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CHAPTER ONE

INTRODUCTION

The study of the impact of microcomputers on aviation consists

of two parts. The first part, technological forecasting of

microcomputers, with specific reference to aviation applications,

has been reported in Volume I. This volume (Volume II) presents

the results of technology assessment of microcomputers, with

special emphasis on the impacts of microcomputers on the National

Aviation System (NAS), and their policy implications .*

I. Definition and Purpose of Technology Assessment

Technology assessment has been succinctly defined as “the

systematic study of the effects on society that may occur

when a technology is introduced, extended, or modified ,

with emphasis on .the impacts that are unintended , indirect,

and delayed” [1]. Thus, the side effects as well as the

primary impacts of technology are to be identified and

analyzed in technology assessment. This has become necessary

since the side effects (or externalities) of technology are

often as important as, if riot more important than, its

primary impacts. For example, although the primary impact

of the automobile was a rapid increase of speed and mobility

in ground transportation, the side effects of the automobile

*The two parts of the project did not receive equal resource
allocations. Technological forecasting is a necessary component
of any comprehensive technology assessment, and therefore
Volume I provides a necessary basis for Volume II. About 75 per-
cent to 80 percent of the total project resources was therefore
allocated to the work leading to Volume I, the remainder to
Volume II.

1
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have had significant social consequence - urban sprawl, air

pollution, changes in life style, etc. Similarly, one can

think of the side effects of television in terms of the

changes in family behavior, political campaign styles, ris-

ing expectations of the disadvantaged , as well as the primary

impact on home entertainment. If the microcomputer is in-

deed the third major cultural invention in the American

technological society, following the automobile and the

television [2), then the side effects of microcomputers will

truly be significant and far reaching.

The purpose of technology assessment is to develop policy

options to enhance the positive and to alleviate the nega-

tive side effects of technology. Thus technology assessment

is policy—oriented. The orientation stems from the milestone

events that contributed to the establishment of technology

assessments as legitimate and substantive programs within

the realm of governmental activities in the United States.

These milestone events were the proposal in the Daddario

Bill to establish a Technology Assessment Board [3], and the

formal establishment of the Office of Technology Assessment

in the U.S. Congress [4]. In the executive branch of the

Federal Government, the National Science Foundation as well

as a number of mission agencies have sponsored over a hundred

technology assessment projects [5). One of the larger corn-

pleted projects is the Technology Assessment of Intercity

Travel co—sponsored by the Department of Transportation and

2
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the National Aeronautics and Space Administration [6].

Microcomputers , being an exploding technology only in the

last few years , have not been a subject of formal techno-

logy assessment prior to this project.

II. Methodology of Technology Assessment

Given its policy orientation , technology assessment itself

is more a technology than a science , with all the implica-

tions of the difference between science and technology.

Consequently the philosophical and methodological approaches

to technology assessment are multifarious [7).

A major taxonomy of technology assessment methodologies con-

sists of the following three categories of technology assess-

ment (TA) :

Technology-driven TA

Problem-driven TA

Goal-driven TA

In technology-driven TA , a particular technology ( e . g . ,  the

automobile) is given, and its impacts on society are to be

assessed. In problem-driven TA, a particular problem area

(e.g., energy shortage) is given, and a range of technologi-

cal options to alleviate the problem are to be assessed. In

goal—driven TA, a particular social goal (e.g., increased

job satisfaction) is given, and a range of technological

packages to facilitate the goal realization are to be

assessed. The project at hand begins with the technology of

microcomputers and asks what may be its impacts (especially

3 
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on the National Aviation System) and its policy implications

(especially for the FAA) between now and the year 2000. The

study is thus primarily a technology-driven TA. Of course,

no one can know for sure what will happen in the next two

decades. However, it is important that the plausible impacts

of microcomputers on the NAS be assessed now, so that the FAA

can formulate appropriate policies in anticipation of, not in

reaction to, the revolutionary developments of microcomputers.

A typical methodology for technology-driven TA is the follow-

ing 7-step procedure [8]:

1. Define the assessment task

2. Describe relevant technologies

3. Develop state—of-society assumptions

4. Identify impact areas

5. Make preliminary impact analysis

6. Identify possible action options

7. Complete impact analysis

This 7-step procedure has been used to guide this technology

assessment of microcomputers, not only in the organization

of relevant tasks within this project, but also in the use

of relevant results from other projects sponsored by the

Federal Aviation Administration/Office of Aviation Policy

(FAA/AVP) . Each of the seven steps in the context of these

interrelated FAA projects arid tasks are subsequently discussed.

L ~~~~~~~~~~ —- - - - - -—— ,.______________



Step 1. Task definition.

As pointed out previously, a technology-driven TA of micro-

computers has been undertaken. The time horizon is the year

2000.  Special emphasis has been put on the impact of micro-

computers on the National Aviation System ( N A S ) ,  although a

broad assessment has also been made :‘f comprehensive and

higher-order impacts of microcomputers on society. The

affected parties were identified for the impacts on NAS, so

that specific policy implications from the FAA standpoint

would become clear.

The archetypal technology assessment is understood to be a

single, ad hoc study performed by a multidisciplinary team

on a budget of at least $300,000 (1974 dollars), in a period

of about a year. Given the fact that 75 percent to 80 per-

cent of the current project has been devoted to technology

forecasting, the technology assessment to be undertaken

should be categorized as a mini-TA [9].

Step 2. Technology description.

The basic work for this step has been taken. Volume I of

this report describes today ’s uticrocomputer technology and

projects its development to the year 2000. Special emphasis

for instrumentation and control (primarily airborne) and for

data processing (as a part of ground-based mainframe computer

systems).

5 
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For technology assessment, the supporting and competing tech-

nologies vis-a-vis microcomputers should also be described.

The most critical supporting technologies for aviation-orient-

ed microcomputers are the peripheral equipment (input-output

devices, instruments, transducers, etc.). These have also

been described in Volume I of this report. Other supporting

and competing technologies, ranging from satellite communica-

tions to high—speed ground transportation, have been describ-

ed in the final report of a previous project conducted by The

Onyx Corporation for FAA/AVP [10]. All these technological

descriptions will form the basis of the subject mini-TA.

Step 3. State—of-society assumptions

Five alternative aviation futures up to the year 2000 have

been described in an FAA report [ii] on the basis of a pro-

ject conducted for FAA/AVP by The Futures Group with the

assistance from Urban Systems Research and Engineering.

These aviation futures have been considered for this techno—

logy assessment study. Three of the five aviation futures

which provide the state—of-society assumptions are:

Expansive growth
Resource allocation
Muddling through

As will be discussed in the next chapter, these three alterna-

tive future scenarios represent, respectively, the upper,

middle, and lower span of the spectrum of future aviation

activities. For simplicity the two other aviation futures,

6
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Individual Affluence and Limited Growth, will not be con-

sidered in the mini-TA.

Step 4. Impact areas.

If microcomputers are indeed as significant as the automobile

and the television - and the initial indications are affirma-

tive - then its impact will pervade the American society. To

fully appreciate the policy implications for the FAA, the

impact of microcomputers on NAS should not be assessed in

isolation of the impact of microcomputers on the entire

society.

In this step, a structured brainstorm approach [12] has been

used to identify all major impacts of microcomputers on

society. The structured brainstorming was facilitated by

computer conferencing [13], and the comprehensive scope of

the exercise makes the exercise itself resemble a technology

assessment. Since the portion of the project reported in

Volume II is considered a mini—TA , the exercise in this step

is a micro—TA and the results will be presented in Appendix A

of this Volume.

Step 5. Preliminary analysis.

This step will focus on the impacts of microcomputers on the

National Aviation System. The magnitude and timing of the

impacts on NAS will be analyzed and reported in Chapter IV

in this Volume. An overview of the cross impacts result-

ing from aviation applications of microcomputers will be

7
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summarized in Chapter IV , along with an extended examina-

tion of some of the dynamic feedbacks, as well as the quali-

tative description of the significant impacts. All of these

analyses will be made in the context of the three alternative

aviation futures mentioned previously , assuming no deliberate

FAA policy modifications in anticipation of the microcomputer

impacts.

Mathematical models (for cross impacts and dynamic feedbacks)

will be explained in Appendices B and C. Appendix B will

describe how a matrix could be used for analysis of cross

impacts, and Appendix C will describe how a simulation

— model could be used to analyze the dynamic nature of NAS

impacts.

Step 6. Action options.

This step is to develop and analyze various policy options

for obtaining maximum public benefits and minimizing dis-

benefits from microcomputers. Naturally , this step must

take into account the political1 sensitivity and feasibility

of the various programs and policy options. Although it is

an important step in the T.A. process , the delineation of

action option was beyond the scope of this report.

Step 7. Complete impact analysis.

This step is to analyze the degree to which the action options

identified in step 6 or suggested elsewhere would alter the

NAB impacts of microcomputers discussed in Step 5. Although8
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this step is beyond the scope of this project, the mathemat-

ical models described in Step 5 can be used in the future

in combination of judgments, to assess the effect of FAA

policy options in modifying microcomputer impacts on the NAS.

III. Conceptual Structure of the Specific Approach

While the 7-step procedure described above (in the context

of the interrelated FAA projects) delineate what specific

steps, methods, and previous results will be used in the

technology assessment task at hand, the procedure has not

explicated the structural relationship among these steps.

This will be done in this section.

The ultimate objective of this technology assessment is to

aid policy making by the FAA . As a federal regulatory

agency, the FAA has the authority to make policies which

will have great influences in certain technological and

socioeconomic areas but very little in some other areas.

The alternative future scenarios (of which aviation activi-

ties are a part) are largely to be determined by social

values and future events on which the FAA cannot and should

not have much influence. The three alternative futures;

viz., expansive growth, resource allocation, and muddling

through [11], will thus determine the basic premises upon

which the technology of microcomputers will be forecast and

assessed. In other words, the technological description

and social impact of microcomputers must be imbedded in each

p alternative future as depicted in Figure 1.

_ _ _ _ _ _ _ _ _ _ _  
_ _ _  
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In the same diagram (Figure 1) it is shown that microcomputer

technology and its pervasive social impacts are largely un-

affected by FAA policies. What can be affected by FAA

policies will be the application of microcomputers to avia-

tion activities and the corresponding impacts of those appli-

cations. Therefore, in the diagram , aviation applications

are imbedded in microcomputer technology, and the correspond-

ing impacts are imbedded in the much larger collection of

social impacts. In the context of the interrelated FAA/AVP—

sponsored projects and tasks, Block 1 in Figure 1 contains

the most recent results of the project conducted by The

Futures Group. Block 2 contains the results of the bulk of

Volume I and in Chapter II of this volume (Technology Fore-

casts). Block 3 contains the results to be presented in

Appendix A in this Volume. Block 4 contains the aviation

applications identified in Chapter VII of Volume I. Block 5

contains the analyses -in Chapterlil in this Volume. Finally ,

Block 6 contains future work which could be done to assess

policy implications and affected parties/organizations.

Blocks 4, 5, and 6 in Figure 1 can be further expanded con-

ceptually as in Figure 2, which shows the paths linking

microcomputers to FAA policy implications. Starting from

the left—hand side of the diagram , there are two ways in

which microcomputers can perform aviation functions in NAS .

The more immediate way is to perform those aviation

11
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functions which already exist (e.g., FAA management informa-

tion data processing) or which have been planned without

the prior knowledge of future developments of microcomputers

(e.g., most of the UG3RD air traffic control systems). Such

uses of microcomputers will be justified or motivated mainly

by cost reduction considerations, and will result in either

a higher level of aviation applications, or accelerate imple-

mentation of the presently planned applications (e.g., UG3RD),

or both. The other way in which microcomputers will find

their ways to be applied in NAS is to perform certain new

functions which have not been practical or feasible with

previous technologies. For example , the very compact and

very low-cost microcomputer logic and memory may provide

highly sophisticated and highly reliable (self-monitored

and self-correcting) avionics for general aviation that has

not been hitherto considered practical.

The NAS impacts can be generally categorized into primary

(direct) and secondary (indirect or higher-order) effects.

Both are important for technology assessment as both may

have important FAA policy implications. Primary impacts in-

clude such variables as general aviation (GA) avionics costs,

which may in turn affect the level of applications. For

example, widespread use of microcomputer application in GA

avionics would further reduce the cost of microcomputers for

such applications, thus increasing the level and accelerat-

ing the timing of microcomputer applications in GA.

13
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Secondary impacts include such variables as the number of

IFR flights to be handled by air traffic controllers. The

number of IFR fl ights is directly affected by the number of

GA aircraft equipped with appropriate avionics, and is

therefore indirectly affected by microcomputers. FAA policy

implications include FAA regulations, procedures, plans,

programs, etc., which need to be generated, modified, or re-

viewed in anticipation of the primary and secondary impacts

of microcomputers on the NAS.

14
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CHAPTE R TWO

TECHNOLOGICAL FORECASTS IN THE

CONTEXT OF AVIATION FUTURE S

I. Introduction

Forecasting differs from prediction in that the former des-

cribes the future as a function of policy decisions and the

socioeconomic - environment that will impinge on the future,

whereas the latter does not. The results of technological

forecasting should, therefore, be conditioned on a number

of “what ifs,” An important set of “what ifs,” or condi-

tioning factors, includes the socioeconomic, institutional

and political factors that may constrain the techologies

(in this case microcomputers) and their applications. In

particular, three combinations of conditioning factors, cor-

responding to three of the five alternative futures as

described in the Federal Aviation Administration (FAA)

Aviation Futures to the Year 2000 [1], will be used to

modify the unconstrained forecasts presented in Volume I.

An overview of the five alternative future scenarios is

provided in Tables 1 through 3. Table 1 lists the

primary economic factors assumed in each of the five scenar-

ios. The scenario names, “Limited Growth,” “Muddling Through,”

“Resource Allocation,” “Individual Affluence,” and “Expan-

sive Growth” are somewhat self-defining. However, the spe-

cific values presented in Table 1 provide a more quan-

titative summary of the scenario key variables and “subjective”

15 
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differences [2]. Tables 2 and 3 provide some of the

major findings of the previously referred to study. The

relevancy of those findings to this study is the manner in

which the findings would impact microcomputer technology and

visa versa. The societal impacts on microcomputer technology

developments, in the context of the five alternative avia-

tion scenarios, will be explored in this chapter. The recip—

roca]. relationship, of the impacts of microcomputers on society,

especially on aviation, will be explored in the following

chapters.

The most common error in comparing alternative future scen-

arios is to focus one’s attention only to the gross national

product (GNP) and ignore all other variables. If one were

to single out GNP from Table 1, the “Limited Growth”

scenario has the lowest GNP in the year 2000 as evidenced by

the following ranking:

SCENARIO GNP ($T) in 2000

Expansive Growth 4.3
Individual Affluence 4.1
Resource Allocation 2.9
Muddling Through 2.1
Limited Growth 1.9

However , other key variables should also be taken into con-

sideration for a more realistic comparison of alternative

futures. For the present project, aviation activities, R&D

activities, and Air Traffic Control (ATC) technologies are

clearly important. The following table singles out aviation

activities from Table 1:

17
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AIRP ORT ENPLANED JET FUEL
SCENARIO OPERATIONS (M) PASSENGERS (M) CONSUMPTION (Mbbl)

Expansive Growth 333 1,113 850
Individual Affluence 182 788 517
Resource Allocation 125 471 317
Limited Growth 115 406 317
Muddling Through 52 272 158

Thus, the “Muddling Through” scenario has by far the lowest

aviation activities, which actually decline from the 1974

level in this scenario. Moreover, Tables 2 and 3 show

that the “Muddling Through” scenario also ranks lowest in R&D

activities and in air traffic control technology advances.

Therefore , for the purpose of this study, “Muddling Through”

is considered at low end of the technological growth spectrum ,

and the “Expansive Growth” scenario at the higher end , with

“Resource Allocation” near the middle.

II. Specific Conditioning Factors

To ident i fy  the specific factors which have crucial conditioning

effects on microcomputer technologies, four basic assumptions

were made and a four—step procedure to identify the crucial

factors was developed to explore how these crucial condi-

tioning factors affect microcomputer technologies. The basic

concept to be used is essentially that of technological ac-

celeration or retardation by socioeconomic , institutional and

political factors. According to this concept, technological

development must go through a certain sequence of stages.

However, the speed with which this sequence evolves will vary

with a number of conditioning factors, which are mostly

18
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socioeconomic, institutional and political in nature.

A. Basic Assumptions and Methodologies

It should be understood that the technological forecasts

presented in Volume I and the “social forecasting” of

the aviation futures, are both “surprise—free” forecasts.

The b ~~a~~flmptions were [1]:

1. No drastic technological breakthroughs

2. No major international conflicts

3. No large scale international depression or
monetary catastrophe

These basic assumptions will remain operative throughout

this study . Thus , the differences between the constrained

(or conditioned) technological forecasts of this chapter

and the unconstrained forecasts in Volume I are mainly

caused by the different combinations of socioeconomic,

political and institutional factors imposed by the three

aviation futures.

It should be pointed out that there are no time-proven

and quantitative theories for predicting social impact

on technological development. However, a qualitative

“tracing” approach was taken to hypothesize a reasonable

causal relationship between the aviation futures and

the technological developments as follows:

1. Identify the fundamental assumptions about the
— 

socioeconomic conditions underlying the “uncon-
strained forecasts”

21
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2. Deduce how these socioeconomic conditions may
change in the alternative aviation futures

3. Modify the unconstrained forecasts as functions
of the changing socioeconomic conditions

4. Label these modifications as “conditioned fore-
casts” and relate them to the alternative avia-
tion futures

This four-step procedure will be further explained and

applied below.

B. Crucial Factors Affecting Computer Generation Dynamics

Computers form a giant industry with millions of actual

and potential applications in society. The future growth

in computer technologies will therefore be practically

unaffected by the national aviation system. To the ex-

tent that the forecasts of computer technologies are not

affected by FAA goals and decisions, the forecasts are

exploratory, and not normative, regardless of whether

the forecasts are conditioned or not.

The dramatic growth of compute~- technologies caxT be at-

tributed to two fundamental and interrelated socio-

economic conditions, which have been tacitly assumed in

the previous unconstrained forecasts, namely, vigorous

competition, and substantial R&D. Competition includes

both domestic and international dimensions; R&D includes

both private and public expenditures. Generally speaking,

in the computer industry, private R&D is more applied ,

and is driven more by market competition; whereas public

22
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R&D is more basic, and is driven more by space and

defense cornpetition.[3]

The tacit assumptions of socioeconomic conditions under-

lying the unconstrained computer technology forecasts in

Volume I were that the structure (division between private

and public, and between domestic and international) and

the magnitude (expenditure and trade in percentage of GNP)

of competition and R&D in the computer industry would

remain approximately the same in the future as in the re-

cent past. However, this may not be the case in the

three alternative aviation futures considered.

