased

for reuse.

The shaped magnetic field may be created by the use of a magnetized
type wheel, matrix or stylus, and the quality of output will depend both
upon the character-forming system used and the resolution obtained in
magnetization of the magnetizable surface. Like all transfer printing devices,
the magnetic printer can produce only original copy. All magnetic printers

require the use of magnetic material in the ink.
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2.4.4.2.4 Character Printers

Character printers are computer output devices designed to provide a
recorded form of human language and symbolic language interface between
the machine and man. They are designed to print one character at a time
horizontally across a piece of paper. Printing speed is directly propor-
tional to the number of characters and control actions that must be taken
by the printing device. The use of this type of device usually requires
a number of special control functions and corresponding special control
codes. Typical of these are: space, back space, precedence, e.g. upper

and lower case.

The character printer is usually used as a communications device, as
a part of a document originating device, as an output on an operator's
corsole, or as a very low speed output device. Character printers are
electromechanical in nature and are, therefore, capable of producing
carbon copies. All operate at speeds between ten and twenty characters
per second and use alphanumeric type fonts. For purposes of detailed
examination, electromechanical character printers can be divided into
five classes:

1) Typewriter

2) Drum Printers

3) Ball Printers

4) Matrix Printers

5) Stick Printers
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1) Typewriters

One of the early forms of character printers was the modified
electric typewriter in which the keys were operated under computer control.
This type of device is still frequently used and is often found without
the keyboard operating solely as a printer. Most such devices are capable
of presenting a font of 44 characters. |f a precedence code is used, 88
characters are available; however, 26 of these are usually lower case
alphabetics leaving a net type font of 62 characters. Most typewriters
operate at a maximum speed of 10 to 12 characters per second. This speed
is reduced by the time required for the execution of special function codes,

e.g. carriage return, back space, carriage shift.

In operation, the typewriter selects one of many levers, each containing
a character, and throws it into engagement with a power source in a manner
such that the character on the lever is fired against an inked ribbon
bringing it into contact with the surface of paper to be printed. The
array of type containing levers, or type basket, cannot be moved, w:th
the result that a carriage containing a platen and paper must be moved
back and forth in front of the print position of the type basket. Dis-
advantages of such a system are that the paper must continually be moved
both horizontally and vertically, thus putting unusual stress on perforations.
As the type basket is a rather complex mechanical arrangement of levers,
springs, clutches and pulleys, there are many moving parts that may fail.
An advantage of this system is the front impact hammer which allows many

carbon copies to be produced.

2) Drum Printers (Fig. 2-33)

The drum printer is an electromechanical character printer in which
the type is contained in one or more rows around the circumference, or
partial circumference, of a cylinder. This type drum is backed by a carbon
ribbon, the paper to be printed, and a hammer. The character to be printed

is brought into position by lateral and rotary movements of the type drum.
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When the proper character is in position, the drum movement is stopped
and held in place until the hammer is fired, thus forcing the paper and

carbon ribbon forward against the type.

In most present-day drum printers, the paper is held in position by
a paper transport mechanism, and the type drum and hammer are moved

horizontally across the paper, thus requiring no horizontal paper movement.

3) Ball Printers

Ball printer operation is similar to that of the drum printer except
that the characters are formed on the surface of a ball. The character
to be printed is selected by a combination of vertical and horizontal
rotary movements of the ball bringing it into the selected print position.
When the character isin position, the ball is driven against a carbon
ribbon printing the character. Character isolation obtained through the
use of a ball allows elimination of the back hammer reducing the inertia
of the system and allowing faster operating speeds. |t allows a front
impacting system which produces a greater number of carbon copies. Like
the drum printer, the ball printer requires no horizontal movement of the
paper, thus contributing toward systems reliability. Ball printers are
capable of operating at rates up to 20 characters per second due to their
low inertia. Like the drum printer, the ball printer readily lends

itself to changes in type font.

4) Matrix Printers

The matrix printer, like the ball printer and typewriter, is a
front printing device. Spring loaded type is held in a rectangular
matrix in front of a carbon ribbon. Characters are selected by horizontal
and vertical movement of the matrix which brings the selected character in
line with a hammer. When in proper position, the hammer is fired against
the character, thus giving it the inertia to imprint on the paper. Like
the ball printer and the drum printer, the matrix is carried horizontally
across the face of the paper requiring no horizontal movement of the paper

itself.
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The most common application of the matrix printer is in teletype
operation where it is operated in the range of five to seven characters

per second.

5) Stick Printers

The stick printer is similar in concept to the drum printer. The
type is held on the face of a hexagonal or octagonal type stick. This
type stick is moved horizontally in front of the hammer and rotated to
bring the desired character into print position. When in print position,
a hammer fires against the rear of the paper bringing it into contact with
the carbon ribbon and the selected character. Usually, this type of printer
relies more on linear motion than rotary motion in the selection of the

character.

