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PREFACE

The concept of technology has existed from the beginning of recorded tirﬁe. The idea
of technology has taken on new meaning with the advent of modern war and the
rapid technologacal advancements that have resulted from the deve!opn)ent of com-
puters. ; :

in the 1960s and 1970s the U.S. Congress became keenly aware of the need to
improve the United States position in both international economic affairs and tech-
nology security. The 1976 Defense Science Board report, "An Analysis of Export
Control of U.S. Technology—DOD Perspective,” stated conclusively that the controi
ot design and manufacturing know-how is absolutely vital for the maintenance of U.S,
technological superiority. In 1979 Congress passed the Export Administzation Act to
implement the provisions of the report, and the Department of Defense: (DOD) has
worked ever since to implement specific provisions. Specifically, the DOD has de-
veloped a list of critical technologies to be used to control licensing: The Cntrcal
Technologies List is continually reviewed and updated by an internattonal panei.

The Critical Technologies List gives primary emphasis to:

1. Arrays of design and manufacturing know-how

2. Keystone manufacturing. inspection, and test equipment
3. Keystone materials |

4. Goods accompamed by sophlsﬁcated operatlons application, and malntenance
know-how :

With the commercnal success of the computer and worldw:de recognl, n of its ca-
pacity to aid in the development of other technologies, it seems inevit in the neéxt
féw decades that industry will generate an explosion of advanced techno1ogies which
are still unheard of today. . ;

Computer technology is presently advancing at the rate of a new generatuon of
computer capabilities every six months. Government, industry, academia, and coh-
sumers are all unable to keep abreast of these rapid developments y s a result,

Advanced and Emerging Technologies, Inc., iocated at 350 Wesley Stree!, Suite 201,

Myrtle Beach, South Carolina 29577, will publish updated Supplements:fo this book
every six months. The supplements will discuss new products, trends; ongoing re-
search efforts, and changes in national policy.

Dunng the coming decades the use of computer slmulation in the d

' economic competition and rapid increases in computer capabllﬂy An ul
of key technologtcal disciplines such as those outlined in this book wilf 3 useful, ii'f
not essential. o o

The dua! concerns of economic competition and national security have prevnded the
main impetus for increased support of research and development by both government
and industry. The nation’s technological development efforts have contributed ex-
tensively to the economy and to our ability to compete effectively in international
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markets. Credit for these contributors can be shared by all secters of the U . econ- V;
omy-—government, mdustry academia, and other institutions.

This nation's technological lead is threatened by countries that have estabhshed a”
national resolve to excel in all phases of technological development, mcludmg edu-
cation and training, product development, ?nowcedgs engineering, and the application
of existing .advanced technologres :

Computer Software degscribes the use of Artificial intelligence, Expert System—an'
existing advanced technoiogical computer software system for the development of - -
computer software, its technology and technology Knewledge engmeenng “This book -
also reports on the nation’s lecnnology policies, as well as efforts to fund oe\ipiopment :
acontrol exports, and promote the transfer of technology. The charts used m this book " *
contain the most current information available. : .

The lack of general knomedge of mtematsoaaﬂy recogmzed definitions and descrip- -
tions of computer software technology, rapic advances in computer software tech:
nology, and the intense competition for the computer market created a setious need
for a single volume with supplements that weuld introduce an integrated approach
to the developrnent of computer software technology. This book describes an ad- -
vanced computer progiam, Artificiai !me!hgnnre Expert Qvstem which is c:esngned ;
to do just that.

This book consists of seven i chapters. Chapter 1 offers an overview of the intema-
tionaily recognized definitions and relationships of 18 critical advancing and emerging
technoiogies. These technologies are groupsd into five general cafegones The chap-
ter thus defines the scope of today’s technaclogy.

Chapter 2 report on the U.S. government's teuhnoiogy policy posmons, from ths .
Executive Off ce of the President to other major depariments of the government. The .=
policy areas addressed are technology deveicpment policy, technology control policy,
and technoiogy transfer policy.