To modify the unconstrained forecasts while keeping the

“surprise-free” assumption intact, a mental model of

technological development with an “elastic time scale”

was used. This model hypothesizes that technological

change will be orderly, but that its speed may be in-

creased or decreased as a function of competitive vigor

and R&D expenditure. The orderly change of computer

components is considered to be as follows [4]:

Generation 0 Relays and vacuum tubes Up to 1953

Generation 1 Vacuum tubes 1951-1958

Generation 2 Transistors 1958-1969

Generation 3 Integrated circuits 1967-1974

Generation 4 MSI and LSI Present

Generation 5 LSI and GSI (Grand Scale Integration)

Generation 6 Hybrid GSI and optical (holographic)

23

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  

- ~~~~~~ —-~~~~~~~~~~~~~~
- -



—~~~~~~~~~~~~ 
- ‘yr :— - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The escalation of complexity of integrated circuits from

small scale integration (SSI) to medium scale (MSI) to

large scale (LSI) and eventually to grand scale (GSI) is

a natural evolution of technological advances that is im-

pressively rapid but can be generally expected. Optical

computing, however, is a quantum jump. Although the basic

concept of optical computing has been known for some time,

the technology is still embryonic and can evolve in many

possible directions at uncertain speeds. (See the IEEE

Proceedings special issue on optical computing, January,

1977 for state-of-the-art reference [5].) Optical corn-

puting is derived from a scientific base which is dis-

tinct from that for semiconductor computer components.

The fundamental advantages of optical computing are its

— parallel data processing in special applications (image

processing, two—dimensional Fourier transform, special

H matrix manipulation, etc.), its extremely compact memory

capacity (e.g., holog~aphic memory), and its potential

processing at the speed o~ light. However, many general

purpose data processing needs do not lend themselves

readily to optical computing. Thus, the sixth generation

computers mentioned in the above table are more likely

to be hybrid systems involving the combination of coherent

optical, electro-optical, solid-state, and digital sub—

systems, instead of pure optical systems.

Concurrent to computer hardware technology changes, an

orderly change of computer software (including computer

24
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architecture and networking) is also assumed. In the

following, the conditioned forecasts for microcomputers

are done with the aforementioned assumptions, but focus

particularly on those microcomputer capabilities of speed,

size, cost, and weight, which are likely to be the limiting

factors in the two types of microcomputer systems des-

cribed in Volume I.

III. Variation of Crucial Factors and Generation Dynamics

As pointed out previously, competition and R&D are the crucial

factors affecting the rate of technology development. However,

every industry, even the computer industry, has its own inertia.

It takes time for R&D results to propagate through engineering,

marketing, and delivery. Thus, a change in R&D expenditures

will have a delayed effect on the acceleration or retardation

of the advent of new computer generations. Further, there is,

in general, a longer lag between R&D spending and commercial

exploitation if the R&D is supported by the public sector

rather than the private sector (as the experience in energy

R&D has indicated).* The net result of these delayed effects

is that the unconstrained forecasts of computer technologies

in the previous sections can be converted to conditioned

forecasts basically by a “telescoping” process. A “Muddling

Through” society will stretch out the unconstrained fore-

casts, especially the portion corresponding to the distant

future (1999-2000). An “Expansive Growth” society will

*The U.S. Energy Research and Development Administration (ERDA) has
recognized this factor and has consequently initiated a market-
oriented planning system (MOPS) to reduce this longer delay .
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compress the unconstrained forecasts, again especially for the

period 1990-2000. The short-term forecasts (for 1980) will

not be much affected. A shift toward more important govern-

ment roles (as in the “Individual Affluence ” scenario) will

also tend to stretch out the unconstrained forecasts. The

quantification of this telescoping process will be made spe-

cific in this chapter.

A more fine-tuned modification of the unconstrained forecasts

will include the changes of the uncertainty band. In general,

an acceleration of generation change, such as could be caused

by more competition in the computer industry, will increase

the uncertainty in the industry ’s ability to achieve the com-

puter performance target by a particular time, since there

will be less time to a-a - get the bugs out~ of new technology.

This is illustrated by the upper half of Figure 3, which

shows that, with more competition, the uncertainty in micro-

computer speed will be skewed downward; i.e., the lower

bound of the uncertainty band is farther from the mid-curve

(the expected performance) than the upper bound. In contrast,

an increase of basic R&D expenditure (more likely to accom-

pany a shift toward government R&D) will also increase the

uncertainty in the anticipated computer performance, but the

uncertainty will be skewed upward; i.e., the upper bound of

the uncertainty band is farther from the mid-curve than the

lower bound , since there is a higher probability of drastic

(or surprising) technological breakthrough resulting from

26
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more basic research. The lower half of Figure 3 illustrates

this latter case.

To relate the modifications of unconstrained forecasts to

the three alternative aviation futures, attention will be

focused on the competitive vigor and the R&D expenditures in

the computer field, although other socio-economic attributes

will not be completely ignored. This deduction of relevant

soci.o—economic conditions has been done by:

1. Reading the qualitative scenarios of the alternative
futures

2. Looking at certain key quantitative variables (e.g.,
GNP, federal spending for aeronautical R&D, imports,
exports, etc.)

3. Looking at occurrence of key events (e.g., event
96 of the Aviation Futures study - f i f t y  percent of
assembly-line production is controlled by computers)

In the end, subjective judgments must be made as to whether - :

the total socio-economic conditions, along with other rele-

vant conditions and events, of a particular aviation future

will accelerate or retard microcomputer technology develop-

ment, and by how much. These judgments on acceleration and

retardation in quantitative terms, and their corresponding

conditioned forecasts of microcomputer characteristics in

terms of speed, size, power, weight, and cost, will be given

in the last section of this chapter.

IV. Relevant Data from Aviation Futures

Data from the continuing work on the aviation futures [2]

- 
- have been obtained and examined . R&D expenditures and the

28
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status of competition are the key factors determining tech-

nological innovation of the microcomputer industry. These

key factors are primarily described by the “qualitative scen-

arios” of the aviation futures. Quantitatively, these two

key factors are reflected by the values of the following two

variables and by the probabilities that the following four

events will have occurred by the year 2000. (Each aviation

scenario is described quantitatively by a large number of

variables and events [2].)

Variables:

1. Federal Spending for Aeronautical R&D (in 1975 dollars)

2. Total of all Government Spending as a Percentage of GNP

Events:

1. R&D spending in the United States increases from
1975 level of 2.5 percent of GNP to 5 percent of C-NP.

2. Fifty percent of assembly line production is con-
trolled by computers.

3. Five percent of the work force accomplishes its job
functions through the use of electronic computers.

4. Anti—exodus laws are passed penalizing industry for
moving outside the United States. 

-

The values of the above two variables are given in Table 4

and the probabilities that the above four events will have

occurred by the year 2000 are given in Table 5. Taken as a

whole, the data indicate that the “Muddling Through” and “Ex-

pansive Growth” scenarios are at the opposite ends (low and

high, respectively) of the R&D and competition spectrum, with

the “Resource Allocation” in the middle. Thus, if Resource

Allocation is taken as the baseline case, microcomputer

29
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TABLE 4: FEDERAL AND NON-DEFENSE AERONAUTICAL RESEARCH AND
DEVELOPMENT , MILLIONS OF 1975 DOLLARS

Muddling Resource Expansive
Through Allocation Growth

1976 $ 649.2 $ 649.2 $ 649.2

1980 812.4 900.2 904.4

1985 983.9 1,183.6 1,254.0

1990 1,094.1 1,466.8 1,724.2

1995 1,213.6 1,787.9 2,370.5

2000 1,323.1 2,160.6 3,210.3

Source: Reference [2].
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technology development would therefore be most retarded in

“Muddling Through” and will be most accelerated in “Expansive

Growth.”

V. Estimation of Microcomputer Generation Dynamics

The above consideration has led to the choice of the

“Resource Allocation” scenario as the baseline case for the

sake of easy comparison. Moreover, the socio—economic con-

ditions of this scenario correspond most closely to the assump-

tions made in Volume I for the unconstrained technological

forecasts. The historical data about mainframe computer

generation dynamics in Section II (1951 to present) indicated

that the time between computer generations has been about

six to eight years. In general, microcomputers should be

more dynamic than large mainframe computers, for two reasons:

1. It generally takes less time to design a microcom-
puter system, especially one for instrumentation
and control; and

2. Microcomputer technology is younger and can there-
fore grow faster.

Thus, for the Resource Allocation scenario, the time between

microcomputer generations may be taken to be six years,

which is near the low end of historical figures for the

time between mainframe computer generations.

This six-year span between microcomputer generations will be

different for different aviation futures, since as discussed

previously, competition and R&D would be different in dif-

ferent aviation futures. The range varies from three years
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(most optimistic) to twelve years (most pessimistic). This

variation by a factor of two appears to be reasonable and was

confirmed by a recent study [3]. The social inertia and the

lagtime between R&D and comrr~ercialization are such that com-

puter technologies will probably not deviate appreciably from

the baseline case before 1980, regardless of which aviation

future evolves. Beyond 1980, the time between computer gen—

erations will be different for different aviation futures.

The microcomputer generation times for the three selected

aviation futures are thus as follows:

Aviation Futures - Years Between Generations

Expansive Growth 3

Resource Allocation 6

Muddling Through 12

VI. Microcomputer Characteristics Estimation

On the basis of the above generation times, the results of

the conditioned forecasts of various microcomputer character-

istics (speed, power, etc.) are shown in Table 6 and Figures

4 through 8. To avoid confusion, only the “expected” values

are shown and the uncertainty bands are omitted . These val-

ues are for typical ground—based data processing microcom-

puter systems described in Volume I. The characteristics of

typical airborne . raicrocomputers are different , as previously

discussed in Volume I. The changes in airborne microcomputer

systems represent evolutionary, slow improvement and not

“generational” changes because functionally airborne
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FIGURE 6: CONDITIONED FORECAST OF
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FIGURE 7: CONDITIONED FORECAST OF
MICROCOMPUTER WEIGHT
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microcomputers are much less demanding . Moreover , in airborne

instrumentation and control systems characteristics are largely

determined by peripheral equipment and input/output (I/O)

devices. For these reasons, forecasts of ground—base systems

only are estimated.

The construction of the forecasted curves has been made ac-

cording to the following equation. The equation essentially

describes quantitatively the “telescoping process” discussed

previously in Section III and states that the telescoping

process will not begin until after the year 1980. All five

microcomputer characteristics should be equally affected by

the microcomputer generational gaps, since these character-

istics were derived basically from the same forecasts of

physical changes in microcomputer hardware, as discussed

previously in Volume 1.

C1(t) = C2[a~
(t—l980) + 1980) (1)

for t~~~]-980

C = Microcomputer characteristic (speed , power, etc.)

t = time in year (e.g., 1982)

i = 1 to 3 corresponding to the aviation futures in
the following table (e.g., Resource Allocation = 2)

a. acceleration factor. The greater a1 is above~ unity, the faster the microcomputer character-
istic grows with time. For Resource Allocation
scenario, the baseline case a2 = 1.

The previous judgments made on the years between computer gen-

erations can thus be quantified in the following table for ac-

celeration factors:
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Aviation Futures i a~
Expansive Growth 1 2

Resource Allocation 2 3.

Muddling Through 3 ½
As an illustration, for the “Expansive Growth” Aviation Future,

Ci = 1), the computer speed in million instructions per second

(MIPS) in 1986 is forecasted to be:

MIPS1 (1986) = MIPS2 [2 (1986— 1980) + 1980)

141PS2 ( 1992)

That is, MIPS in 1986 for “Expansive Growth” Aviation Future

is expected to be equal to MIPS in 1992 for Resource Alloca-

tion Aviation Future. In other words, Expansive Growth accel-

erates technological growth as compared to the baseline case.

Similarly,

MIPS3 (1986) = MIPS2 [½ (1986—1980) + 1980]

= MIPS2 (1983)
That is , MIPS for “Muddling Through” Aviation Future is expected

to be equal to MIPS in 1983 for Resource Allocation Aviation

Future. Thus, “Muddling Through” decelerates technological

growth of computers.

Since the “unconstrained forecasts” were made in Volume I for

the Resource Allocation Aviation Future as the baseline case,

it is easier to find the year in which the computer character—

istics in each scenario will reach the forecasted values for

the baseline case. Thus, we may go back to equation (1), and

solve for t after setting the argument of C2 equal to the

40



- a - a - a----- ---- -
~~ 

- - a- a - a-a-a-a- a-a-a-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

grid years of 1985, 1990, and 2000. For example, the ques-

tion is asked, for the Expansive Growth Scenario, when will

the computer characteristics reach those for the baseline

case in 1985. Solving for t by using the equation

2(t — 1980) + 1980 = 1985

and t = 1982.5

That is, Ci (1982.5) = C2 [a1 (1982.5 — 1980) + 1980]

= C2 (1985)

Repeating the above calculation for all the scenarios and for

all the grid years resulted in the conditioned forecasts in

Table 6. The left half of Table 6 gives the five points in

time. Each horizontal line in the left half of Table 6 essen-

tiafly describes a “milestone” of the future microcomputer

technology. The right half of Table 6 gives the years in which

these milestones will be reached by the three alternative avi-

ation futures. As indicated, the first two milestones will be

reached in the same years by the three alternative future

scenarios because of the near—term momentum and inertia of the

computer industry. The last three milestones, however, will

be reached in different years by the different scenarios--

Expansive Growth being the fastest and Muddling Through the

slowest. The year “1982.5” represents the time of late 1982

and early 1983.

These conditioned forecasts are portrayed in Figures 4 through

8 for the computer characteristics of speed, power , size ,

weight, and cost, respectively. The plots are simply graphic
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displays of Table 6. Each breakpoint in these plots rep-

resents the reaching of a milestone. Since the most advanced

projected milestone will be reached by the expansive growth

scenario in 1980, the plots corresponding to this scenario

end before the year 2000. It should be noted that the above

algorithm can be applied to the uncertainty bands in the

forecasts, although they have been omitted to avoid confusion.

VII. Summary

This chapter combines the results of technological forecasts

and state—of-society assumptions. The five major character-

istics of typical ground-based microcomputer systems for avi-

ation applications (microcomputer speed , power, size, weight,

and cost) have been forecasted as functions of three alterna-

tive aviation futures (expansive growth, resource allocation,

and muddling through). These conditioned forecasts will be

used as a basis for ‘assessing microcomputer impacts on the

National Aviation System and assessing the corresponding

FAA policy implications, all in the context of alternative avi-

ation futures.
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CHAPTER III

IMPACTS OF MICROCOMPUTERS ON THE
NATIONAL AVIATION SYSTEM

The purpose of this chapter is to focus on the impacts of micro-

computers on the National Aviation System (NAS), and includes

both impact identification and analysis. Chapter I of this

Volume delineates that the speed of advances in microcomputer

technology and the associated specific impacts on the NAS are

imbedded within particular alternative future states of society.

As specific alternative future states of society differ, so

will the specific impacts of microcomputers on the NAS.

Throughout this chapter, three alternative aviation futures,

Expansive Growth, Resource Allocation, and Muddling Through,

as outlined in Chapter II and Appendix A of this Volume, were used

to condition the impacts of microcomputers on the NAS. It

is clear from Chapter II and Appendix A that the differences in micro-

computer advances and i’esulting social impacts , as a function

of alternative futures, are mainly differences in degree rather

than differences in kind. It is expected that the impact of

microcomputers on the NAS will differ similarly. The greater

the advances of microcomputers, the greater the impact. To

simplify the presentation , the Resource Allocation scenario

will be used as the reference future scenario from which NAS

impacts will be assessed. This approach was taken because the

Resource Allocation scenario projects an alternative future
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bounded, relative to aviation activities and microcomputer

development, by the Expansive Growth and Muddling Through

scenarios previously mentioned.

I. Overview of NAS Impacts

Some of the various applications of microcomputers within

NAS have been discussed in Chapter VII of Volume I. It is

through these and other applications that microcomputers

will exert impacts both directly and indirectly on the NAB .

In other words, applications of microcomputers within the

NAB are the link between general microcomputer technology

and areas of impacts on NAB in a causal chain. This causal

chain can be lifted from the conceptional structure of

microcomputer impact analysis (Figure 1 of Chapter I) as

the simple flow diagram shown in Figure 9.

To provide an overview of the impacts on the NAS which could

be exerted by the potential use of microcomputer technology

through applications within the NAB , a matrix has been con-

structed (Figure 10), in which the columns delineate major

applications within the NAS, and the rows potential impacts

on the NAB. The columns consist of the following six main

application sectors:

(1) UG3RD and Post-UG3RD ATC

(2) On-board Computers

(3) Remote Monitoring of Federal Aviation
Administration (FAA) Equipment

(4) FAA Information Processing
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(5) Landside Airport Operations

(6) Simulation Using Computer Technology

As illustrated in Figure 10, the “On-board Computers” sector

can be divided into the four application categories of

(a) flight monitor, (b) flight control, (c) flight manage-

ment, and (d) performance computers. The “Landside Airport

Operations” sector can be divided into the application

categories of (a) passenger processing and (b) baggage and

freight handling, for a total of ten application sectors.

The potential applications within the NAS for microcomputer

technology have been discussed in Chapter VII of Volume I.

There are 59 rows in the matrix (Figure 10), each row corre-

sponding to a potential impact area affecting the HAS. These

impact areas were identified as a result of a joint effort

between the FAA and The Onyx Corporation project team, after