In summary, all present electromechanical character printers depend upon
selecting a character and bringing it into a fixed position in front of a
carbon ribbon and paper array; then applying the necessary force to transfer
an image to the paper. {n all cases, the character is not in motion at the
time of transfer. The result is that a clear image can be obtained from
this type of printing. However, this is done at the expense of possible

improvements in speed.

in summary, the characteristics of electromechanical character printers

are compared in Table 2-3.



TABLE 2-3

ELECTROMECHANICAL CHARACTER PRINTERS

Typewriter Drum Ball MZZ??x gi?ik

Pressure Source Character Hammer Character Character Hammer
Front Back Front Front Back
Changeable Type Font No Yes Yes No No

Mechanical Conplexity High Medium Low Medium Medium
Speed Char/Sec 12 10 20 8 10

611-2
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2.4.4.3 Machine-to-Machine Interface

in current technology there are two broad classes of machines which
must communicate with each other and with others of their own type. The
first of these classes is the analog machine which is an operating simile
or analog of the problem being studied. |In an electrical analog machine
the data is portrayed by a voltage level. The voltage level is continuously
varied to correspond to the variations that occur in the function being
represented in the real world. The digital machine works with a mathematical
model of the real world and expresses all changes as changes to the magnitude

of a number in an equation.

To provide communication from an analog machine to another analog machine
it is necessary to convert the voltage level of the first machine into a voltage

level in the second machine which would represent the same number.

To allow one digital machine to speak with another digital machine, it
is necessary for the first machine to convert its digital representation

into the code representing the same digit for the other machine.

To allow communication between an analog and digital machine it is nec-
essary for the voltage level to be digitized, or for the digital representa-
tion to be converted into a voltage that can be recognized by the other

machine.

Provided that two digital machines or two analog machines are designed
to operate at the same degree of accuracy, it is possible for them to
communicate without loss in the accuracy of the data as no rounding effect
is involved. Whenever a digital machine must speak with an analog machine,
or vice-versa, a conversion problem is involved and there is some potential

loss of accuracy of the data.8
2.4.4.3.1 Analog Machines

The problem of analog-to-analog communication has not yet been investi-

gated and will be included in this section at a later date.
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2.4.4.3.2 Analog-to-Digital and Digital-to-Analog Machines

This area is currently under investigation; however, current state-of-

the-art is not fully explored.

2.4.4.4 Machine-to-Machine Communication--Digital

There are two classes of digital machine-to-machine communication.
Real-time transmission and stored data transmission. In real-time trans-
mission concept, data is originated by one machine and transmitted to a
second machine which has responsibility for monitoring the line and
accepting data as it occurs. (See Figure 2=34). The transmission may be
bit serial, character serial, or word serial. Some form of buffering is
usually required either on the part of the initiating machine or on the
part of the receiving machine. This may take the form of a separate buffer
or a buffer that is an integral part of the process. Many problems are
involved in scanning a number of such machines by one machine, that is,
accepting the data in an order that will assure that no data is lost.

This section will deal with a wide variety of machine-to-machine communication
including console-to-computer communication, computer-to-console communication,
computer-to-computer communication, radar-to-computer communication, weapon-

to-computer communication and computer-to-weapon communication, etc.
2.4.4.4.1 Digital Stored Data Communication

In the concept of digital stored data communication, one machine
communicates with another machine which is a storage device or ''data sink'.
At some later point in time the same machine, or another machine, reads
data from the storage device. The concept is very much like that of using
an auxiliary memory, except that communication implies the ability in some
manner to remove the data from the machine and place it on another data
reading machine. It also implies that the data be read by the second

machine in the same manner in which it was recorded by the first machine.
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This functional difference separates data storage communication devices
such as magnetic tape, paper tape, and punched cards, from the random
access storage devices such as core memories, disc files, and drums. This
separation is a very real one in practice even though it is possible to

build devices with characteristics that are suitable in both applications.
2.4.4.4.2 Punched Cards

Where a unit record storage or communication is required, punch card
equipment represents the most economical and most efficient form of existi g
storage. Card punching equipment is availabie that will record at rates from
one to 300 characters per second, and card reading equipment is available
that will read from rates of 1 to 1000 characters per second. Although the
cost per bit of storage in this media is relatively high, it can well be
justified in certain types of application such as programming and document
handling. As the punched card represents a unit rewmrd, it is a particular
convenience where one machine must create data which must pass through
human hands and later be entered into a machine system. A current contender
for this field is a combination of printers and character recognition equipment.
However, in most applications the punched card is more economical on a per
bit handled basis.9 Detailed examination of present state-of-the-art and
developments in punched card equipment is currently underway and will be

included at a later date.
2.4.4.4.3 Punched Paper Tape and Incremental Magnetic Tape