Chaptet 3 addresses irends in deveiopment, dmcussmg trends in tachnoioqy devei- ' ;
opment today and the people and the 1nst1'utcon:> that are the pr.ncspai drivers of
future developmem ' . . : e

Chapter 4 fooks al emerging computer sohwam technology to primdrily |denmy key
computer: soﬂware technology opporzumtles for- axploetmg computer capabz!mes in
new ways. .

Chapte. 5 Iooks at advanced romputer software on the market today

Chapter 6 oﬂers dnrection on how to estabksh a technoiogy management system =
provide guidance on establishing technology goals and objectives, conduct technol-
ogy assessment, and develop a technology breakdown structure. It also prov:des the.
computer software technology dcnabase produced as a result of the techno’ogy man-
agement system

Chapter 7 encompa sses the application of Artificial Intelligence, xpnrt System, 1o, o
computer software !echnoiogy The computer software technoiogy database devel-
oped in Chapter 6 is used in knowiedge engineering-design. Technology goals and
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objectives are estabiished from the engineering rmodel, heuristic facts and expert
system rules are developed and then inserted into an expert system computer shell
10 provide assistance in deveioping new fechnology, aiding the assessment of current
levels of capability and helping ‘o solve technical problems.

in summary, technology deveiopment throughout the world is moving fike 2 speeding
train, ang governments, industry, and consumers are being left behind. International -
competition for technological isadership has never been greaier. The United States
foday is considerad a fzader in the development of supercomputers and other ad-
vanced computer technologies. Cther Western couniries and Japan are underwriting
deveiopment of new products, their goai being to capture the U.S., Western, Euro-
pean, and Japanese markets, which are the largest consumers of technology.

To rnaintain U.S. leadership, the federal government needs to focus on technology
advancement. Estabiishment of a President’s Cabinet Council on Technoiogy Man-
agement (CCTM) is 2 necessary first sten. The government needs to establish, by
setting a coordinated sense of direction. a national policy that could adapt to the
rapidly changing world of the technoiogy reveiution. The COTM should foliow the
internationally adopted Criticai Technologies List in pursuing U.8. tachnology devel-
opment,

Charles H. Fleer
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INTRODUCTION

It is the advance of technology rather than naw praducts that has generatad the
computer revolution of the past 20 years. Today techndlogy is moving forward 30
vapidiy that keeping up with advances and developments is a monumentat task
for anyone in the fisld as well as for educational institutions. Advanced new
technoiogies are arising from efforts of governments, industries, and research
and development institutions around the world. Everyone in the world tSday s
participating to a greater ar lesser extent in this technology rsyvolution. The
involverment of individual countriss and the benegfits they will derive from the
tectinology revolution wilt depend on their ability to acquire techrical information
rapidly, and their capacity to act on this information or be passed by others in this
highly competitive worid.

The 1976 Defense Science Board isport, Ar Analysis of Expont Coniol of &8,
Technology—~~A4 OO0 Ferspective. advacated contror of techndlogy rather ﬂmn
products as a means of improving the position of the United States in terms of
both international security ana economic affairs. The report. aiso called the “Bucy
Report,” concluded that the control of design and manufacturing kriow~how is
absolutely vital 10 the maintenance of U.S. technological superiority.

The Export Administration Act of 1979 was passed by Congress 1o implement the
key provisions of that report. The Department of Defense {DOD) has worked
since 1979 to implement spacific provisions of the Export Administration Act.
Specifically, the DOD developed a list of ciitical technologies to be used in
controlling the licensing of those technologies. This list, the Militarity Critical
Tachinologies List (MCTL), emphasized development rather than control. Atcosd-
ingly, the sortmq and priority setling process offered aim at a program o use the
Critical Technologies List (CTL) as a deveioprnent document.

The purpose of this chapter is to outiine for the first time the intematicnally
approved technologies in book form with their classifications, definition, and
technology groupings: This series of books will use the Critical Technologies List
as an outline for the exploration of state-of-the—art technologies, Clarifying their
interralatedness to promote an interdisciplinary approach to planning, design,
development, production, and application. Advanced and emergmg tachnoiogies,
along with current trends, will be included and treated in simiiar fashion. This
book, then, demonstrates the development of computer hardware technology
and its application to the artificial intslligence expert system.