1) consideration of the many variables in a NAS computer

model [1] and, 2) intuitive and preliminary analysis of

variables likely to be affected by the application of micro-

computer technology, and 3) subsequent selection of those

variables impacted which would be of interest to future

FAA policy considerations. Most of the variables impacted

were quantifiable (units of measurement are indicated in

parentheses in figure 10), however, a few impact areas

(e .g . ,  ATC operating procedures , and manufacturing processes)

could only be described qualitatively.
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The 590 cells of the matrix each represent the potential

impact of a microcomputer technology application within

the NAB on an area of the NAB. The intensity of each

potential impact was first assessed intuitively. This

was a relatively simple process for applications which

resulted in direct impacts; e.g., flight control computers

used to optimize engine combustion efficiency. However,

indirect impacts could be adequately assessed only after

tracing through several stages of causal relationships

using the “ impact tree ” method (to be explained later). The

results of assessing both direct and indirect impacts, and

the associated interactions, are summarized in a coded form

in Figure 10. The intensity of each impact is indicated by

the number of dots in the cell corresponding to that impact,

viz., two dots indicate a major impact and one dot a minor

impact. Solid dots represent direct impacts while hollow

dots represent indirect impacts. As shown in Figure 10,

most impacts are direct, although major indirect impacts do

exist.

The matrix in Figure 10 does more than present an overview

of the relative impact intensity of potential microcomputer

technology uses within the NAS. The use of dots or no dots

in each cell as a measure of impact intensity compelled or

stimulated imagination and visualization of how the ith

application usi~-ig microcomputer technology could impact,

directly or indirectly , the jth area. The matrix was

I
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therefore an instrument for applying the morphological

approach (2] to impact analysis. Use of the matrix for

quantitative analysis is discussed in Appendix B.

While the matrix in Figure 10 is a convenient format to

summarize the results of impact analysis, it does not show

the rationale used to attain the results, especially the

assessment of indirect impacts. For this purpose, “impact

trees” were used to augment the results.

Impact trees may be portrayed as flow diagrams, with arrows

indicating the direction of successive consequences result-

ing from initial events (or technological developments)

which set the sequence of events in motion. In some cases

a dotted line is used to show negative consequences or one

event that constrains another event. In this tracing method*,

the rationale associated with impact assessment is explicated

for group interactions, and facilitates subsequent review

and modificatiOn(s). In fact, Figure 9 may be considered an

impact tree in the most aggregated and simple form, showing

a two-stage chain through which microcomputer technology

exerts impacts on the HAS. Specifically , Figure 9 should be

disaggregated in order to illustrate these microcomputer

characteristics which are especially important in leading

to selection of the technology for specific HAS applications ,

*Impact trees is an impo±-tant tracing method for technology
assessment (3], and was employed as the cardinal principle
for impact assessment in the DOT/NASA Intercity Travel
Technology Assessment project (4].
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which in turn result in specific impacts on the NAB. Figure 11

shows generically a portion of such a disaggregated impact

tree, and shows that future microcomputer technological
developments would result in components and systems that

are smaller, cheaper, more reliable, etc. As acquisition,

maintenance, and operation costs of microcomputer systems

decrease significantly, increased use of on-board computers,

more ATC automation, increased use of simulators for train-

ing pilots, etc., should be expected. Such applications

would then result in lower fuel consumption, less delay in

air traffic flow, and lower training costs.

It should be noted that, if all the possible linkages between

all the improvements in microcomputer technology, NAS appli-

cations, and the direct and indirect impacts on the NAB were

displayed in Figure 11, the diagram would be far  too compli-

cated for effective use. For clarity, only segments of the

disaggregated tree are presented, each segment corresponding

to a cluster of HAS impact areas. Even so, only the most

salient -linkages will be displayed in each segment of the

total impact tree. Before the specific impacts are discussed ,

it is important to explain how the salient linkages were

identified and how the intermediate and final impacts were

assessed in terms of their direction and intensity of change.

Essentially a great deal of judgement was used in the impact

identification and assessment; the procedure combined the

following activities:
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(1) Develop a thorough checklist of relevant
considerations

(2) Methodically go through the checklist for
each potential impact

(3) Interview a number of knowledgeable people
(experts/users/planners)

(4) Study the pertinent literature

The checklist of considerations includes (1) the NAS

performance criteria of safety, economy , energy, and environ-

ment (S3E), (2) the question of how, how much, when, and

under what conditions the specific impacts will be exerted ,

(3) how society may respond to these impacts, (4) the social

value issues which accompany computer developments and appli-

cations, and (5) the 59 impact areas identified in Figure 10.

The knowledgeable people interviewed for impact analysis

included representatives of various FAA offices (Policy,

Facilities, Systems Engineering, R&D, etc.), personnel from

DOT , NASA , ERDA , in addition to users and experts such as

pilots, air traffic controllers , aircraft industry , and

independent research institute experts. A list of inter-

viewees is provided in Appendix D.

The pertinent literature used for the impact analysis included

FAA reports, related technology assessment reports, profes-

sional journals, conference proceedings, etc. A bibliography

of pertinent literature is provided in Appendix E.
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II. Specific Impacts of Microcomputer Technology on Areas of the NAB

In this section the specific impacts of microcomputer techno-

logy on 19 NAB impact areas will be discussed . These 19

areas embrace all 59 rows of the impact matrix (Figure 10).

Of the 19 areas, 12 were selected for detailed investigation ,

and for each, a particular segment of the total NAB impact

tree was identified. The 12 impact tree segments are

Figures 12-23. Each tree begins with the general trends of

microcomputer technology, delineated in Chapter II, viz.,

cost, speed, weight, size, and ends with specific impacts,

which are underlined.

A. Changes in ATC Operating Procedures

The impacts of microcomputer technology on ATC operating

procedures depend upon how microcomputers and associated

technologies are incorporated into ATC systems and at

what level of sophistication. As Figure 12 shows, changes

in ATC operating procedures come about not merely due to

one, but many uses of microcomputers. In the Resource

Allocation scenario, reductions in size , weight, power

requirements and cost of microcomputers should result in

low cost on—board flight monitor, control, management

and performance computers (see Chapter VII, Volume I).

Use of such on-board computers should give pilots increased

information processing capability that may be used in air

traffic control. On the ground side, reductions in com-

puting costs and increases in computer speed and memory
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Changes in ATC Operating Procedures
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capabilities should result in increased ATC automation,

if the FAA chose to increase the computational capaci-

ty of the ATC systems using microcomputer techology 
-

advances at lower costs. As the forecasted trends in

microcomputer speed, weight, size, power requirements

and cost continue, technological barriers to automa-

tion will not be hardware, but limitations in input!

output devices (throughout) and the development of —

appropriate software.

Enhanced pilot information processing capabilities and

increasing ATC automation could result in increased

pressure by pilots on FAA for an airborne ATC system

or at least a greater role in ATC. Pilot frustrations

over the inability to make use of potentially powerful

new technology avionics and on-board computers, and

an increasing reluctance to “flying blind ,” (taking

ATC commands from “some machine”) should be the driv-

ing force for more airborne (cockpit) ATC responsi-

bility. If FAA decides to increase the pilot ’s role

in ATC, ATC procedures would require drastic altera-

tions from the present ground-oriented ATC system.

If pilots do not assume some of the controller work-

load, then even more ATC automation would- be necessary

to keep up with growing air traffic demands.

The very process of automating certain ATC functions may

also result in changes to ATC procedures . The process
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of analyzing a particular ATC procedure in order to de-

velop the needed supporting- software and algorithms may

reveal areas where the procedure could be improved upon

even more. ATC procedures may also be changed because

of the increasing capability of microcomputers to store

and process information. Procedures that a human con-

troller would not be able to adequately use because the

sheer magnitude of information to be evaluated and acted

upon would saturate human capabilities, could be pro-

cessed by an automated ATC system using advanced micro-

computer technology.

The forecasted trends in microcomputer technology could

be used to increase the number , level of sophistication,

and presentational realism and accuracy of landside simu-

lators at a lower cost. Using sophisticated landside

simulators to “experiment” with ATC procedures may bring

about new or alternative procedures that normally would

not be evaluated and/or exercised because of safety

restrictions. Unlike a “real-world” situation, experi-

mentation using simulators run no risk of castastrophe

if the procedures being tested prove to be unsafe. Simu-

lators, therefore, could be used to test a number of

alternative ATC procedures in a shorter time span than

in real—world experiments to determine adequacy , relia-

bility, and applicability.
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In the Expansive Growth scenario, the impacts of micro.—

computer technology should be similar to those of the

Resource Allocation scenario because of similarities in

microcomputer applications, but should come about sooner.

Because of the projected rapid development of microcom-

puter technology delineated in the Expansive Growth

scenario (including cost reductions, utilization of on-

board computers) the development of automated ATC pro-

cedures, and experimentation with simulators should

occur at a faster rate than in the Resource Allocation

scenario. The faster rate of microcomputers usage

means that the impacts associated with that usage

should occur at a faster rate. In the Expansive Growth

scenario, pressure for an increased pilot-role in ATC

should increase, automation of and the resulting changes

in ATC procedures should accelerate, in addition to

experimentation, testing , and implementation of new

and alternative ATC procedures.

Because of the relatively slow development and utiliza-

tion of microcomputer technology in the Muddling Through

scenario, no great impacts on ATC procedures are seen.

Some automation of air t r a f f i c  control will probably

occur but declining levels of air t r a f f i c  should retard

implementation. Better simulators on a limited basis

will probably be developed for pilot training, but the
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declining level of air traffic will probably limit

extensive experimentation with ATC procedures. Due to

the lower level of microcomputer sophistication and the

higher cost of microcomputer systems relative to the

Resource Allocation scenario, on—board computers will

probably not be as widespread as in the Resource Alloca—

tion scenario. Pressure for an increased pilot-role in

ATC will probably still exist, but its intensity greatly

reduced from the level anticipated in the Resource Allo-

cation scenario.

B. Training and Maintenance Requirements

Utilization of microcomputer technology will result in

changes in FAA training and maintenance techniques and

procedures. Use of the technology will however depend on

the rate at which it is integrated into the NAS and the

level of sophistication of that integration. Figure 13

traces the changes in maintenance and training procedures

and techniques assuming integration of microcomputer tech-

nology. Microcomputers and the associated technologies

will be used by the FAA in the HAS regardless of scenario,

however, the resulting impacts will vary in intensity not

nature and will be due to fundamental differences in the

scenarios. In the Resource Allocation scenario, decreas—

— 
ing cost should result in extremely low cost replacement

parts. As the unit costs of replacing electronic systems

and subsystems decreases, a “throw-away” approach to
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Training and Maintenance Requirements
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maintenance should emerge. Rather than correcting a

fault by laboriously tracing it to a single component

and then replacing or repairing that single part, the

fault would be corrected by merely isolating it to a

module and/or subsystem and replacing the module in

total, similar to replacing a failed vacuum tube.

— Additionally , the process of detecting and isolating

faults should become simpler. Improved maintenance

techniques developed due to the new microcomputer tech-

nology,in addition to increased microcomputer speed,

memory, storage, diagnostic software/firmware, should

facilitate detection and isolation of faults . Such

didgnostic software/firmware along with Continuous

internal and/or remote monitoring of vital primary and

back—up system functions and parameters could be visually

displayed via CRT and/or advanced technology display pro-

viding maintenance personnel with continuous read—out

(past and present) of system performance; including warn-

ings of both the existence of a failure and its location.

Automated fault detection and isolation techniques combined

with the procedures of throw-away replacement of components

and subsystem modules would make routine maintenance as

simple as obtaining a read-out (remote or on-site) of a

fault location within a system network and on-site re-

placement on a modular basis. The laborious task of
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testing and checking circuits by hand and then replacing

individual parts that make up traditional electronic

“benchwork” repairs would be unnecessary except in

unusual cases. Increased reliability of microcomputer

circuits, modular system design to allow bypassing of

faulty circuits, and system redundancy as well as advanced

algorithms to predict mean time between failures to

enhance preventative maintenance should also result in

less replacement and “benchwork” maintenance. In certain

cases, microcomputer circuits might not only be fault

detecting but fault correcting as well.

Because of the projected automation enhanced maintenance

functions, skills required for repair personnel should

shift from the traditional emphasis on “benchwork ”

expertise, to training in the use of automated diagnostic

software/firmware and related equipment. As the emphasis

in maintenance shifts to automated diagnosis, the skills

required to perform routine on—site maintenance tasks

would become less complex. If most fault detection were

performed by machine, it would become less important

for each maintenance crewmember to have an in depth

understanding of the total system. This philosophy in

maintenance should result in a shift in work force compo-

sition and areas of specialty . Automated diagnostic

techniques will probably not be confined to merely elec—

tronic systems. With advances in sensor technology ,

64

_ _ _  _ _ _  - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



microcomputer “brains” attached to mechanical devices

would be able to monitor the vital functions of a

mechanical device and quickly pinpoint problems for a

technician. Continuous monitoring and recording of the

behavior of vital mechanical functions would allow

tracing and correction of problems that only show up

during actual operations, rather than during maintenance

checks ; problems that today are difficult to diagnose and

correct. Such systems of continual monitoring and record-

ing are currently being tested by the U.S. Navy with good

results.

The use of continual system monitoring in both preventive

and corrective maintenance coupled with the changing com-

position of the maintenance work force, should make it

both technically feasible and economically desirable to

implement remote monitoring of FAA ATC equipment. This

concept in maintenance would result in fewer, more geo—

graphically centralized maintenance centers (housing both

the work force and parts). The crew and the replacement

parts could then be dispatched to the remotely located

equipment only when there was a need for on-site maintenance .

The increased use of microcomputers should also result in

changes in the level of training of FAA personnel respon-

sible for certification of aircraft and aircraft systems.

As microcomputers become the “brains ” in most avionics ,

the FAA personnel involved with avionics will need to be
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trained in microcomputer technology. Given the rate -

of change forecast for microcomputer technology, this

training would need to be on a continual basis in order

for FAA personnel to keep up with advances in the techno-

logy and upgrading of avionics hardware/software via

retrofit.

As is the case with most all of the impacts of microcom-

puters, the impacts in the Expansive Growth scenario

should not differ greatly from the impacts in the Resource

Allocation scenario except in speed of occurrence. Con-

tinuous monitoring, high reliability, fault detection!

correction circuits, sophisticated diagnostic software!

firmware and low component replacement costs should accom-

pany the installation of new equipment, as retrofit of

older equipment with advanced microcomputer technology

features is generally unfeasible , technically and/or

economically . With more rapid installation of new equip-

ment, the impacts discussed above should occur more

rapidly in the Expansive Growth scenario.

The Muddling Through scenario will probably see little

change in maintenance techniques, due to restrained

advances in microcomputer technology. Automated diag-

nostic techniques will probably not be widespread , with

“benchwork” maintenance still the rule. Increased train-

ing in microcomputer technology for personnel involved in
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certification and inspection of avionics will probably

still be necessary but constant retraining should be

less important due to a slower rate of technological

change .

C. ATC Equipment Options

Air traffic control equipment options will be impacted

by microcomputer technology in both the UG3RD and post-

UG3RD ATC systems (see Figure 14). Microcomputer techno-

logy is already firmly iinbedded within UG3RD. For

example, the Microwave Landing System (MLS) and the Wake

Vortex Avoidance System (WAS) are both highly dependent

upon microprocessors. In the Resource Allocation scenario ,

some increase in the utilization of microcomputers should

be expected. Usage of low cost microprocessors in UG3RD

should increase the level of implementation of UG3RD

somewhat. Lower processor costs should result in a -better

cost/benefit ratio for certain UG3RD deployment configura-

tions. Since processor costs represent only a small

factor in the overall system cost, any impact due to

microcomputers should be slight. Due to the lead time

needed to finalize system design, UG3RD will probably not

contain the latest state—of—the—art technology in micro-

computers. Those systems and components of UG3RD now

scheduled to be implemented in the near future will con-

tain less advanced microprocessor technology than those

scheduled to be implemented at some later date. Because

67 
j

—— -- - - -  —a-—-- a - a - a -~~ -a- a- a- -  -a----
- -5 --a--- - - - a--  -



____________________ - a- a-
. - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -  a-a-a- - .