Punched paper tape and incremental magnetic tape represent the
current state-of-the-art in incremental recorded continuous records.
Neither is particularly suitable to the unit recrd concept. Neither is
well suited for document recording. Both are capable of accepting or trans-
mitting character oriented data in an asynchronous fashion without regard
to block length. As a result, these devices are useful for interfacing with
communications type equipment. They can accept data from a relatively high
speed source and record and transmit asynchronously or continuously at a

lower speed. They can accept it from an asynchronous or low speed device,
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and store it for high speed reading by a faster device. Both record data

in a continuous form and in a compact manner such that the data stores itself,
e.g. the reel of tape can readily be transmitted from point-to-point without
loss of data and without possible change in the ordering of data. The
equipment involved to record or read the information is relatively inexpensive
and easy to integrate in a system. Currently, a wide range of paper tape
equipment is available with recording speeds varying from one to 150
characters per second, and reading speeds varying from one to several

thousand characters per second. Although incremental magnetic tape equip-
ment is currently available, it is quite new and will, therefore, be

discussed in more detail under available input-output devices in the 1970-
1980 period.

Detailed examination of present state-of-the-art and developments in
paper tape and incremental magnetic tape is currently underway and will be

included at a later date.
2.4.4.4.4 Magnetic Tape Recorders

The magnetic tape recorder as used on a modern computer, provides both
a temporary storage device for the computer itself and a medium of trans-
mission of data from one point to another as does paper tape. |t can be
used at a variety of speeds and can be used as a speed translation device.
In its conventional form, it is unlike paper tape equipment in that it is

inherently block oriented.

Although it is possible to have a block one character in length and
thus turn the tape machine into a character serial device, this is not a
practical piece of equipment. Equipment performance is based primarily
on start time, (that is, the length of time it is necessary for the tape to
achieve the necessary read/write speed) and a combination of the speed at

which the tape is passed and the bit density recorded on the tape.

Detailed examination of present state-of-the-art and developments
in magnetic tape equipment is currently underway and will be included at

a later date.
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2.4.5 Availability of Input Devices in 1970-1980

As the input-output study is still in the evaluation stage, any
conclusions drawn in this section must be considered as preliminary.
Further evaluation will produce much more meaningful content for this
section and continuing investigation may disclose new and hitherto unknown
concepts which could result in usable input-output devices in the 1970-
1980 period.

2.4.5.1 Man-machine Interface

Since little can be done to expand the information output rate of the
human, improvements in a man-machine interface must necessarily come from a
better utilization of the data passed through this channel. This, in turn, must
come about through a more sophisticated man-machine relationship in which the
data flow from the man to the machine expresses concepts which are common to the
man by virtue of his learning and are common to the machine by virtue of its
program. In such a manner, it is possible for the man and machine to establish
a '"rapport'' or working relationship in which, under certain circumstances, only
a small amount of information need be passed between the two: the machine
assuming what the man will do under certain circumstances, and the man assum-
ing what the machine will do under certain circumstances, thus relieving the

load on the interface.

2.4.5.1.1 Sound

Although there is currently much investigation under way as to means of
meaningful interpreting the sound patterns produced by humans; and, in spite
of the fact that there have been built a number of machines which have been
capable of analyzing human originated sounds and distinguishing those sounds
from a small vocabulary of words or‘phrases, it seems unlikely that practical
working voice input equipment will be availaBIe for use in a tactical data

system of the 1970-1980 era.]0
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2.4.5.1.2 Pressure or Motion

Human or language oriented keyboard devices are currently quite highly
developed and it seems unlikely that any new breakthroughs will occur in this
area. Such devices have, for many years, allowed the human to express himself

in his own native languages in a speed in excess of his capability to do so.

2.4.5.1.2.1 Graphical Input

Within the last few years, much work has been done in the development
of graphical input devices, and there now exists a number of such devices in
laboratory form. From the human standpoint these devices have proved to be
a rapid and convenient method of transferring graphic concepts from the man
to the computer. Unfortunately, as the computer is much better at algebra
than geometry, all such concepts must be handled mathematically and a great
deal of software must be prepared before the data transmitted through
such a graphical device can be meaningful to the computer. Much work has
been done in this area, some of it quite successfully. However, the
development of specialized software of this type has proved to be a complex
and painful process. |t is anticipated that such graphical input devices
and their associated software will be available for use in a 1970-1980
system and will be a powerful adjunct to the conventional man-machine

interface.