"~ DEFINITIONS

Technology may be defined as the knowledge used in the design, production,
manufacture, testing, utilization, or maintenance of materials, i.e., the design and

3
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manufactiring knowledge that serves o Wanslate scientific knowledge into end
products or sanvices.

Crical techniology is the knowiedge whoss acquisition and use by local, state,
and national governments, industiies, and consumars would significantly
enhaince the advanced development and operational capability of the users,
iirespective of whether such technoicgy is acquired dawectly from the United
States or other countrigs.

In order to bettei understand the CTL as used in this book. the following
definions may be useful. In the CTL, ciitical elements of technologies are
included under three general categeries:

1. Amays of kinowledge of Kriow-how (IiClicing desipn end manuiactuing
kriow-now) are the knowiedge and  islated technical information requirad to
achieve a significant development, production, or wtilization purpose. - Such
know--how includes services, processes, procedurss, speciicatiqns, design data
and criteria. and testing tschnigques.

2. Reystone equpmeni (including manufacturing, inspection. and testing
equipment) is the equipment specifically necessary for the effective application
of a significant array of technicai irformation and know-~how.

3. KReystone materals are maternals that are specifically necessary for the
effectivs application of a significant array of technical information and kaow-how..

Other important definitions inchude the following.

o Develormertis the process of design, fabrication, and experimental
work that ranslates an application concept into a set of specifications,
modeis, and design data ranessary for the effective production of

) product. .

@ Froduction s the process of product design, ranufacturs, inspection,
and testing that translates specifications and design data intc a serially
produced oroduct that meets acceptabie quality standards.

® Froduct waiization is the process of application, operation, and
maintenance (including reconstruction) that translates a product into a
useful capability for meeting a nesd

TYPES OF TECHNOLOGY

This book wili deal with five general categories of technology: computer
technology, component technology, systems technology, subsystems techno--
iogy, and materiais technology.
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COMPUTER TECHNOLOGY

Thie computer technology we will discuss can be divided into three general areas:
systems ard netwerk technology, hardware terhnoiogy' and software technoiogy.
(see Fig. 1.1

COMPUTER .
TECHNOLOGY
Systems Hardware Software
and Technology Technoiogy
Network .
Techsidlogy

Figure 1.1 Computer Technology

information Systesns and Network Technology

Information systems and network technology . encompasses the .ntngrauon and;
engineering required to:

e  Define the requirements for new systems architeciures:

®  Select and evaluate the technoiogy for development and nmp.ementatlon
of the new computer sysiem;

)»  Pian, manage. and controi its devetopment and productnon and

®  Determine the distribution and:the controi technology for its maintenance '

- and support. Also included in this selction are information, image;and
speech proce%smg and decision systems technology ‘

Hardware Technology

Comiputer hardware technology includes all the basic components and- lechm-— ,
ques required to develop and produce digital and hybrid computers and their
associated peripherals, including -ntegratzon for greater accuracy and computing
speed, and the allocation of resourcés to both hardware and softwars to
accompiish the specific tasks imposed by compiex problems. All types of
computers arg included, from single-toard computers to supercomputere and
other high—performance mainframes and parallel processors.
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Software Technology

Software technology includes computer programs, program documentation,
descriptions of use and algorithms, program installation, maintenance, life-cycle
support, and services related to operations and training.

COMPONENT TECHNOLQGY

Component technology encompasses semiconductor and electronic component
technology, optical and low-energy laser technology, microwave technology,
and sensor technology (see Fig. 1.2). :

COMPONENT
TECHNOLOGY
Semiconductor and Optical and
Electronic Component } Low-Energy
Technology Laser Technology
Microwave ~ Sensor
Technology | Technology

Figure 1.2 Component Technology

Semiconductor and Electronic Component Technology

Semiconductor and electronic component technology includes microcircuits,
transistors, thrysistors, diodes, photdsensitive devices, acoustic wave devices,
cryogenic and passive components, and electronic materials technologies.

Microwave Technology

Microwave technology includes microwave tubes, microwave solid-state devices,
high—~power microwave control components, waveguides and components, and
millimeter wave devices. Included are both active and passive device
technologies.

Optical and Low-Energy Laser Technology

Optical and low-energy laser technology encompasses the development and
production of optical and electrooptical components for a variety of commercial