~~~~
a-,. - a-.---,—a-’--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

a--

microcomputer technology trends

V

decreased cost for more computing
UG3RD processor capacity available
components at lower costs

more utilization ~~more complex ATCof advanced systems purchased
microprocessors /by FAA for post-
in UG3RD design UG3RD

some increase in
the deployment /
level of UG3RD /
component s due /
to lower costs / flexible design

/ for UG3RD and greater integration
/ p~5t-UG3RD ATC and smoother tran-
/ ~~systems in order sition of systems
/ / to take advantage
/ / of rapidly chan~-

/ / ing microcoiuput~I/ 7 technology

standardiz~tion withinthe microcomputer field
to a1lo~i for be~ ter 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ restructuring of FAAsystem integration and 
~~ —~—-equipment procurementupward compatibility proceduresbetween generations

Figure 14

ATC Equipment Options
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of the rapid rate of change in microcomputer technology,

UG3RD and post-UG3RD need to be designed with emphasis

on modularity , distributive processing, redundancy,

upward compatibility and flexibility to insure that

maximum utilization of the rapidly changing microcom-

puter technology is achieved on a phased basis. Such

versatility in system design w~uld facilitate “minimum

impact” upgrading and augmentation of systems using

advanced technology microprocessors and associated

capabilities as advances in the technology become avail-

able and practical for implementation.

Because of trends towards replacement of mainframe

computers with microcomputers, any new pcst-UG3RD system

will probably be heavily microcomputer based. With a

sufficiently flexible UG3RD design , a new post-UG3RD

system could therefore be phased-in to the HAS while

keeping the best parts of UG3RD. Flexibility of design

to allow for changes in microcomputer technology would

also facilitate the smooth integration of the new post-

UG3RD with the UG3RD ATC system. Because of the com-

plexity of a post-UG3RD system and the projected rapid

rate-of-change in microcomputer technology , increased

focus on pre-planned system integration should become

necessary to avoid costly gaps and mismatches between

Components of the upgraded ATC system. In order to

accomplish such system integration , a restructuring of
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FAA’s equipment procurement procedures to take into

consideration compatibility of separate system compo-

nents would probably be necessary. Such a restructuring

would allow in-line upgrading and design change as well

as upward compatibility . Standardization of certain

areas of microcomputer design to enhance hardware/soft-

ware upward compatibility , universal component replace-

ment, one—for-one module interchange, etc., by hardware

manufacturers is highly likely, which will facilitate

easier system integration from both a functional and

cost standpoint.

The Expansive Growth scenario will probably see less

emphasis on the gradual phasing-in of microcomputer

advances in UG3RD, as is expected in the Resource Allo-

cation scenario. Replacement of entire ATC subsystems

and systems due to technological advances should be the

rule. New systems will probably be replaced completely

with even newer systems to cope with rapidly growing air

traffic , with ATC system designers struggling to keep

up with the latest advances in technology. Unless

equipment procurement concepts are drastically changed ,

system component changes would be on a piece-by-piece

basis using microprocessors as interfaces between non-

compatible equipment.

In the Muddling Through scenario, few advances past the

currently planned UG3RD system should be expected.
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However, some systems in the UG3RD will probably utilize

microcomputers to a greater extent than today. Because

- of the slow rate of development of microcomputer techno—

logy and the gradual decrease in air traffic, no major

ef fort would be place in utilizing state-of-the—art

iñict-öcomputer technology in air t raff ic  control because -

current technology can accommodate the projected demands

of the scenario. 
-

D. En Route and Terminal Capacity Options

Microprocessors are currently being used in many areas

of UG3RD including the active development of the Discrete

Address Beacon System (DABS) . In the Resource Allocation

scenario, the use of microcomputers should accelerate

the trend towards increased positive control of aircraft

(i. e., Intermittent Positive Control). As the airborne

and ground—based equipment needed for positive control

becomes cheaper and more reliable, these systems will

be implemented voluntarily or via FAA mandate.