2.4.5.1.3 Human Language Interface

The ability of input equipment to sense a human language representation
has been progressing slowly but steadily over the last ten years. Currently,
such equipment is available, and without doubt more sophisticated forms will
be available in the 1970-1980 period. The probliem faced is the degree of
sophistication available in this type of equipment. To date, most equipment has
been built to order, with the result that there has been little requirement
for versatility, and hence the cost of the equipment has been very high. If
the development of a mass market occurs within the next few years, we can
foresee a substantial increase in the versatility of human language interface

. . s 1
equipment as well as a substantial decrease in its cost.l
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2.4.5.2 Machine-Man Interface

Like the man-machine interface, the machine-man interface is limited
largely by the ability of the human to accept a given data rate with &
given language. Since the modes of data reception of the human are quite
limited and well defined, the only hope for improvement in the machine-man
interface is in the improvement of languages of communication between the
machine and the man. The last ten years has seen a tremendous increase in
the variety of machine-to-man languages. At one time it was necessary for
the man to learn the machine language and think and speak in it. Today it
is possible for the machine to use some reasonably human oriented languages
for human output. It is quite likely that the next five to ten years will
see an increase in language availability of considerably greater significance
than that during the last five or ten years. |f this occurs we can expect
the man-machine interface to become as efficient as the present man-to-man
interface. It is, in fact, likely that because of the machine's predictabil-
ity it is possible for the machine-to-man interface to be better than that

of the man-to-man interface.
2.4.5.2.1 Man-Machine Interface Visual

Current information indicates no major breakthroughs in the non-display
visual interface. There is currently a wide variety of equipment available
that will provide graphical presentation of spoken languages. Likewise, there

are a wide variety of plotters available to produce graphical output.

The speed range of the so-called high-speed printer used by the computer
industry may increase somewhat as a result of improved engineering. The type
font and speeds available on photocomposing equipment will probably improve
slightly, and there will probably be a substantial decrease in cost. Also,

plotters will probably become somewhat faster and somewhat more versatile.
2.4.5.2.2 Auditory

In the past few years there has been a rapid rise in the development
of equipment which is capable of selecting a pre-recorded audio message and
presenting it upon a digital command. There has also been some work on

equipment that is capable of selecting a variety of words and phrases and
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combining them into a meaningful message. As yet, there has been little
such equipment put ''on line'' with a computer system. This equipment has
manifested itself as automatic airline call systems and selectable sales
message systems. There appears to be no reason whatsoever why such equip-
ment cannot be used as a machine-man interface under computer control. in
civilian life, there has been a good deal of reluctance to ''take orders
from the machine''. Use of the ''"open loop'' concept in the military does not
include the possibility of allowing the machine to present decisions to a
commander and allowing him to select from those decisions which, if any, he
chooses to make. Having selected a course of action, there is no reason
why he cannot allow the computer to issue instructions in a vocal manner
just as he might allow it to make up instructions, e.g. orders, texts, etc.

in a written note.
2.4.5.3 Machine-Machine Interface

As with current equipment, two types of machine-machine interface
will be available. These will be the real-time message interface and the
stored message interface. The real-time message interface may occur through
any media that is capable of transmitting coded energy. In all likelihood,
electromagnetic data transmission will continue to be far more economical
than any other means except in special applications. While the columns per
disc may go down as the result of an increasing understanding for the nature
of data and an improvement in the design of equipment suitable for handling
data, it is unlikely that any new data transmitting technique will be found.
There are, however, excellent possibilities for the improvement of existing
techniques; largely through the study of the nature of data and improvement
in coding techniques to allow the transmission of a much greater amount of
data on a given bandwidth. Such forms of data compression are most promising
under some types of application. It must be kept in mind, however, that
they are of greatest usefulness where the total data received can be
integrated to achieve an over-all '"effect' and where no single bit of data

is of vital importance.
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As contrasted with data compression techniques, there will probably
also be a substantial improvement in the method of coding data to include
a greater amount of redundance and, therefore, allow a greater accuracy of

transmission and interpretation.

2.4.6 Limitations of Present and Planned Input-Output Technology

The review of this section is not complete at this stage. |t will be

included in the final report.

2.4.7 Recommended Developments to Meet ANTACCS Requirements

No work has been done on this section as yet as the ANTACCS requirements

have not been made available.

2.4.8 Evaluation Criteria Recommended

Evaluation criteria are being established as a part of the evaluation
of technology which is currently in process. When requirements information
is available, the evaluation criteria for each of the separate technologies

will be presented in this section and related to the ANTACCS requirements.

2.4.9 Conclusions and Recommendations

As the input-output technology task is now only 50% complete, it is
possible to classify the technologies involved list sources of information
and provide limited information on current status and anticipated availability
in the 1970-1980 period. However, it is premature to attempt to evaluate
their limitations and suitability for the as yet incompletely stated ANTACCS
requirement. |t is also too early to make recommendation as to future
technological developments to provide evaluation criteria or to form

recommendations or conclusions.
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