The increase of aircraft (both in percentage and in

absolute numbers) under positive control will greatly

increase the work load for en route air traffic control

centers. Accordingly, communications in and between

these centers and, the terminal control centers, should

also increase to accommodate the “handoff” of aircraft

from one center to another. However, the number of air

t ra f f ic  controllers should remain about the same in spite

- 71

__________  
- -



- -a--,~---.-. - -
~~~~~ 

a-
~~~~~~~~~~

- - a-
~~~~~

a-a-a-a- a-

of the increase in productivity, and it is unlikely that

ATC centers will be consolidated. However, more en route

ATC equipment would be monitored remotely and serviced

less frequently by maintenance crews. The consolidation

and centralization of maintenance centers would there-

fore be quite probable.

Automated (completely unmanned) airport towers are also

a strong possibility. Such towers are intended mainly

for small and remotely located airports with rather light

traffic. Automated towers should become cheaper and more

capable due to microcomputer applications. This may very

well lead to changed (more lenient) criteria for estab-

lishing towers at airports which normally would not be

justified as towered airports.

In the Expansive Growth scenario, the above impacts should

become more pronounced , due to the rapid increase in air

traffic and the rapid development of microcomputers. In

the Muddling Through scenario, however, the projected

decrease in air traffic and improvement in communications

due to microcomputers may result in consolidation of

both ATC and maintenance centers.

E. FAA Employment

Microcomputer technology will have profound impacts

throughout the FAA work force. As shown in Figure 15,

different applications of microcomputer technology result
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in impacts on different areas of employment within the

FAA. The intensity and direction of impacts will vary

from job to job as well as varying according to scenario.

The levels of employment in one type of job may decrease

over the long-run, while the levels of employment of

another type of job may increase.

In the Resource Allocation scenario, one area of dramatic

impact should be in the employment level, especially

the area of maintenance personnel. As described

earlier in this chapter, advances in microcomputer tech—

nology will probably result in revolutionary changes

in maintenance procedures and concepts. Automated diag-

nostic techniques, continuous monitoring , throw-away

component replacement, increased reliability , etc., should

result in a shift in maintenance workload emphasis, and

should occur even though the FAA will- be purchasing

more new equipment for automated ATC. The purchasing

of more new equipment should actually accelerate the

trend of decreasing maintenance workload emphasis beà~ ise,

as indicated previously, it is the new equipment (with

new fault detection and monitoring circuits and

modular design allowing low cost throw-away replacement)

that will bring about the revolutionary changes in main-

tenance. Any increases in the workload of maintenance

personnel due to increases in the amount of FAA equipment

needed for ATC automation should be more than offset by
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9 the dramatic savings in labor time resulting from the

changes in maintenance techniques outlined earlier.

With a decrease in the frequency of maintenance,

given the adoption of automated maintenance techniques,

the FAA maintenance work force should gradually decrease

over time through attrition. A shift in the emphasis

of maintenance oriented tasks, for example, more pre-

ventative maintenance, may offset any reduction in

maintenance workload and work force size due to advanced

maintenance techniques and procedures.

With an increase in ATC automation and advances in micro-

computer technology , the work force levels of both high-

level computer personnel and lower-level computer support

personnel should change. Because of the trend towards

hardware replacing software, increasing modularity of

hardware systems design and software, task-oriented

structured programming languages, higher level easier

to use languages, and increasing software reliability

(see Chapter VI, Volume I), a decrease in the number of

personnel required for lower-level support tasks, such

as program debugging, should be expected . However, as

microcomputers reduce the technological barriers to

automation , there will probably be a greater drive to

automate more and more complex ATC functions. With both

the number and the complexity of the tasks involved in
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automating ATC increasing, the number of high-level

personnel involved in the development and construction

of suitable algorithms needed to automate ATC functions

would also increase. The rate at which the high-level

computer related work force increases depends upon the

rate at which FAA elects to automate ATC . In the

Resource Allocation scenario, a gradual trend towards

ATC automation should be expected. Therefore, the level

of the high-level computer work force should increase

somewhat initially , but level off over the long-run

as ATC functions are automated sequentially ; personnel

will be switching from task to task, rather than simul-

taneously, with a large number of personnel working on

many tasks at the same time. While more personnel would

be needed, the actual FAA payroll may not necessarily

increase. Much of the high—level system research, design

and development could be done by contractors and consul-

tants outside of FAA. Many complex tasks, such as

compiler and firmware development would be done by out-

side contractors, supported by manufacturers , rather than

done by users such as the FAA. However, the professional

competence of the in-house personnel must be commensurate

in order to plan , monitor , and appropriately utilize the

work done outside. While outside personnel could be used

to keep FAA employment levels from increasing , the number

of personnel being supported outside the FAA budget for

computer-related work should increase.
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Any increase in the amount of ATC automation should

also have an impact on the number of air traffic control

and flight service specialists employed by FAA . Even

with the increasing volume of air traffic and with

controlled General Aviation (GA) flights resulting

from better and cheaper avionics available to (or imposed

on) GA, it is unlikely that the size of the controller

work force would change appreciably , due to the gains

in productivity contributed by ATC automation. Automa-

tion of the flight service station (FSS) function,

however, will probably be more complete and should come

about sooner than any other ATC function to be automated.

Use of microcomputer-based “smart” terminals for pilot

self-briefings and microcomputer-enhanced information

storage and retrieval systems (see Chapter VII, Volume I)

should lead to almost total automation of FSS operations.

Remotely located FSS operations may be closed completely.

Thus, FAA should be able to decrease the size of the

flight service specialists work force over time through

attrition.

As mentioned in Section IIB, Training and Maintenance

requirements , advances in microcomputer technology

should result in the added capability to continuously

monitor both mechanical and electronic aircraft systems.

Widespread use of a monitoring capability should dras-

tically reduce the amount of time now spent by FAA

flight inspection personnel in the certification of

_ _ _ _  _ _ _ _  _ _ _ _ _  _ _



a-—--~a-a-a- a-a- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- a- -wa-a-. - a - a - - -—,~~~— a--a-a----~~- -a-a--~~~~-~~-a
-

aircraft. Continuous monitoring and recording of air-

craft systems would allow instantaneous inspection,

ii cluding examination of recorded past performance of

a system during actual operations. Spot check inspec-

tions performed by FAA may become merely reading a

computer printout. This should increase the time re—

quired between inspections and reduce the total amount

of time required for certification. While the amount,

sophistication and complexity of avionics in aircraft

needing inspection will probably increase due to

better, cheaper microcomputer—based avionics coming

on the market at a faster rate, the overall effect of

microcomputers will probably be to reduce the number

of flight inspection personnel. FAA may then choose

to reduce the size of the work force involved in

certification of aircraft through attrition due to

reduced time needed to inspect a unit.

In addition to the impacts on FAA through utilization

of microcomputers in aviation systems, the Resource

Allocation scenario will also probably see a number of

impacts due to microcomputer uses in word processing

and information systems. Advanced word processing systems,

using microcomputer-based terminals and bubble memories

will almost surely replace many conventional typewriters.

Voice-actuated typewriters/terminals are also a strong

possibility. Computer storage files may replace paper
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in the office of the future with instant access to

information via a terminal and visual display . Many

computer companies are presently working on the idea

of the paperless office of the future. Such advances

in word processing brought about by improved micro-

computer technology should have a dramatic impact on

those FAA employees involved in clerical work. Any

resistance to the introduction of advanced word pro-

cessing systems should decline as these systems become

common. Thus, clerical personnel would find their

jobs drastically changed. Constant development of new

office machines would call for constant retraining of

office personnel. The ratio of professional staff to

clerical support personnel should increase , due to the

dramatic increase in the productivity of clericals

brought about by advanced word processing systems. The

administrative duties of clerical positions will prob-

ably increase. Fewer purely clerical personnel should

be needed , resulting in a reduction of the FAA clerical

positions and widespread use of distributed information

processing systems made possible by microcomputers may

change the way in which information flows throughout

the FAA . This in turn will probably result in changes

in the formal and informal organizational structure of

the FAA. Those who are familiar with and can master

the new information system are likely to assume more

d.e facto authority and responsibility .
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The impacts of microcomputer technology on the employ-

ment level of the FAA work force in the Expansive

Growth scenario should differ only in the magnitude

of impacts from that of the Resource Allocation

scenario. The rapid increase in the number of new

and/or advanced systems requiring maintenance, pro-

jected in the Expansive Growth scenario, is unlikely

to be of sufficient magnitude to offset the anticipated

decrease in the time required for both preventive and

corrective maintenance projected as a result of the re-

volutionary advances in maintenance concepts and tech-

niques implemented resulting from the use of microcom—

puters and associated technology. Therefore, the

employment level of the FAA maintenance work force

should decrease in both the Expansive Growth or Resource

Allocation scenarios. The increased need for high—level

computer personnel should be even greater in the Expan—

sive Growth scenario than in the Resource Allocation

scenario, at least in the near term. Because of the

more rapid development of microcomputer technology in

the Expansive Growth scenario, the push for automat4 - n

should be greater and , therefore, the need for high-level

computer personnel should be greater than in the Resource

Allocation scenario. As the level of automation peaks,

the number of high-level computer personnel engaged in

the task of automating ATC should begin to decline. In
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the areas of flight inspection and air traffic control,

the number of personnel required will probably increase

in the Expansive Growth scenario rather than decrease as

in the Resource Allocation scenario. The extremely

rapid increase in air traffic in the Expansive Growth

scenario would be more than enough to offset any gains

in controller productivity attained by ATC automation,

even with the use of advanced microcomputer technology .

The increase in air traffic will probably be too fast

for automation to hold the number of controllers down.

Increased numbers of aircraft along with greatly increas—

ed use of better, cheaper avionics due to low-cost micro-

computers would also be too great to be offset by ad-

vances in continuous monitoring. A reduction in the

time required to inspect an aircraft should still be

dramatic, but the explosive growth in both the number

of aircraft and the amount of equipment will probably

force an increase in the amount of flight inspection

personnel in order to keep up with the growing demand.

The number of flight service specialists should decline ,

however, because of the relative ease of FSS automation

implementation. Other areas of ATC automation may prove

- to be difficult and should retard implementation. The

capability resulting from automation of the FSS should

be more than enough to offset the explosive growth of

the Expansive Growth scenario. The reduction in the
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clerical support staff projected in the Expansive

Growth scenario should be more pronounced than in the

Resource Allocation scenario. The development of the

“automated office” of the future which will be stimu-

lated by growth projected in the Expansive Growth

scenario and the reduced role of government in aviation

should result in a reduced clerical support work force.

Changes in the FAA organizational structure due to an

emphasis on the relative reduction of government activ-

ity, as projected in the Expansive Growth scenario,

should facilitate formal and informal restructuring of

FAA to accommodate new information flow patterns brought

about by an advanced microcomputer-based information

system.

In the Muddling Through scenario, the impacts of micro-

computer technology should be rather subdued compared to

the Expansive Growth and Resource Allocation scenarios.

Due to slow advances in microcomputer technology , slow

adoption of the new technology by FAA , and continued

reliance on old equipment, the size of the FAA mainte-

nance work force should not be expected to decrease.

Little new equipment should be purchased and the new

equipment that is purchased should not contain the ad-

vances in technology needed to facilitate changes in

maintenance techniques. The number of high-level comput-

— er personnel needed should not increase in the Muddling
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Through scenario due to a low emphasis on ATC automation,

which will be practically non—existent, with the exception

of some automation done in the early 1980’s. - The number

of low—level computer support personnel may increase

slightly in the short run due to continued reliance on

older software and computer systems. In the long run,

however, even the low-level computer support work force

should decrease as the level of air traffic decreases.

As a result of the decreasing volume of air traffic,

the number of flight inspection personnel, flight service

specialists, and air traffic control specialists should

decrease slowly through attrition. The relatively slow

rate of technological advancement will additionally

result in little impact on FAA ’s clerical support staff

and organizational structure. The size of the FAA

clerical support work force will probably increase in

the Muddling Through scenario rather than decrease as in

the Expansive Growth and Resource Allocation scenarios

due to the increase in paperwork stimulated by the govern-

ment struggle to cope With growing social problems.

F. FAA Building Space

Total building space required for computer systems con-

sists of space for both the computer hardware (system,

support spaces, inventory , etc.) and space for computer

support personnel. As Figure 16 shows, the trends of

these two ~Qmponents of total building space branch in
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FAA Building Space
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opposite directions. In the Resource Allocation scenario,

the space requirements for high-level computer personnel

will probably increase as the number of personnel needed

increases due to factors mentioned earlier. While space

required for computer related personnel increases, space

required for the computer hardware is rapidly decreasing

due to dramatic reductions in computer size. According

to forecasts of system size (see Table 6), a computer

requiring an area of 16 cubic feet today, would require

a third of a cubic foot in the year 2000. Total space

savings on hardware should be even greater. The size

figures given previously do not include space savings

attributable to reductions in air conditioning hardware

because of reduced component heat dissipation or reduc-

tions in space for connectors and wire bundles resulting

from compact - computer designs. Assuming the FAA will

purchase new computer hardware in order to facilitate an

increase in the level of ATC automation, and should ,

in the long run, replace older, larger equipment, a de-

crease in the total space occupied by FAA computer hard-

ware should be expected because new equipment will be

greatly reduced in size. As the size of computer hardware

decreases, space formerly used for hardware can be used

to house the increasing number of personnel. The amount

of space that could be gained by the replacing older hard-

ware with new hardware is obviously constrained by the

area currently being allocated for such hardware.
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The gains in area could possibly be insufficient to

accommodate the number of computer personnel projected

and thus additional building space would be required.

A gradual increase in the level of the computer related

work force would probably not require the addition of

any new building space until the 1990’s or beyond. Any

increased need for actual FAA building space could also

be slowed or eliminated by the use of contractor supplied

computer related personnel. Space for contractor per-

sonnel is still an FAA budget item in the form of con-

tractor overhead. Increases in the personnel level in

non-computer related areas of FAA, however, may absorb

any space vacated by shrinking computer hardware area

requirements.

In the Expansive Growth scenario, however, the increase

in the computer support work force will probably be rapid

as FAA quickly moves towards more ATC automation. The

increase in the computer related work force will likely

be rapid enough to quickly take over all the space made

available by hardware size reduction and require even

more. Because of the emphasis on the private sector

within the Expansive Growth scenario, much of the increase

in the computer related work force could probably be

absorbed by outside private research and development

firms, thereby alleviating some of the need for a commit-

ment by the FAA to its own building space.
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In the Muddling Through scenario there should be no need

for the FAA to increase building space. While advances

in microcomputer technology will probably be slow, hard-

ware size will decrease and some replacement of older,

larger machines with newer, smaller equipment is likely.

There should , however, be little if any increase in the

number of computer related employees as the decreasing

volume of air traffic reduces the need for more ATC

automation. Any space gained by the reduction in hard-

ware size would not be totally absorbed by increases in

the computer related work force. Among the three alter-

native aviation futures, only the Muddling Through

scenario should contain an actual increase in the amount

of unused building space available to FAA computer

operations. 
-

G. FAA Computer Investment and Operating Costs

Total FAA costs for both the initial investment for

computer systems and for ongoing operation and mainte-

nance are the result of many different factors. As

Figure 17 shows, total FAA computer investment costs

depend on both the cost of the hardware and the amount

of hardware acquired , while changes in operation and

maintenance costs would result from changes in mainte-

nance techniques, personnel levels, hardware and mainte-

nance reliability , and energy requirements. As mentioned

earlier, the Resource Allocation scenario should see a
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FAA Computer Investment and Operating Costs
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gradual increase in the level of ATC automation and an

increase in the number of computer systems purchased by

FAA. The purchase of more computer systems would be

required in order to provide the increased computing

capability necessary to accomplish ATC automation. As

earlier forecast (see Chapter II), advances in microcom-

puter technology should result in greatly expanded

computing capabilities at a lower cost. In the short

run, the requirement for greatly increased computing

capacity due to ATC automation may result in higher

investment levels. The long—run trend, however, should

be a reduction in the level of FAA investment in computer

systems as technological advances result in the avail-

ability of even greater computing capacity at lower costs

and the FAA gradually reaches the point where it no longer

needs to expand to accommodate NAS growth.

Different areas of FAA computer operations costs should

be affected by microcomputer technology in a variety of

ways. The increase in high—level computer personnel

could result in an increase in labor costs. While the

cost of high—level computer personnel may not be consid-

ered by some as a direct computer operating cost, it

is computer related. A decrease in the number of low-

level computer personnel due to increased software

reliability and versatility should result in a decrease

in direct labor costs. Improved software versatility 
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and reliability should result in less equipment downtime.

Improved hardware reliability should reduce the need for

large spare part inventories. Reducing the inventories

of computer spare parts should help reduce operating

costs by reducing the amount of capital tied up in non-

productive inventories. Improved hardware reliability

and advanced maintenance techniques should reduce overall

maintenance costs. Reduced energy requirements realized

with new computer systems (see Volume I) due to reduced

air conditioning needs and system power consumption

should result in lower costs for electricity , or at

least a reduction in the rate of cost increase assuming

electricity prices increase. On the other hand, increased

centralization of maintenance for ground-based ATC equip-

ment may absorb savings gained due to the increased

energy costs associated with dispatching maintenance

personnel to remotely located ATC equipment from regional

centers.

The rapid growth in FAA purchases of greater computing

capacity in the Expansive Growth scenario should cause

a rapid growth in the level of FAA computer investments.

The general economic prosperity as well as the specific

demand for more, newer ATC equipment to handle more air

traffic should result in greater pressure for an increase

in the FAA budget for computer hardware investment.

Also, as indicated in Chapter II, the time between computer
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generation changes will be shorter in the Expansive

Growth scenario. Investment levels should therefore -

remain high as FAA continuously upgrades its computer

hardware with the latest state—of-the-art. In the

long run, microcomputer cost reductions should decrease

the magnitude of the investment. Trends in operation

costs should be relatively the same as in the Resource

Allocation scenario except that the rate of change

should be faster. Indirect labor costs should increase

faster as increased numbers of high-level computer

personnel are hired. System reliability should increase

faster, and maintenance and energy costs should decrease

faster due to advances in both microcomputer technology

and energy production technology. Spare part inventories

will probably not decrease as much, however, due to the

increase in the number of FAA computer systems at various

generation levels of computer technology development.

In the Muddling Through scenario, computer investments

by FAA should. decrease due to a lack of need to expand

computing capacity because of decreasing air traffic.

Operating costs should increase as the reliance an older,

less efficient and reliable machines force maintenance,

lower-level computer support, and energy costs up. Some

operating cost reductions will probably be achieved but

the slow rate of advances within microcomputer technology

and the even slower rate at which those advances are
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utilized should severely limit any attempts to reduce

operating costs and level-of-effort.

H. FAA Software and Hardware Scrappage

There is nothing inherent in microcomputer technology

that would require the replacement of present day soft-

ware in order to make a microcomputer function. Software

currently running on FAA ’s mainframe computer should be

transferable (with minor compilation adaptations) to

future mainframes built using microcomputer technology.

No major software changes are anticipated. However, to

take full advantage of the increased computational

capabilities, compiler efficiency , expanded use of firm-

ware, and distributed processing potentials of micro-

computer technology, FAA may opt to modify and/or re-

place existing software. Because of the strong desire

to conserve resources, the Resource Allocation scenar~

wili probably see a low level of software scrappage. N

systems and software will probably be phased-in rather

than replacing existing systems entirely and/or frequently.

Software will probably only be replaced when it is clearly

shown to be (1) inadequate, (2) unworkable , (3) ineff i-

cient, or (4) incompatible. With advances in technology

proceeding rapidly , all of the FAA software may fall into

one of these four categories by the year 2000 and be

replaced. In many cases, a substantial amount of existing
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software would be replaced totally or partially with

firmware rather than new software.

The rate of scrappage of computer hardware will be deter-

mined by (1) the adequacy of existing equipment to do a

particular job (either existing or new), (2) the cost of

investing in new equipment versus the cost of maintaining

and operating the old equipment, and (3) the availability

and cost of maintaining adequate spare inventories.

Concern over maximum usage of resources in the Resource

Allocation scenario should promote a modular approach

toward system design, acquisition and replacement. Old

components of a system would be modified (as economically

feasible) to function with newer parts and systems, and

would not be replaced or scrapped until maintenance and

operation costs become excessive. Getting the most out

of older systems would be of great concern.

Because of its fast moving nature, the Expansive Growth

scenario should see the greatest amount of both hardware

and software replacement. The trend will probably be to

replace entire systems with the concern over meeting

rapidly growing demand taking precedent over replacement

and scrappage costs. Today ’s hardware will probably be

replaced in the near future with new hardware containing

yesterday ’s software with a combination of firmware and

enhanced new software.
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Because of anticipated slow rates of acquisition of new

systems, the Muddling Through scenario should contain

the least amount of hardware and software scrappage.

A slower rate of development of microcomputer technology

along with the decrease in air traffic should make any

major effort to scrap existing hardware and software

unnecessary. Some firmware will probably replace soft-

ware in an attempt to reduce costs but overall the level

of scrappage should be low.

I. Safety

Increased use of microcomputer technology should result

in an increase in the safety of the entire National

Aviation System (NAS). In the Resource Allocation

scenario, many different uses of microcomputers should

contribute to increased HAS safety. Low cost micro-

computers could sufficiently reduce the price of colli-

sion avoidance systems and other safety oriented avionics

enough to justify an FAA mandate for use in general

aviation (GA) as well as air carriers. Widespread use of

lower cost microcomputers as the prime components in

RNAV avionics systems should facilitate routing aircraft

around highly congested areas (terminal approaches as

well as en route airways), thereby further reducing the

already small number of mid-air collisions . On-board

avionics computers may be used as pilot back-up systems

to reduce human error. An example of one such pilot back-up
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system already in use is the ground proximity warning

system. On-board continuous monitoring and recording

systems with capabilities far exceeding current flight

data recorders should provide valuable information to

investigators about situations resulting in accidents,

in addition to being available for collective evaluation

to prevent future accidents. Reduced costs of microcom-

puter—based flight data recorders may facilitate the

use of such equipment on G.A. aircraft. The use of simu-

lators for training should help reduce accidents through

increased training of both pilots and controllers at

reduced intervals. Advances in maintenance technology ,

especially the ability to detect and repair faults that

may otherwise go unnoticed until total system failure

occurs, should result in fewer accidents. Expanded ATC

capacity due to microcomputer-based ATC automation should

also help reduce the number of accidents and near acci-

dents. While usage of microcomputer technology may

reduce the accident rate, whether or not the impact will

be great enough to offset the rise in air traffic and

produce an actual decrease in the number of accidents is

unclear .

The extent to which microcomputer technology applications

will in-rease aviation safety is determined by the extent

to which microcomputers are used (airside and landside).

The impact of microcomputers on safety should be greater
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in the Expansive Growth scenario than in the Resource

Allocation scenario due to the faster development and

usage of the technology. Because of the rapid increase

in air traffic in the Expansive Growth scenario, the

use of microcomputer technology should result only in a

reduction in the accident rate not the absolute number

of accidents.

In the Muddling Through scenario, the number of aviation

accidents should decline primarily due to a decrease in

the volume of air traffic. The use of microcomputer

advances should account for some of the reduction but

not a significant amount because of the slow rate of

development of microcomputer technology .

J. Environmental Degradation

Microcomputer technology should help to reduce potential

environmental degradation by decreasing both emission

and noise. In the Resource Allocation scenario, the use

of on-board computers to control and monitor engine

performance to achieve more complete combustion should

result in both reductions in aircraft emissions and noise

problems. On-board computers will probably be used to

plot and track high altitude “straight-in” approaches in

conjunction with automated ATC microwave landing systems.

Such approaches should help to reduce ambient noise.

On-board computers capable of computing the short!

efficient flight paths will reduce air time, and thus

reduce emissions and fuel consumption. The use of
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simulators to train both pilots and controllers should

facilitate advanced training in techniques which would

minimize environmental damage . Expanded ATC capacity

due to microcomputer-based automated ATC and on-board

computers should reduce delay and therefore reduce

emissions, fuel consumption and ambient noise. It is

also possible that specially designed advanced aircraft ,

which drastically reduce fuel consumption (drastically

reducing emissions) and/or reduce noise , would require

active controls to achieve flight stability and maneu-

verability. Such active controls could only be prac-

tically implemented with versatile and reliable redun-

dant systems using microcomputers that are cheap,

compact , and light . As is the case with safety impacts,

the extent to which microcomputers would be able to

reduce the actual level of emissions and ambient noise

is unclear due to the increasing level of air traffic.

Other factors, such as cleaner, quieter engines would

have a much greater impact.

The Expansive Growth scenario should see a greater reduc-

tion in environmental degradation resulting from micro-

computers because of more rapid development and utiliza-

tion of the technology than in the Resource Allocation

scenario. However, the level of environmental degradation

due to noise and emissions, because of an increase in

air traffic, would be reduced more by retrofitting

97

- - -  --- S.-- ——-,-—— —- - - —  ~~~~~~~~~~~~~~~



aircraft with cleaner, quieter engines. The Muddling

Through scenario should see little improvement in

environmental degradation due to microcomputer techno—

logy . Developments in microcomputer technology will

probably not be fast enough to make a significant

difference. Noise and emission problems should decrease ,

however , due primarily to the decrease in air t ra f f ic.

K. Retrofit

The development of microcomputer technology is only one

factor in the decision to retrofit an aircraft with a

microcomputer enhanced avionics system (see Figure 18).

capital cost of microcomputer avionics systems con-

decline, the labor cost of installing a new

of equipment rather than the actual cost of the

system will become more and more the major barrier to

retrofit. Overall cost incentives for retrofitting will

therefore be determined by the interplay between decreas-

ing system costs, rising labor costs and perceived bene-

fits of the new equipment. In the Resource Allocation

scenario, systems that produce clearcut resource savings

will probably be accepted, i.e., the perceived benefits

to both the airline companies and society should be high

enough to offset costs. Retrofitting aircraft with micro—

computer enhanced avionics systems would be either done

voluntarily by the air carriers or mandated by FAA. Manda—

tory retrofit for fuel conservation would require new

legislation. Presently the FAA has the authority to only

mandate aircraft changes for safety reasons. Other systems

9
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labor costs up and reducing the profitability of retrofit.

Figure 18

Retrofit
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that do not have as high a perceived level of benefit

will be regarded as not worth the total cost and the

revenue loss resulting from idling of the aircraft during

retrofit. Extensive retrofitting of highly beneficial

systems may result in a slight short-run shortage of

labor, thereby driving the total cost of retrofit up.

With increased total costs, the benefits may not be

high enough to justify the retrofit, slowing down the

rate of retrofit. This situation would occur only if

airlines where forced to go outside of their own labor

force to accomplish the retrofit (i.e., if retrofit

were not completely voluntary , and/or initiated as a

result of an FAA mandate which specified a retrofit

completion date).

The situation for general aviation is similar to that

of the air carriers. While labor costs should be less

and lost revenues due to ground time not a concern

(especially for the personal class of GA) , perceived

benefits of new systems are much lower for general

aviation than air carriers. The balance between cost

and benefit for general aviation, therefore, should

work out the same as for air carriers. In the case of

clear-cut resource savings,retrof it should occur, but

at a much slower rate than for air carriers. Espe-

cially popular should be anything that helps reduce fuel

consumption because of the need to conserve energy.

General aviation aircraft owners will probably remain

skeptical about the value of retrofitting other avionics
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systems, however. The corporate or business class of

general aviation is the exception to the general rule ,

as perceived benefits are usually very high (near those

of air carriers) while relative costs of installation

are rather low. This combination along with any de-

crease in systems cost makes the corporate and business

general aviation class much more willing to retrofit

existing aircraft with new avionics syst3ms without a

mandated requirement.

In the Expansive Growth scenario, the cost to air

carriers of retrofitting an aircraft (labor ant. lost

revenues) will probably not increase rapidly e~ough,

given the dramatic decrease in projected system c~sts,

to outweigh the perceived benefits. The personal

class of general aviation will probably resist retro-

fit primarily because of cost. However, the extremely

low cost of avionics together with increased affluence

should result in the rate of retrofit being much higher

than in the Resource Allocation scenario. Corporate !

business class of general aviation should continue to

lead all others in retrofit of new systems.

The Muddling Through scenario will probably see the

opposite of the Expansive Growth scenario-—a slow rate

of system cost reduction coupled with rising labor

costs, and the weak financial status of the airlines,

making retrofit on any large scale impractical. Any

retrofit of major systems would have to be mandated by

the FAA. The rate of retrofit should be lower for the
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personal class of general aviation, although some ret~o-

fitting of systems that help reduce costs, i.e., systems

to reduce fuel consumption, should take place. Only

in the corporate/business class of general aviation

would retrofit be common . While fewer of this class

of aircraft would exist in the Muddling Through

scenario due to the general economic stagnation, those

that are should be more willing to retrofit aircraft

with new avionics than any other class of aircraft

owner. Because of very high operating costs in the

Muddling Through scenario, those companies that can

still afford to operate an aircraft should be able to

afford the retrofit costs.

L. Air Carrier Costs and Employment

The greatest impacts on air carriers resulting from

microcomputer technology, as Figure 19 shows, should

come in the area of fuel, labor, maintenance costs,

and utilization of equipment. In the Resource Alloca-

tion scenario, changes in microcomputer technology

should not result in major changes in the cost of air—

craft. Avionics and other systems that are likely to

be affected by microcomputers make up only a small

portion of the total cost of civil aircraft. Increased

reliability of electronic components and advances in

maintenance techniques and the use of continuous moni-

toring, should result in less equipment downtime due

to failures. Increased utilization of equipment, less

need for back-up equipment and a greater return on the

investment per unit could be obtained . Higher component
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Air Carrier Costs and Employment
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reliability and advanced maintenance techniques should

also lead to reduced spare part inventories and lower

maintenance costs as well as a reduction in the size of

the maintenance work force required for avionics repairs.

While advances in maintenance techniques should result

in dramatic savings in the level and cost of manpower, the

growth of air carrier equipment inventories in the Re-

source Allocation scenario should be moderate. The

net result expected is a gradual reduction in over-

time for the air carrier maintenance work force in-

volved in avionics maintenance. While diagnosis of

mechanical aircraft system failures may be automated,

the actual repair of such systems should still require

traditional benchwork rather than the “throw-away ”

approach used for electronic systems. Thus, the mechan-

ical systems maintenance work force should not be expect-

ed to decrease.

Savings in manpower levels and costs should also occur

in a number of other areas. The increased capabilities

and decreases in the cost and size of microcomputers

should bring about passenger self-processing and auto-

mated baggage and freight handling systems. Such auto-

mation would greatly reduce the number of ground personnel

used. The moderate increase in passenger traffic expected

in the Resource Allocation scenario should not be enough

to offset the dramatic savings in manpower levels and
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costs due to automation. Air carriers should therefore be

able to gradually reduce their ground operating work force.

The quickest advances in automation should occur in the

passenger self-processing area, since much of passenger

processing is already partially automated. This trend

would be accelerated by faster implementation of electron-

ic funds transfer systems (EFTS). Baggage and freight han-

dling automation will probably advance much more slowly.

Sensor technology to allow automated baggage and freight

handling systems is less advanced than microcomputer

technology , and the cost of mechanical systems for baggage

and freight handling should not decrease significantly ,

thereby hindering the utilization of the microcomputer

technology. Airborne flight monitor, control, management

and performance computers could result in a reduction of

crew size, although many other factors would be involved.

Some airlines are already using two-man instead of three—

man crews. Piedmont Airlines, for example , uses a two—

man crew in its 737’s. Besides direct savings in labor

costs due to work force reductions, higher working effi-

ciency should result in lower labor costs. Expanded ATC

capacity due to microcomputer-based ATC automation and

on-board computers should reduce delay and increase work

force efficiency (both airside and landside). The use

of microcomputers by air carriers to better schedule

personnel and equipment should improve work force effi-

ciency.
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Savings in fuel is another area where microcomputer

technology should have an impact on air carrier costs.

Use of on-board computers to monitor and control engine

performance (sometimes known as “performance computers”)

should result in greater fuel efficiency . Advanced main-

tenance techniques and continuous monitoring to keep

engines running at peak performance levels should also

help reduce fuel waste. Expanded ATC capacity due to

microcomputer-based ATC automation and air carrier use of

on-board computers should result in fuel savings by re-

ducing delay and allowing aircraft to fly optimal fuel-

efficient routes, both vertically and horizontally . Use

of on-board computers in active control technology (ACT)

aircraft (see Chapter VII, Volume I) is probable but more

likely in the Expansive Growth scenario. Such aircraft

are inherently more fuel efficient than current aircraft.

Development of cheaper, and more sophisticated simulators

for procedures, part-task and mission training purposes

should result in fewer training flights, thereby saving

fuel and manpower. Savings in fuel should manifest itself

in reduced fuel consumption and lower costs as fuel

prices stabilize.

In the Expansive Growth scenario, savings in maintenance

costs and greater productivity due to reduced equipment

failures should be as great if not greater than in the

Resource Allocation scenario, even with the explosive
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growth in air traffic. The advances in the areas of

maintenance and component/system reliability should be

so great as to totally offset increases in the airline

equipment inventory. Similar savings should be realized

in labor costs to support personnel used in passenger

processing, baggage and freight handling. Even though

the volume of passenger and freight traffic would be

growing explosively in the Expansive Growth scenario,

automation should be able to keep up. Once the software

for automating passenger, baggage and freight processing

has been developed, the decreasing cost of microcomputers

• and their modular design should make it more profitable

for air carriers, as passenger demand increases, to

install more automated systems rather than hire more

people. The good financial conditions expected to

accompany Expansive Growth should allow air carriers

to make the capital outlays required for increased auto-

mation. Only in the area of reducing ATC delay and crew

size should microcomputers not result in lowering total

labor costs. The increase in air traffic should result

in more crews, thereby offsetting any cost savings due

to reductions in crew size. Fuel savings resulting from

microcomputer controlled aircraft systems should not be

great enough to offset the rapid rise in total fuel con-

sumption due to the increased volume of air traffic.

All microcomputer controlled aircraft systems could do

is to slow down the rate of increase of fuel consumption.

- . 
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Falling fuel prices however, may result in some actual

reduction in total fuel costs.

Use of microcomputers in the Muddling Through scenario

should result in a holding action against ever rising

operating and ma~ • ‘~enance costs. The rate of utiliza-

tion of microcom?; -rs by the airlines to control costs,

however, will probably be rather slow. Sluggish advances

in microcomputer technology should also result in little

impact on airline costs and employment. Microcomputers

may be used to increase productivity , but it is extreme-

ly unlikely that any productivity increases would result

in changes in employment levels. Likewise, microcomputers

maybe used to offset reduced fuel consumption. Due

to the air carriers’ inability or unwillingness to retro-

fit with fuel saving technologies and rising fuel prices,

the impact of microcomputers on overall fuel costs should

be slight.

M. Air Carrier Scheduling and Routing

Several uses of microcomputer technology may allow air--

carriers greater freedom in routing and scheduling air-

craft. Achieving optimal allocation and scheduling of

aircraft and personnel with the use of microcomputer

technology depends not only on the availability of the

technology but also on the regulatory and ATC environ-

ment in which the aircraft operates. In the Resource

Allocation scenario, the drive for an optimal resource

~ 
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mix in both the government and the airlines should create

the environment needed for use of the technology. In—

creased ATC capacity resulting from microcomputer-based

ATC automation and on-board computers should facilitate

both reduced aircraft separation standards and less

airside and landside delay. Tighter scheduling of

flights would then be possible . The use of on-board

computers for area navigation (RNAV) and a RNAV compat-

ible automated ATC system would allow the air carriers

to fly direct routes, assuming the RNAV concept is con-

sistent with ATC regulations. Availability of more

computing capacity at a lower cost should result in

greater use of computers for airline allocation problems,

resulting in more flexible scheduling , routing and

allocation of airline resources. Data links between

airline landside computers and aircraft computers would

provide the communications necessary to readjust sche-

dules and routes to deal with such problems as foul

weather, congestions, delays, and other contingencies.

Such a data link has been developed by Aeronautical

Radio, Inc. and should be in use by early 1978. Advances

in maintenance techniques and continuous monitoring of

aircraft systems as mentioned earlier should result in a

reduction in the time required for aircraft maintenance

and inspection. Increased utilization and improved sche-

duling of air carrier fleet resources may result.
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In the Expansive Growth scenario, the desire for less

government regulation and control, coupled with a rapid

rate of technological advance and acceptance of retro-

fit should result in greater usage of microcomputer

technology . The airlines should possess even greater

freedom and technological capability for optimizing

schedules and routes than in the Resource Allocation

scenario. It is unlikely , however, that either the tech-

nology or the operating environment needed to make use of

the technology will exist in the Muddling Through scenario.

The slow growth of microcomputer technology, advancement and

counter—productive government and airline procedures should

result in minimal impacts on scheduling and routing re-

sulting from microcomputer technology.

N. Air Carrier Fleet Size and Age

Airline fleet size and age shou~d not be greatly affected

by microcomputer technology. Fleet size and age is de-

• termined, for the most part, by demand for air travel and

aircraft profitability . While microcomputers may increase

the viability and longevity of older aircraft in the Re-

source Allocation scenario, it is doubtful these enhanced

older planes could compete in resource savings with newer

aircraft. The replacement of aircraft will probably be

determined more by advances in aviation rather than micro-

computer technology. There is a greater possibility that

the use of microcomputers technology will have an impact on

air carrier fleet size and age in the Expansive Growth
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scenario. Development of active control technology

(ACT) aircraft made possible by microcomputers may

result in a high level of investment by the air carriers

in new ACT aircraft, which would alter the fleet size

and average age. Other factors, such as the demand for

air travel, are much more important in the decision to

purchase new aircraft than the development of a new

aircraft type. In the Muddling Through scenario, the

use of microcomputer technology may result in increased

aircraft longevity by increasing functional viability . How-

ever, the determining factor is dependent on many corn-

plex factors, of which the impacts of microcomputers is

minor.

0. General Aviation Costs and Fuel Consumption

The impacts of microcomputer technology on general

aviation - (GA) costs and fuel consumption should be

much the same as the impacts on air carriers onl~i on a

much smaller scale (see Figure 20). The main differ-

ence would be the kind of driving force affecting a

causal chain of events. For air carriers and corporate!

business GA, the changes are likely to be volun-

tary and driven by economic incentives. For pleasure

GA , the changes might have to be imposed by FAA man-

( dates. In the Resource Allocation scenario, most im-

pacts should be identical to those for air carriers.

Lower maintenance costs could result from advances in
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General Aviation Costs
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maintenance techniques. Decreased ATC delay due to ATC

automation and on-board computers should lower fuel con-

sumption. Utilization of on-board computers to control

engine performance especially by corporate/business GA

should also reduce fuel consumption . Because fewer micro-

computer-based systems are expected to be used by GA per

aircraft as compared to the air carriers, fewer impacts

should be expected. The exception to this is the corporate/

business class which should have a much higher rate of

microcomputer utilization. One area of microcomputer usage

that should affect general aviation greater than air carriers

is the development of better, cheaper simulators. The use

of simulators by the public for training could bring the

cost of flying lessons for the general aviation pilot down

somewhat .

The Expansive Growth scenario should see the same basic

types of impacts as in the Resource Allocation scenario.

The impacts should, however , be more dramatic due to the

greater rate of both microcomputer development and uti-

lization. In the Muddling Through scenario, the impacts

should be minimal for just the same reason . Both utili-

zation and development of microcomputer technology should be

rather slow in the Muddling Through scenario. The fewer

microcomputer systems used , the less of an impact micro-

computer technology has.
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P. GA Fleet Size and Age

Similar to the air carrier it is doubtful that the u t i l iz a—

tion of microcomputer technology will have an impact on

GA fleet size and age. An increase in fleet size and

a decrease in fleet age may be expected in the Expansive

Growth scenario, as on-board computers make flying much

less complicated and cheaper.

Q. Airman Certification

Changes in the certification procedures as a result of

microcomputer technology will depend upon how the

technology is used and the rate at which the technology

appears (see Figure 21). Changes in ATC procedures in

the Resource Allocation scenario, discussed earlier in

this chapter, would result in changes in what a pilot

would need to know. The requirements for certification

would require changes to incorporate new procedures.

The availability of more simulators for training

at a lower cost may result in changes in training re-

quirements, i.e., less actual flight time and more simu-

lated flight time. The development of new avionics

systems using microcomputer advances should result in

major changes in pilot certification and re—certifica-

tion requirements. As new avionic systems are developed

and mandated, certification requirements for those flying

aircraft equipped with new equipment would require

changes and periodic updating of re-certification require-

ments. The crucial impact due to increased avionics is
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Airman Certification
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one of timing. Today the time between a new system is

development and its appearance in the cockpit is about

10 years. Due to the increasing rate of technological

change, the time between development and implementation

should be shortened , and should vary for all types of

avionics. As mentioned under section K. Retrofit, those

systems which are clearly involved in resource savings

will probably be retrofitted while others may be placed

in the cockpit of the next generation aircraft. Because

of the retrofit of new equipment, pilot certification re-

quirements may be constantly changing . In order to cope

wi th this rapid change , increased f lexibi l i ty  in the

certification process may be required . Use of simulators

to train and retrain pilots on the uses of the latest

equipment may become common . Additionally, as avionics

are added to a cockpit and changes made to the instru-

ment panel, many human factors problems emerge . Over-

crowding of a cockpit with instrumentation and changing

layouts may result in pilot confusion. The use of

digital readouts and displays, and voice output systems

rather than traditional analog indicators may accel-

erate the need for the use of simulators in the certi-

• f ication process , in addition to providing a tool for

human factors problem evaluation and correction .

In the Expansive Growth scenario , changes in ATC proce-

dures, increased use of simulators and avionics

systems should occur more rapidly than in the Resource
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Allocation scenario. Lead time for some types of avi-

onics will probably be greatly shortened. Because of

this rapid rate of technological change and utilization,

the need for a flexible certification and training pro-

cess should become even more acute. Human factors pro-

blems will probably also become more pronounced due to

the rapid rate of change.

In the Muddling Through scenario, little impact on air-

man certification should be expected. Although some new

• microcomputer-based avionics will probably be developed ,

the slow rate of development and utilization of micro-

computer technology in general should result in no major

frequent changes in the certification procedure.

R. Airport Operations

Advances in microcomputer technology may result in dra-

matic changes in airport operations including such areas

as baggage and freight handling, passenger processing

and boarding , maintenance , and airport access and egress

as shown in Figure 22. In the Resource Allocation sce-

nario, the availability of increased computing capabili-

ties at a relatively low cost should result in increased

automation of many airport functions. Use of “smart”

terminals and decentralized processing to create passenger

self—processing stations either inside or outside the

airport is one such possibility . With such a system,

passengers would simply go to a terminal connected to -
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the system, insert a credit card or Electronic Funds

Transfer (EFT) card, type in their desired departure

and arrival points, what time they wish to leave and/or

arrive and the terminal would issue the ticket. Ameri-

can Airlines has already conducted a joint experiment

with IBM on a passenger self-processing system at

Chicago ’s O’Hare Airport. Such systems should become

widespread . The lack of an Electronic Funds Transfer

(EFT) system may hinder the development of passenger

self-processing, however. Automated baggage and freight

systems should also be widespread . Newer airports would

be designed and built to include such automated systems.

Such a system using electric carts and automated guide-

ways has already been installed at the Dallas/Fort Worth

Airport in Texas. The major constraint to the use of

automated baggage and freight handling currently is the

lack of suitable sensors and the expense of a mechanical

conveyor system, not a lack of computing capability .

With the combination of passenger self--processing and

automated baggage and freight handling, passenger pro-

cessing functions may be shifted to off-airport areas

such as hotel lobbies and downtown airline and travel

agency offices. The Transportation Workshop at MIT ad-

dressed such a possibility in 1967 in their report en-

titled Air Transportation 1975 and Beyond: A Systems

~pproach. Passenger-processing satellites combining
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checks before departure, located within and close to

urban complexes, along with passenger self-processing

using terminals at travel agencies, airline offices or

even at home, would substantially reduce terminal con-

gestion problems, both inside the airport and going to

and from the airport. [5] Automated Personal Rapid

Transit (PRT) systems should also help reduce traffic

access and egress problems. A decrease in airport con-

gestion due to automated PRT may, however, reduce the

need or desire for off-airport passenger and baggage

processing . If off-airport passenger and baggage pro-

cessing becomes widespread , airports would have less

need for classical terminal passenger facilities such as

ticket counters and concessions. New airports may be

designed with fewer of these features, and the financ-

ing of airport operations would have to take into ac-

count the reduced revenue that is normally expected from

concessions. Some passenger services would need to re-

main on-airport to handle passenger on connecting flights.

PRT should result in less parking spaces required for

automobiles. The decrease in airport congestion from

both PRT and off-airport processing should reduce door-

to-door passenger travel time and increase the conve-

nience of air travel. The reduction in door-to-door

travel time should greatly increase competitive standing

of air travel with regards to other modes of transporta-

tion .
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Increased computing capability at a reduced cost should -

also result in greater usage of computers to schedule

both personnel and equipment. As passenger-processing

functions move off-airport , baggage and freight handling 
-

are automated and maintenance manpower requirements for

an ind ividua l aircraf t decrease , greater sharing of both

personnel and equipment between airlines may become

common . Shared boarding gates, main tenance fac i l ities

and the like , using computers to solve complex scheduling

problems would help improve manpower utilization and pro-

mote efficiency . Sharing of facilities , less automobile

parking required and the moving of many functions off-

airport should allow some of the valuable airport space

formerly used for these functions to be used for runways

and taxiways to increase aircraft landing , takeoff and

maneuvering capabilities and capaci ties. Older airports

would, therefore , be able to increase their airside

capacity without adding more land and newer airpor ts

could be desi gned wi th a higher percen tage of land de-

voted to aircraft support.

In the Expansive Growth scenario, passenger self—process-

ing using home or office computers should be common along

with downtown or neighborhood baggage drop-off stations.

Due to the extremely high volume of air travel , these

measures will probably not result in any reduction in

• passenger travel time although automating these functions
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should result in an increase in the convenience of air

travel while increasing the competitive standing of air

travel with regards to other modes of transportation .

Shared use of personnel and equipmen t will probably be

unheard of , although airlines may use components to

help schedule their own personnel and equipment.

The Muddling Through scenario should see little use of

microcomputers to help increase convenience or decrease

travel time. Some passenger self-processing will prob-

ably exist but because of the decreasing volume of air

tr a f f i c  and slow development of sensor and microcomputer

technologies, automated baggage and freight handling

would be nonexistent. For the same reasons , sharing of

equipment and personnel would also not be practical or

feasible.

S. Aircraft Manufacturing Process

Adoption of microcomputer technology within the aircraf t

• itself should not greatly increase the complexi ty of the

aircraf t production process , as Figure 23 shows . The use

of microcomputer technology to automa te the production

process will have a major impact. In the Resource

Allocation scenario, an increase in the amount of avionics

in the aircraf t should result in the addition of a few

intermediate manufac turing steps to facil itate installa-

tion and checkout of the new equipment; basically the

process should remain the same. Some small increase in
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the number of production workers could result. Some

changes in specialization of personnel and testing pro-

cedures should also result due to the introduction of

more avionics. However , these changes should be minor .

The decreasing cost, size and weight and increasing com-

puting capabilities of microcomputers used in the actual -

manufac turing process , however , could result in dramatic

changes. The development of microcomputer-based robots

would allow almost total automation of the aircraf t pro-

duction process. Industrial robots, which combine arti-

fical intelligence , pattern recognition , and automatic

control , will probably replace many of the personnel

now engaged in the actual assembly of aircraft. Greater

productivity and lower manufacturing costs should result.

Whe ther this reduction in costs will lead to a reduction

in the price of aircraf t is unclear because a number of

other very impor tant f actors such as ma terial and engi-

neering costs, which have not been the object of this

study , are involved. The replacement of personnel by

robots should also result in a decrease in the number of

blue-collar workers employed by aircraft manufacturers.

This should have a large impact on personnel and mana ge-

ment procedures which are mostly based on the assumption

of a large number of blue-collar workers. Use of robots

and computers may also allow better scheduling and greater -

flexibility of the assembly line . It may become possible

to use the same assembly line to construct a number of
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di f fe rent aircraf t types through mul tiple programme d

robots and computer scheduling of parts. This may re-

sult in a great diversification of aircraft companies.

The use of microcomputers in simulators for design and

testing may also result in a decrease in the number of

engineering personnel needed. Needless to say , the re-

placement of personnel with robots and simulators will

probably be hotly contested by all parties concerned .

In the Expansive Growth scenario, the impacts due to the

development of robots should be even greater than in the

Resource Allocation scenario . The willingness of air-

craf t manufac turers to invest capital and the availabil-

ity of highly sophisticated robots in this scenario

should result in an extremely high level of automation.

Because of the booming economy and its ability to absorb

displaced workers , union resistance , while sti ll extreme-

ly vocal , should not be as grea t as in the Resource Alloca-

tion scenario. The development of active control aircraf t

due to advances in microcomputer technology may also re--

suit in actual changes in the aircraf t assembly procedure ,

especially in steps concerned with electrical wiring.

In the Muddling Throu gh scenario , little change should be

expected . The slow rate of development and utilization

of microcomputer technology along with decreasing demand

for aircraft should result in only a slight, if any , irn-

pact on the aircraft manufacturing process due to micro-

computers.

-—  
~~~~~~~5



~
__ .

~~~~~~
- ‘ ‘•

~~
“ ‘ ‘  - 

~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~—- L_ ._ . ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ .—.‘ “

~~~~~~~
‘
~~~~~~~~~ 

““

I I I .  Conclusion

As this repor t has pointed out, the impacts of microcomputers

on the WAS are indeed multifaceted and pervasive . In this

chapter an attempt has been made to point out the important

impacts on the WAS resul ting from the utilization of micro-

computers and associated technologies. While an attempt has

been made to be as thorough as possible, time and resource con-

straints were such that an exhaustive study was not possible.

Many important impacts were not explored in great depth ,

others were only touched upon briefly . Therefore , this study

should be regarded as a mini-technology assessment rather than

a full scale technology assessment (see Chapter I of this Vol-

ume).

While this study may not be exhaus tive, it does point out a

number of important potential impacts that- deserve further

exploration. The ef fect of changes in main tenance procedures

due to advan ces in microcomputer technology is one area of

great importance. Automation of ATC and the resulting changes

in ATC procedures is another. The possibilities of greatly

expanded computing capabilities within the cockpit and a great-

er sharing of ATC responsibilities between pilot and controller

should be explored further. Increased system complexity and

wha t tha t means to the FAA procuremen t procedure s also de-

serves further clarification. Automation within all parts of

the WAS and how it relates to work force levels should be of

great concern. Strategies for the use of microcomputers to

enhance the safety , economy, energy and environmental (S3E)

goals of a FAA should be looked into in greater detail.
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Trade—offs between the increasing rate of acquisition of

more computer systems by the FAA and the declining cost and

size of individual computer systems should be addre ssed in

greater detail and where possible quantified (see Appendix

C). The possibilities of advanced industrial robots and the

resulting changes in the aircraft manufacturing industry are

of great impor tance . Changes in airpor t design and opera tion

are also important . The se are but a few of the ma jor impacts

that should result in great changes within the NAS .

One important area of any technology assessment that could

not be addressed within the scope of this mini-technology

assessment is the question of affected parties. Not all of

the impacts described in this report will affect or will be

greeted by all sectors of the NAS alike. While one group of

individuals may welcome increased ATC automation or changes

in maintenance techniques , another group may bitterly oppose

it. Therefore , in order to truly understand the impacts of

microcomputers on the NAS, the many different viewpoints

should be included . While this has not been possible wi thin

the scope of this project, we have tried to clearly outline

how specific areas of NAS woul d be a f f e c ted so that the view-

point of individuals within those areas could be solicited .

The microcomputer has been called the third major cultural

• invention in the American technological society, following

the television and the automobile. [6] As this report has

shown , the impacts of microcomputer technology are indeed
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far  reaching . This repor t, a technology forecast and mini-

technology assessment of microcomputers, was in tended to ex-

plore where microcompu ter technology is heading and what

will be the effects on the Wational Aviation System . Clear-

ly microcomputers will exert significant impacts on the NAS ,

the FAA S3E goals , and the quality of aviation services ,

which includes benefits to the users , producers , and regula-

tors of these servi ces. However , these benefits cannot be

achieved without some transitional social and economic

costs, as have been pointed out in this Chapter. The extent

to which and the speed at which these contributions can be

achieved will depend on various factors within the NAS and

on the broad social context in which the NAS will be embedded.

In this report, both the rapidly changing world of microcom-

puters and the consequent changes within the WAS have been

discussed and analyzed. Many of these changes have profound

policy implications. In order to cope with these changes ,

it is important that the FAA have a clearer picture of

possible future developments in and impacts of microcomputer

technology than what has previously been available. The

study was conducted to provide the FAA with a tool to better

plan for , rather than react to, revolution ary chan ges fore-

cast in microcomputers technology and the resulting effects

on avia tion .
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APPENDIX A*

• SOCIAL IMPACTS OF THE MICROCOMPUTER

(A MICRO-TA)-

As explained in Chapter I, before focusing on the impacts of

microcomputers on the National Avia tion System the broad impacts

of microcomputers on society shoul d f i r st be evaluated as a

micro-TA . A micro-TA is a comprehensive scanning process using

the assessors’ intuitions to identify the major areas of impact .

It is a quick once-through analysis which gives the assessors

- 
. a clearer picture of the assessment as a whole. This holistic

viewpoint is extremely important in the latter stages of an as-

sessment, for without it, consideration of the vast interrela-

tionships that make up the “impact space” becomes difficult

if not impossible. A brief micro-TA allows the team to realis-

tically bound the study and focus on important aspects of the

impact space. Without this , a study may grope blindly, never

being able to get a clear qrasp of the direction the study

should take. It was with the goal of better understanding the

impact space that a micro-TA of the impacts of microcomputers

on society was undertaken.

The effects of microcomputers on society in general , rather

than the National Aviation System i~ specific , was the focus of

this micro—TA , because , as The Fu tur es Group study poin ted ou t ,

the WAS does no t exist in a vacuum .

*References cited in this Appendix may be found on page 130-131.
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The future of the WAS is likely to be influenced by as
many , or more , fac tors than other area s which traditionally
have exploited advanced technology . In the past, growth
in air transportation was largely determined by capabilities
in aviation system technology . But , recent developments
have indicated that fu ture avia tion sys tem developments
will largely be influenced also by concern for environ-
mental e f f e cts , social legislation , and economic develop-
ments , and with changing attitudes about life styles , both

• here and abroad [1].

Descriptions of the NAS derived from possible future states of

society are therefore more val id than pro jections of possible

futures of the WAS done directly. Deriving values for the para-

meters of the NAS from possible future states of society gives

one a much better insight as to the relationship between society

and the NAS and the alternative futures facing the NAS .

Of the five scenarios describing possible future states of society

developed by The Futur es Group , as mentioned in Chapter One ,

three were selected . The data suggest that of the five scenar-

ios, the Muddling Through and the Expansive Growth scenarios have

the lowest and hi ghest respective values for aviat ion activity

wi th the Resource Allocation scenario in the middle. Resource

Allocation was taken , therefore , as the baseline case wi th micro-

computer usage being mor e widesprea d in Expansive Growth and less

so in Muddling Through .

I. A Structured Brainstorming Procedure for Micro-TA

The micro-TA was done in a structured brainGtormirig mode.

The use of brains tormin g was chosen sin ce the un inh i bited flow

of ideas generated in brainstorming lends itself to the needs

of a micro-TA . Being a once-through , top-of-the-head analysis ,
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a micro-TA relies heavily on intuition which brainstorming

is best able to capture . The term “structured” brainstorming

may appear to be self-contradictory , as brainstormin g is

supposed to be uninh ibited and uns truc tured . However , en-

tirely unstructured brainstorming is often unproductive .

Cross fertilization in br ains tormin g seems to work at its

best when some clear objectives and general procedures are

specified [2].

The structure used to aid in brainstorming in this study

was a multiple taxonomy system of impact areas. These

impact areas under 6 taxonomies are listed below :

1. Substantive aspects

Environment and natur al resources (ener gy ,  minerals ,
water , air , etc.)

Economic
Technological
Social & cultural
Political
Psychological

Individual
Social

Legal
Defense/security

Ex ternal/n ational securi ty
Internal/crime control
Espionage/intelligence

International
Political

• Ideological
• Trade & production

2. Life support functions

Food
Clothing
Shelter

• Transportation
Health
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3. Institutions

Marriage & family
Property/ownership
Corpor ations
Public interest groups
Unions
Universi ties
International organizations
Government
Federal
State
Local
Regional

4. Social values

Privacy
Community
Justice (distribution)
Survival
Rationality
Materialistic prosperity
Equity
Freedom

5. Life activities

Work
Home
Factory
Office
Serv ice
Government
Households

Leisure
Individual
Group

Learning

6. Maslovian hierarchy of human needs

Survival
Security
Belongingness
Esteem
Sel f-actualization

The last taxonomy listed come s directly from Maslow ’ s theory

tha t human needs are arr anged in a h ierarchical f ashion ,
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with survival the lowest level need and self-actualization

the hi ghes t . The other needs of securi ty , belongingness

and esteem are arran ged in correct order in the list of tax-

onomies above . Accord ing to Maslow , when an individual

satisfies one level of need , they then begin working to

satisfy the next higher level of needs , i.e., when the need

of security is satisfied a person then becomes concerned

with belongingness [3].

A mul tiple taxonomy system was used in order to capture most

if not all of the major impacts. A multiple taxonomy system ,

unlike a single taxonomy system, can be used to explore many

dimensions of the impact space simultaneously . Such a system

• acts as a series of nets , each one catching what escapes the

others .

In applying the multiple taxonomy system to structured

brainstormin g , each team member was ask ed to describe one

major impact for each impact are a in the taxonornie s for each

scenario . For example , each team member would describe

one impact on pr ivacy for the case of Resourc e Alloca tion ,

one for ~1uddling Through , and one for Expansive Growth.

Thi s process genera ted many possib le impacts in each of the

three scenarios.

To avoid “not seeing the forest for the trees ,” each team

member was asked near the end of the exercise to describe

holistically the impact of microcomputers for each of the
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six different future scenarios. The six scenarios included

the three descriptive ones mentioned before ; Resource

Allocation , Muddling Through , and Expansive Growth , along

with thre e new norma tive one s; “Technetronic Society ” as

described by Zbigniew Brzezinski [4], “Person-Centered

Society ,” as described by Willis Harman [5], and the

“Fourth Kingdom ” as described by William Sauber [6].

In the Technetronic Society , the world has become a global

city--a nervous , agitated , tense and fragmented web of inter-

dependent relations . Society is shaped culturally , psycho-

logically, socially , and economically by the impact of tech-

nology and electronics , particularly in the areas of computers

and communications . New social patterns emerge including

a shift to a more service oriented economy . Increasingly,

man lives in man-made and man-altered environments. Knowledge

rather than wealth becomes power with information overload a

serious problem. Instant participation in events due to

increased communications leads to a greater sense of un-

certainty as the old ways of doing things no longer seem

• to work . The United States is the major force for social

change due to its exportation of the “technetronic society ”

to the res t of the world.  An ticipatory plannin g becomes

a nece ssi ty but in the form of coor d ina tion rather than

centralization , viz : par ticipatory plur al ism. Sc ience

and technology become subord inate to soci al ends as ra tional

humanism , the synthesis of scientific innovation with

137

_  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



humanistic world—view , becomes dominant . Reason , belief and

val ues interac t intensely , pu tting a premium on the ex-

plicit def in ition of social purpose .

The Person-Centered Society is dominated by the view that man

is a part of nature and not master over it and that the proper

end of all individual experience is the further growth

in individual awareness and the evolutionary development

of the human species. Cou pled with this is the concept

of supraconscious choice , one ’s sense of a “higher self”

exerting behind-the-scene guidance . The search for know-

ledge and the application of that knowledge--science and

technology-—become subservient to this world view . The

new science actively assists society in formulating new

dominant goals for the whole culture . The “central project ”

of society--the dominant theme of a society--becomes promoting

individual growth , evolving social institutions to accelerate

such growth , and further the evolution of the hurr~ n species.

This implies a learning and planning society replacing the

work ethic with a work-play-learn ethic. Science , technology

and all institutions reflect and support the goals of in-

dividual growth.

In the Fourth Kingdom Society , the central project is not

human growth but coloniz ation o f space . Technolo gy exis t s

to insure the perpetua tion of l i fe . In order to assure the

perpetua tion of l i fe  mankin d mus t free itself f rom the
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con fines of earth. Mank ind mus t cast its seeds into space to

insure its survival. All of society ’s actions are guided by

the principle of survival and growth and all of society ’s

activities are bent towards the goal of space colonization .

The conquest of space becomes society ’s major concern , its

central project . As a prelude to the external growth into

outer space , mankind will invest heavily (as much as 10%

of their goods and services) in high technologies , includ-

ing fusion power, bionics , cybernation , as well as space

programs . Practically all the techn ologies described in

science fictions will be developed and used at an accelerat-

ing speed.

The procedure for brainstorming in this micro-TA was unlike

that of what is considered ‘normal’ brainstorming. Rather

than meetings and sessions , ideas were exchanged via computer

conferencing . Team members in both Ann Arbor , Michigan and

Washington , D. C. entered their impact ideas into the corn-

puter in the form of items to be read by all other team

F members . An example of an item is as follows :

Itern=55 14:29:54 03—05—77 Lines=4 Prime = Next=
Jarboe , Kenan Patrick
Impact - Social and Cultural

(M) MC used in entertainment (home video) as a major
cultural and social force

(R) MC used to monitor resource depletion , driving
home the dea th of the ‘throw-away ethic ’

CE ) MC used in telecommunications which becomes a i~ajorcultural medium

Ref to items
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Votes/Feelings

MC Continue “Throw-away ” Approach to High Technology

(MC=Microcomputers ; M=Muddling Through ; R Resource
Allocation ; E=Expansive Growth)

The ideas generated by the structured brainstorming were then

pulled together to create complete scenarios for each of the

three major scenarios : Resource Allocation , Muddling Through ,

and Expansive Growth . The remainder of this chapter deals

with the substance of these three scenarios.

II. Impacts of the Microcomputer in a Resource Allocation Society

Resources , particularly energy resources , were in short
supply . Groups of nations , functioning essentially
as cartels , unilaterally established resource prices
and continually threatened to withhold supply unless
consuming nations met requirements established by the
suppliers . Throughout ti-ie world , tension built
and ebbed. The exporting nations remained reluctant
to repatriate capital in ways which were useful and
productive to the importing nations . Once a year ,
one or the other of the cartels would withhold supplies
for a period of several weeks, and the importing
countries coped as best they could. As supply fluc-
tuated , so did prices. Inevitably , the response
was a dynamic move toward self—sufficiency——to reduce
the demand for critical imports. Political and intel-
lectual energy was focused on how to grow given these
resource constraints . The answers were : to develop
indigenous resources , to allocate stringently , to

• recycle , to plan [7].

The use of microcomputers increased significantly as a means

for carrying out society ’s goal of optimal allocation of

resources.* As their cost decreased dramatically, micro-

computer usage became widespread in areas of recycling and

resource management. Microcomputers were used to make better

*The past tense is used throu jhout these impact descriptions ,
to be consistent with The Futures Grou~~’s apprc-ach to the
Construction of societal scenarios ~s “fut-~r~ histories. ”
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use of resources both direct ly and indirect ly.  Spin-off

uses of microcomputers were encouraged but only where they

f i t into the goal of resource allocation.

Telecommunications was one major user of microcomputers .

As its potential grew and costs decreased , telecommunciations

gradually increased its role in every day life . Global .

communication systems were expanded and improved to handle

the increased flow of information. Telecommunications

became a substitute for transportation as strict allocation

of resources, especially energy , cut transportation capa-

bilities and microcomputers increased the capability of two—

way CATV, computer-conferencing and other electronic commun-

icat ion techniques.

Education was greatly affected by microcomputers . Educa-

tional instruction at home via telecommunications networks

increased the popula r ity of the open un ive rsity an d

“class-room without walls ” concepts of education , increasing

the opportunities for education for those previously unable

to complete a formal on-campus program of study . Increased

educational opportunities gave rise to a higher cultural

standard of living. With ~~~‘sical c’rowth restricted by

resource constraints , growth in knowledge became highly

pr i zed .  The ease at which educat ion  became available  lead

to a blurring of work and learning. Education became a

life—long process rather than something confined to a person ’s

youth . Career counseling and on-going job counseling enhanced
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by microcomputers allowed individuals to make better decisions

as to how to best use the educational resources available

to them. Microcomputers also found great use in learning/

teaching machines to augment human teachers .

Medicine was another area a f f e c t e d  by microcomputers .

Telecommunications became a useful tool in diagnosing and

treating patients. Paramedics and others equipped with

microcomputer controlled sensors and telecommunications

network links increased the ability of an individual to

receive medical attention. Bioengineering devices provided

-~~~~ low-cost artificial organs for those who could afford them

or those who could get government subsidies.

The impact cm the legal profession was substantial , as

judge , jury , and opposing lawyers made use of the increased

capability for information processing and analysis brought

about by microcomputers . Telecommunications made it possible

for trials to be separated geographically , with witnesses ,

juries , judges , and lawyers situated in different parts of

the country , tied together by te lecommunica t ion  ne tworks .

Microcomputers were also used in law enforcement areas ,

making it increas ing ly  d i f f i c u l t  fo r  c r im i n a l  a c t i v i t i e s

to ~~

Politic3 and government changed as telecommunications increased

the direct participation of the public in government.

Electronic votin~ becmme widespread with mnjor i3sues being
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decided by the electorate in the form of electronic general

referendums . The use of improved information processing

techniques lead some pol i t ical  candidates to t ry  to opt imize

their  appeal to the voters by t ak i n g  ca lcu lated  stands on
- 

t h e issues , whi le  o ther  candidaz es  used the i nfo rm a t i o n

• processing techniques to strencTther. the i r  personal  stand

on an issue . The increase in the n eed f or in fo rmat ion  gave

those in control of valuable information greater political

clout . Those who controlled lines of comm un icat ions and -

information flow hel&power over those who did not. Control

over information flow was hard to maintain , however , as

microcomputers made equal access to information easier.

Political control , therefore , became a shifting quantity ,

resting temporarily with those who controlled vital information

at a given moment.

The increase in the flow and access of information allowed

for more successful plannin;. Earth resou -ce satellites

and other sensing devices equipped with microcomputers

generated more accurate information in greater volume than

before . Microcomputers in “smart” terminals , word process-

ing uni ts , distributed processing systems and telecommuni-

cation networks increased man ’ s ability to handle the in-

creasing flood of information . Government trek real lender—

shi p in the n at i on , using m icrocompute r s  not onl y f o r in f or-

mat ion process ing,  but in decis ion making as well. Micro-

computers  g r eat l y  increased  the level  off s o p h i s t i c a tio n  of

ana lys i s  done by decision m a k e r s .  L i n e a r  p r o j r i r a m i n c ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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computer s imulat ion modeling, r i sk  analysis , decision analy-

sis and other quantitative analytical techniques became more

and more popular in government. Due to earlier experiences

with such techniques , aualitative descriotive techniques

were merged w i t h  the quantitative analytical techniques.

Microcomputer controlled inrormation processing and tele-

communication units made both qualitati-;e and quantitative

information available to decision makers .

As microcomputers were used to reach optimal policies , both

private and public decisions became i nc r ea s ingly  ra t ional .

The exercise of rat ional t h i n k i n g  in the ent i re  populace

increased , due to the fac t  that  r a t i o n a l i t y  was considered a ¶

requis i te  for  resource a l l o c a t i o n .  Because of the increase

in i n f o r m a t i o n  flow due to microcomputers  in te lecorarnunica-

t ions , r a tiona l i t y  was applied broadly ln terms of social

goals with more input from diverse social groups.  Decision

may ing be came inc reas ing ly  d e c ent r a l iz e d  as all levels of the

decis ion process ari d most  impacted p a r t i e s  used m i c r o c om —

puters  to increase the level of s o p h ist i c at i o n  nf ana l y s i s .

As i n f o rm a t io n  became more valuable , the ri ght of equal

access to information became a major social right. Due to

t he w ides~~reac i  use o f microcomuaters and nation—w i de t-ele—

• comm unications net~-:orks , ~acilitntinc instantaneous in Prr-

mat ion  sh a r inj ,  easy access to i n f f e r m a r i o n  b e came available

to most  a l l  i n d i v i d u a l s .  L eg a l  and  •:~~‘:ecn ::~~nt: 1 l s aL e : T a e r d s

of the ri ght of access to i o r m a t i o n  ~-: r-~ c ct i:~~f u 1  ~y
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up, balancing the right to information against the right

to privacy . In some ca ses , the de f in i t i on  of privacy was

changed as the right of information took precedent. Owner-

ship also changed as in most  cases , in forma t i on becam e

public instead of private property.

Si nce growth in mos t ar eas o f the eco no my was  con s t r a i n e d

due to lack of resources , two m a j or a reas of grow t h emerged .

The f i rst  are-a of growth was in in dustr ies d i r e c t l y  co nn ected

with microcomputer technology . This included new indust r ies

created by the sp in-o f f  uses of microcomputers . Microcom—

I I puters were used increas ingly  in monitor ing many tasks  to

achieve resource savings . M any indus t ri al p rocesses suc h as

assembly l ines became automated with microcomputers  used

to control most t a sks .  Energy controls us ing  microcomputers

became commonplace in many buildings. Consumer hard—goods

such as ovens , refrigerators , washers , dryers , etc., used

microcomputers  in the i r  In s t r u m e n t at i o n .  Misplacement ~n

employment caused cy au tom at ion  was absorbed by ~he growth

in otner  a reas .  Automat ion it se lt  led to an incroa se  ‘~n

p r o d u c t iv i ty  and same growth  in resource con: ;t r a in-r d L n d u ; —

t r ies .

Th e second area o f f  g r ow:h w as in  t he in f o r m at i o n  or kn ow-

ledor i n d u s t r i es .  As knowledge becama pr i z ed  in i t s e lf  an d

i nE or m at ’~on beca me in cr e a s in g ly im p o r t a n t , the a rea of

kn owled ge and i n f o r mat i o n  ge n e r a t i o n  grew dr a ma t i c a l l y .

One outcome of t h i s  q~-o~.-:th ~- .- as the  m~ ; L n o  o f  ~in~ --tanh~ int o
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universities as interdisciplinary teaching and research was

emphasized.

A new type of elite emerged. Those who had t he  know-how to

use microcomouters to increase  t h e i r  store of knowled ge

and in fo rmn an ion  gained in power v i s— a-v i s  those who did not.

The knowledge of the technology of i n f o r m a t i o n  processing and

and generat ion became as impor tan t  as access to the information .

Social in teract ions  were enhanced for  those at ease with

the tech nology wh ile a n ew class of powerless was f or med ,

made up of those lacking skills needed to use the technology .

This group remained relatively small , however , as the n.~c-

essary skills were emphasized in the educational system.

Soc ial in te rac t ions  changed due to the n a tu r e  of tele-

communications and the blurring of work and leisure . Exposure

to a great variety of cultures and interests served to widen

the horizons of most of the society . The sense of community

( i n c l u d i n g  the f e el i n g  of global  communi ty )  increased as

communica t ions  and u n d e r s t a n d i ng  increased and the use of

microcomputer-based a u t o m a t i o n  a l l o wed  i n d i v i d u a l s  m ore .  t ime

fo r social in te rac t ions .

Most people operated on the hi ghe r levels  of ~ aslow ’ s h i e r a r —

chy off human needs .  M i c r o : r m r u ter s  h e l n e d  l i n k  peopie

to gether  with  common i n ter e st s  to J e v e L .p  a sen se  of helca~j —

ing .  Mi c rocompute r s  also h a loed  provide  a d i v e r si t y  of ac-

t i v i t i e s, ideas , and opt ions  to en ind iv ~ d~~il so tha t a lmos t
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all individuals could find some area in which they could

be creative in their own w ay .

The United States , because of ins Self-sufficiency and domes-

tic stability , maintained a coo~ erative posture with the ocher

nations of the world. Military uses of microcomoaters in

in te l l igence  ga ther ing  and ana ly s i s  s y s te m s  and in sochis t i --

ca.ted weapon systems kept the U. S. in a supereow-ar p o s i t ion .

The expor tat ion  of microcomputer  t echnolocy  end the  out~~ut

of our knowl edge in dustr ies became our bi ggest export item ,

creat ing a balance of payments  surplus .

Microcomputers , by the end of the c e n t ur y , had become a major

factor  in the Uni ted  State ’ s economy and w ay  of l i f e .

Because o f the emphas is on r a t i ona l  decis ion  a~ak in g ,  resource

allocation and planning, microcomputers filled an impor tan t

• posi t ion in society , he lp in g i t  to reach it s  goa ls .  Amer ica

looked fo r~-ard to the 21st cen t u r y  w i t h  i nc re - as i r u~ co n f i den c e

in its abi l i ty  to cope wi th  m a j o r  S O C I C I  p roblems .

I I I .  Impacts  of the  Microcomputer  in a ~
- d d l in r  ?hrou ~~- i Socie ty

Things w en t  downhil l  f rom the 1970 ‘ s. The U n i t e d
States never  soerne:1 no be ab le  to “ set all  :c’ge th e r . ”
When it tried to repair inflanion recessions followea;
when recess ion was the t ar c et , i n f l a t i on  ac c e l er at e d .
Muddl ing  t hr ou ch  was the  norr :~. Coh e siv e  uoi tcies
which las ted ba -mend the p r esid en t ia l  t er m  were
u n u s u a l .  The r e su l t , 1nevi t :~n l v , was f r u s t r a ti on .
Who wa s  at  f a u lt ?  I n d u s t ry , sa id  gove rn :m-~n ; g o v e r n —
meri t , said i n d u s t r y ;  the  pub l i c  f a u l t e d  b ot h ;  an d
gove rnmen t .  end in d u s t r y  c laa :reJ  tn -a  p u b la c  d~ c ar t
unders tand . Large corp or at~ ons were  n at i cn a i l z ed .
Re g ional  a u t h o r i t ie s  ‘,ere established . And the
people w er e  m a cs u r e  and  s ea r c h i a s  fo r  a bett-er
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reality . For several reasons , the  las t  qu a r t er c en t u r~was not a repeat of the depress ion  years  of the 1930’ s.
In the la ter  par t  of the century , the  na t ion was mo re
organized , federa l  programs had reduced unamolovmant

• rates , large—scale  quas i -pub l i c  corp ora t ion s  functioned
with adequate but reduced efficiency . But the feeling
of depressions was inescaoable. This was the  mode rn

• depression——and it was l o ng - la s t i n g  [3] .

As the general feeling of frustration grew , society turned

bo th towards technology as a home of so lving  social orob lems

and away from technology as technolog ical fixes to social

problems failed. Society ’s love-hate relationship with

technology in general also characterized society ’s relation-

ship to microcomputers . The g rowth  in the usage of micro-

compu t ers was slow wi th  a l eng thy  gas between c omput er  genera-

t ions .  Changes and uses of microcomouter s  occurred a r e lat i v e ly

long time after the need for such c han g e s  and uses arose.

Microcomputers did spark some develo~ me:-it o: other technolo-

gies , but there was little synerg ism. Advances in one tech-

nology were used in other technolo-ries after a period of

time , bit there was no ant i c io at o r v  - ex p l o r a t i o n  across

t ech nolog ies fo r possible s p i n - o f f  u ses .

One m a jo r use of  :sicroconlpute:s wa s  in au z a m a t i an  and con t ro l

sys tems . M a n u f a c t u r e r s  t u r n ed  i n c rea s i ng l y  towards  micro-

computers  to  a ut c s a n e  far tar i-as in an a t t~~:pt  to ach ic-me

be t t er  economies off scale sal to lance-see or o d c - ct tv i t ’ .

A union b e u u L t s n r sul :: n , as - -c ’ r -z ecs  r e ar e d  rho loss o:

t h e i r  j o b s .  F e a t h er b e d d i a g  a-s ~me comm a as in c lu s tr ;

t r i ed  to ov-ec-r ~m ~e w c r h  , - -; o i a~ o .t g li r . s  ~ ri

productivity due to the us . of v~~c:~ s s :n  -u : : -ere . t ’hc ~-o~~er
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of unions increased -as more and more in div idu a l s  f e l t

th reat ene d  by :aicroc::eput e ra  and au c a c a t  ion i.n gene r a l .

The use of r sicr-oca. emeters  in soya coancr i  (~au au tomat ion

fu n c t i on s  ,-:as accea :ed , h :a-~y er .  Mi. :reccme::e ra were  u sed

in h-roe s  .aad f a : t o rL - e r no :c oy i t u s- a n d  con:rc- l energy -ca-es .

Closed c o nt r a l . sy s t em s  for  r e d i c i n g  n o l l u t f o n  in both

t r a n sp o r c e t i on  end c a n u f a ct u r  ~n J  bec ame c~ ~~~~~ . :-l icr -uce r e—

cat er s  w er e  u sed in iuto :- -rh ~1es in an a t n s m m c  to imor -eve

gas mi leage  an d r educe eeidss i on s .  In some cases , mic ro -

comouters coaole:eiv  controlled aut omobi l es , t a k i ng ove r cli

d r ive r  :u n ct ~ ons .

As cric e cad o t h e r  s r - s lat  a r e a l - e m s  increased , more and more

of the soph L a t l o s t a r i  m L l i s s e . ’ i ’ses of n i c r occ :sast -.er s r e—

sui t-ed in s a i n -o f f s  in the dc-ma s t ic  m a r k e t .  M icrocomnut er s

were u sed , f o r  e::e r - a l a , i n  a l : a n c e d  c ommun icat i on  sys t ems

ror p ol ice-  a osn-e i: s e cu r a t a ’  urice s , an- n an n i  n s i

c at a d  h- - i i l - L ~a-g s e a- u r L a y

:3 b- cue-: incraasiagl ’: air -jular at hone . home

cams w~ -rs  we re rag - rde  a e r : - .a a — e s :  ~-i:c .’ t h i n -f ,  :‘e r f r r : a

s uch e :-:oti c t a s k s  as r-:-’Ln:liag r e ’L a  o f f  ap c - u i a t m - ~nt s  cad

crasads , fLlin-s l-ett o~;, ln ’-a :-- entr , un~ cH~ -s , - omsut in-s

t - ’ :< ’e , - ui~~ 
‘ :-a - - H ;  :h i l : : ’n  ~~-s ;-~H 7 t t h

g u m- ’ -; . ~i s m - ~ a r t - c :  ~ne - at  a - n t - a  as , c a r l a

and hoc- ~-d a ea~i t e l - :-o: -
- i - . . ,  - c a r -  -en a ,  ~s , ices i n et  -

f a s ~~lv i i [ - ~ , r~uch  I L-: ’ n e l e ; L s ~ a-’. a n d  t h e  d za ’ o~ the
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70 ‘s. Al iena t ion  among f am I ly  mer~be rs increased as each

memo e r t ended to soa n d mo r e an d mor e t im e  ‘- ;ith the  e n t e r —

tai :arcent c en t e r s  and less wi th  each o the r .  As society

became mo re addict-e d to t hi s  fo rm of enterseirimens as a

sou r c e  of escape from r e a l i ty , l e is ur e  became :core of a

passive  ac t i v i ty . E l e ct r on t :  -at erta irosant  bec ame a major

social a nd c ult u r a l  force , r e o l a c i n g,  fo r  t h e  raos: o r t ,

fami ly  and schools as the m aj o r  v a l u e — s h a p in g  i n s t i t u t i o n

of the soc ie ty .

Due t o the powe r of e lec troni c en te r t a in m en t  to shape values ,

control  of the e l e c t r o n i c  madiu: .i -an: control of the

soc iety . As socie ty ’ s dep e nde n c e  on she elec t r o n i c  ;a--b i~~m

in creased , so d i d  the sower o ff  t h O~~u in con t rol of t ’ne m e d iu m .

Tn -or e  wno knew how to use an d ,  concr ol  toe t ec n n o lo g r  ga La-e n

in r el a t ive  po .,- e r  v t s — a — v L s  those :-ks did n -a t .  Due to en-

hancement ha’ m .Lcrscomaute :s , the e l e ct r on i c  ic-aca u~ i ’ s po :sn—

t ia l  as a too l for p-rliti:a,l repression increased.

As f rus t r -e ,~ Lori increased , s -co in  ty , us l ag  ch is n’r,;lv :n~. era ’:

tool , turn-~-d more sn-f ares-a to mcli ccl r e a r - a s s  i r e  a:;

solu:~ -o a t a  sc-si Ll p r o b l e m s . M L-:r oc: - :- . eu t - :r s  be-se:  - a La-el

in society ’s ‘holding actien ” to a ia : -~ in t h e  stu t  ;:; -ar e .

Gove rn : at  w a s  I L r a a ’ l v  j ee r :, h a w e v o r .  Mic- :- : -car :eute ;n ;  u - - r e

O sa-~l to g a t h e r  a n d  on -a l re  d a t a , b - s  no me-al m d-m oat ion ,

kncs -;lo -d -g c or ;‘.isdom was dis:Lll-~d :r a r s  t h~ a nt e .  .-\s s c - v e r a —

men :  earl  ot - -i -ar - ; , en a -~s:me:’eta at te: :5 to  f -f so:

t a  so c i a l  Lme - h 1-e::r , c e a f  th e  i.a c c e s : - d  a - - s - -n off r Lcs -~o-e ra—
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pu te r s  to process and,  anai” :e  da t a , in f o r m a t i o n  o v e r l o ad in g

increased.  This  in sum r e s u l t ed  in the  i n c r e a s e  in the

level of f r u s t r a t i o n  rather t h a n  a decrease.

Technolog ical  f i xe s  were  t r i e d  and failed . Cents-al s i e nn a;

was am~ h a s i ze f  bu t  poor ly  don e .  d ic rocos rou:e r s  - e ra  u s-e d

to help coC-e w et h  problems en a cr i s l s — re sp o n d i eg  mode ,

w i t h  l i tn ie  or no positive effects. Solutions to social

problems were generally characterize-f as too little--too

late . The resulting depression lead some in society to

blame microcomputers and over—rationality in general as

the root cause of social problems .

The increased s-c-sam of te lecommunications  sad oior cs-cmr -ar ~t :-rs

in general  had a la:r -;e inra~act  c-n an i n d i vi d u al  sense  o:

communi t” . Sense e f  community was reduced in cart by toe

encouragement of man-macn icac interacteon , tnus reducing

t h e- t ime f-o r  h uman in t e r a c tio n  .~~~~ Yet , the of comrasnit :’

was cacreseed as basic telecararrainicatimo me -st-errs acilitatr-d

i nt er ac t i on among p ersons  net  in tb-a 3:-me looccion  a: t h e

same t i c-c .  Some nc-ep ic  scactad so this tsera :l na-fl to s~~c L a c ’:

in g e n e ra l  w it h  da liber -a :-e  :- f f o r- : s to in t e ra c t  w i t h  •eop l

in the same local c ’ c m o u ni t v , ru th a: wit -~o- -:t the . -aid  of

m~ crc-c-ac-put ar s. hoc-a and a-one r eop ie  L u r e — a a - - f r o m  tech—

n o l a g y  cotsp~ a t -e ly , a-f ’~ :-ccainq a. :ra-: rer:i to “the soc-ri 0:0

days. ” be - n with a high i - a -- el ‘of an:i--ta-:haol: ;:‘ fe e l i ng s

w f t h ir t  t he  soci-atv , mLrrn:crrrrput - :-:r:sag a cen t  d a c e d  so gr-a’.~’

1:1
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as many saw microcomputers as the l a s t  hofle fo r  a tech-

nological  s o l u t i o n .

The level of hostility toward technology continued to i nc r ease

within she societ:’. Pa r a d o x i c a lly ,  microcore outers  wer e  u sed

to presare  the  case a g a i n s t  t e chn o lo gy , r e v e a l i ng  soci e c:  ‘ a

deoendeci-o-’ on t e c h n o l o g y . Idost of soci -at :  coe ra ted  or-. the

s u r v i v a l  and s e c u r i t y  leve l of ~-Iaslow ’ s h ier a r c h y  of b a m a r i

needs . On one hand , r a i c r -oco rmeat er s  nod technoloo-a ’  in sea—

eral we re bla med for  kee p ing  society from progressing coward ,

mee t ing ,  or o b t a i n i n g  h ig her  human n e e d s .  On the  o th e r  heed ,

m icrocomouters became va l u a b l e  tools in h a l o i ng  societ - ;

mee t su rviva l  and secur i ty  reeds .

Wo rld t enst ons  cont inued to m oun t  as tn -a u-ames t i c  depres-

sion of tee Uni ted States was r ec l ec t ed  in its roretzrri

policy . Microcomputar usage in military applications in-

creased as the world’s superpor-:ars continued to c r e a t e

so p hc s t s c at e c~ r. -eepo:a ~y st O :t r r . :-- i cc r -ooamme.t e r  t e c hn o l o g ies

u sed in. military and other espT~ic-a ti-nos :~-ac-1:~atru th e

ex p o r t  sector of the U. S. economy .

F ru s t r a t i o n  and depr-a me~ ba~ w e r e  t ee  damin~int  moods with in

soc ie ty  at the  torn o ff  t h e  -roantury . h i c r aco - -r y c -t e r - ;  sar-aef

as -a ray  of  i -ne , be t  al so  as a sour-c e oz  f n a - t : c a i o n  n - th e

gap b etwe e n  u t i l iz at i o n  of c L a m o r - a .  -;t:-rrs -cad their p-:-~men~ t dL

c o n t L n m e d  I-a w i d e n .  Over— -e :-:uec :at ion s  oi -,-daa i: m L  ::rc - - om ou t e r s

could do dos soc ie ty  l ead  to a f r u s t ra t in g  r’~’Ll is~ sri off

I
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e x p e c t a t i o n  w i t h  r e a l i t y .  The U n i ted .  S tat e s  a t  the end

of th e  t w en s i e th  c an t -cry , fa c e d  a olcosiL’ and u n c e r ta c r i

f u t u r e , r-;i :h l i t t l e  p r o s p e c t  fo r  iooro ’j ement .

IV.  Im o a c ts  of  the_ h i - c rocomsut ar _ m a n  Ex~mensi-;c Gro-.-;th Socierro’

he Un isecl  St a t e s  c on fr - :n : e d  nh- a crob lems  wh i c h  in—
h i b in ed  i t s  f l e v e l o o m en t — — et t a c k e d  the  viso rou s  iv-- —
and solved theci ‘— ~in h  sb- .a old “ A m e r ic an  3cir it .
The n a t i o n  f ou r d  i t  p o s s i b l e  no cr e a t e  images  o:T what
mi ght  be , and then cut into place po l ic ies  to ach ieve
i ts  -end . Tecanology s t i l l  worked , and the means
of ach i e v in the t e c b r Lo i o i r i oa  s o l u t i o n s  were t h r o u g h
f ree e n t e r p r i s e .  As the r:nivete sector grew in
v i t a l i ty , the p u b l i c  sec t or - -g ov - e mn ment - - re c lu c ed
i ts  r e l a t i ve  s i z e  and p rop e n s i t”  to i nt er ven e  and
c o n t r o l .  The emuhas i s  -‘as on in d i v id u a l i sm ;  on
corporate echievament [gi .

As society scar-; at an -an-ar c-c -a- r a te , micro:-s c-s -utor  -cae r e

also cr o w .  Time b e tw e en  r-ri - : ru-c -arrnut -:r sun-ora te-sos  s hor t e ne d ,

d rama t i ca l  I- : an d  s o f tw a r e  me — :am-e obso le te  soon a f t e r  dccc  icc—

meet. Cost f ar  hardware became trivial , as the  001/ b a r r ie r

to a carticul-a r use or a mecc ccr-r:- r- :t-er - -,-as so:m.-;are .

em i ra t e - c r ,  was so c i e ty ’ s g - e s s wc r d , cad r c - e J e r n r a a t i c ) o :rs~~et

a u ta c t at i o n . h ec rr c -a srs- :t ess -ee c- -a -esef i~, a ~t a s r rd r i c : r  - i r ee

:rol ass s-r . rs a a -e ro- -.-;:a -ane ar-f ~ -~- -- - ::eco . ~o-a- - - rcse-~ ac- re

en t e g re c e -id ‘-i: o cher - usc- S; sos -a a.’er - - n - a t .  ‘Li

and s ab er  Lochaclog i as st:a-~hntad. oaf c-ui n L r r l i - - f  cooP ot~ -~ r ’

cro~-;th . Sophisticat ed ~rcLiutie. on:cc st a r .  a , -a n - sr - ag

generation sgsro :rrs , and r-;o : f — d L f :  rd - - e t her  ~ n

se n s e s  s~’stec-s -es.~ ac :-licro-mes -acr,’ee- ’a ia -a l -- .. s-a c ee i cc

come c - e at  soc ia l  ara-bio :-; .
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One m a i n  a rea  of microc c-r rre - .r tar us - a-ac  was in basic c om ou t er s .

Among o teer  thin-g a , none o - o m c u ae c r  -as cog te iaconi r-r - cn :- cec ~~on

n e tw o rk s  he lp ed  consumers  do t he i r  shopp ing at horse , a long

with suggestions as to the  a - l e a n in g  of me a l s  b ased  un : nc ‘ 3

diet , t a s t e , r e c ent  meals, -etc. ?he same h e-r ca co :sss tar

would  al sO c o n t r ol  the k i t r h - e n a n d  ~~~~~~~~~~~ the  meals euso:-retic -aliv .

Other items besides food r-ee:-e also p . r r ch a s e  -s i - L e g  a ’ s boa -a

computer , wh ich  a lso  di sn -~r ased baleful consumer :aici. fa shion

i n f o r m a t i o n,  h ome c-om ocr t -ers  -also- co :at ro ll ed  she :-ao~ .:s--s ’

c l imate  o~zad se c u r ity  cones-a l sys t em s . er t a ir m a r it  sy s t e m s

u s i n g  hone computers  to c o n tr o l  TV game s , :-~ ~c- v Ld~~~ sy st e ms ,

and the l ike  became common .

Medical care  became easi1s; ea rcess ih i a  to as: :  all -‘ia h-:r:a

comput er  a r i d  t el-ecorrc-aun i- :-az ion  I in:- :a.  U s i a  ~ ar e-corp  r,t e r s ,

hi gh r i sk  p at ien t s  could be cont i r i c aPL ly monitored evor a o u t —

side of the h o s pit a l . B i o — a n g ine -e - :ing made g r o an  use of

mi-:roc o:rrp-rctors  in srroh ar e a s  -n a. a:: l u cid l imb s ,

a ids , u : -tra : rosii:osing of -.-;ee~ - z or en s .

Hi gh—speed cersonal ized nc: ::rrcitrf :ranarort -~t ~nan

• 
- r e l i e f  hea ’,’ilv on m icr o c oc - s ut u r s . . :-:al autsrc s al ri of do-:’--

t or es b-sc arce coc--”o’i . A~-rc - erc-a ri s L 0 t 5 0 t 1 0 5  a s  I ‘ r o r- - -r ’ or r ; -  

t ional  p r o c es s i n- a  t e : h m i-~ -: a .~ g r e - .-: -met of a :raasei ‘n - re of

:a:- ::i 1 i a -d - :s : c s . f i :r r-s-:- z~ g - : t - e _ s

‘~-eer -a used to crease :omy i-e:ei- .’ co :asr-eliei. en-fe cm :-rs-in-anaensr ,

an a b l  icar  food -no cc gr-ar- ;n in  -a - .~to rc t -e J c-~-s d e :- :a e i e s  .
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In m a n u f a c t u r in g ,  the u se of m!c:ccomcuters f - ~t c i I i n at a d

inca-cased fler-rihilis’: for wor:-:ass .

Tb-a  g r e a t e s t  impac t , ho aver , car~r’ L a, she usage of m i c r o —

co- cr-eaters  in a r t i f i ci a l  i r n : ai i i ;ence s ys t e ms  a n d  r a b a n s.

2obcss , w i t h  :n i : r oco-r re ’ster b r a in s , so-a k ov er  m a r s  P -er g-a r -ass

ari d b or i s  g j o b s .  ~-iira ira c; of r e sa ur s-a s , ae rc h es d e c o — s h a d :

ca- c l :-.n i o i n g ,  was  dare  SO1CO:  by r o b o ts .  Cons t r e t r r s io a  cork ,

assciialv—iLera-a dabs , en-f o:har  manua l  labor gobs bec’:~:: auco—

r ant ed  t h r ou g h  the use of rob ons . ~obo:s w ar e  ex t r e n c -~ ic-

in the exolora tion  ar i d c ol on i z a t i o n  of tb-s moon ,

the c la n e t s , rod outer space . Other uses  or mecr c-co :ae :t enc r ,

such as in. sceceahi-a c on tr o l  s y s te m s , ca~ so I -cc:: -- i n ce s t  - I

in sauce ereeloratbori .

Microcorapraters also enhanced the capabLlitiec of in f o rm at i e n

process trig and telecoracrunicatiara svsterr’r- . In telligant -cars-

poneni t s  , such as voice—activetef termirasla , hen I p .ra d co ’n -rr-em -n

macny of the man —c - - a-chine in c er f ac o  r: -cch:e ;r. s

The direction off t-ach::c agisa~ ;a r- ;th . w a s  c-,-a : i — o i s e c si u n n ’.,

u:rco:atc: i lu i by social  goa ls  -and g o ::  : - a - - -~ a .  ~:-. :r~~ a d

i-i the  t ac r : coIcc ;eca i  sad :e m t e :- i a li s t i  a are-a s ‘-re as

sa-a’cr-od by r i  coro n a c o m o et i s i  to tb -a  ra : i’ c ne s-act -a:. —

Cn v ’c n m e n t  too:-: e s se r n t l a l  a 1 n t i s s e - r — f a i - : - I- . ’ - L a —

: 1 e c : a c : ,me anc - - r : 3  Crc - i  s e - a s s  eec- a: -  er a se n - sou l , - - - o n C - a n ~ t o

folio-c ; a-’ :sist p r i v at e  ia-i rr s : rv  rather th -s-n Ic-ad . As

~ -~ t o r i i n i - en a lac:- s- -a . - : - ’ d , -r’r- :i-c-a ia-f ::s:r ~~-ss floun:Lsh- - n .  A

155

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— 
- .--

div e r si -cy of new s ea-v ice s  sPr u n g  uc , su c cor t in c  m a n y  n ew ,

srnal 1 cc:ccane-es. Erasr-eorane’srship attracted th-5 brightest

mira -d r; of the s-c-cia Lv ‘.- ;ith m e -n v  a r a t r e c r e ne - e r s  b-sc -rnmitn g

millionaires.

The cse of ra!c:o-corc-.:ters in de - c:s i  ee c-a b l e  rn - n all lev-c l~

iracreas-~r1. This , comb e r~nad ‘aetna in c reased  tel :- co : sm- : - a r i rr t i on

caps.hili:i:: card the dee-cads of s:reric: acmnmet ition , formed

c o rco rat i on a  an-P o ther  p l ar a n i :a g  -co iL : -  to d e cen t r a l i ze  in

an effort to increase innovation . FolIo-clog t:se trend for

decentralization , population oatterns continued to screen .

Dec e n tr r l i z -c t t o n  -also rn~~c - n L  art i ncr e as e  in th e  a b i l i ty  of

indi ’zide~c iLs La inf lu e nce d e c L s ir ~-:a :e e b i r a g . ~TraI -ons and oth er s

scerial interes t .  ar e -a - c who a -near -a able to take a d v an c e -n - a  Off

the d e c Lu c r n t l i z o t i o n  tr eac-: increas-a d in in f lu e nce. Clashes

bet:-;aan croons ba-case less violent , however , as the eccrwrcnv ’ s

ever— en:.:p.rnd irag pie cased ted in ~sn a u g h  for all. Those --nbc

h ad  be -nm - -n ed -ge- or in f i e~n- rmr s~a over mi cr -  non-euLer technology ,

s::ch cis ;aec:r ra -no :-. :.e’ tar fe-P a in Cr’: -era ions Sand Ira deme’ ice c-a--

c s ~~lr a -:r s-r -ec id l ist s , cjneiraed fri relt- :ies c- -s - -s- s - : l s— ~~--v i a

thor - ca a- ho ::l_. n-at. Th i s  i e -~ -~ :alit:-~ fccrca:— ~: see-c- -~f-ra- : as

the use of micr oco :punnrz ;  h - a r e n a  siar rel i  f l e d,

In politic-a, nicr—a-non:re :ta-rc; ann -i L - -~leee card ~t
-
~~:a s :StCc--s

s-ad-a elect ronic -:c--ti:n - : -an-f r-efes:ra-Pcmna:; :--r s:;i b- l er coma-let -:-

;- ;ith e l e ct r o n i c  b - t l l o n  her-: ~t u f d  L e .  lha :r i - s a l  T h i n

‘re~-s w- --r e  u s ed  as a macare; -of - d e t e r m i n i n g  :o l ~.t t h a i
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nositi-o :as . Poiitici-:-ons reer id l : -  c- footed  :n i c r c co cr c ut - s rs  as me

aid in car r eecre n -r at i o n s  ao-f in f f or : :r a c i o r i  analysis. Son-s c c li~

t ied  ca :adiP-eses  erarid m i or -aca n s-c t ar s  to :selo u c c e ni :  ~

t o - a i r  ~ e a e r d s a:: - -- aj o r  iss  es-s .

La-cal  :1-a d i r a i s i e n n a  o f f  r : r i v a av  and or-nna rsbin charm - -a -c as the

va lue  of  in f o :  a t o n e r :  ir -ic r sasa : i  tb - soaPy  in-cases ins -::-:e c-sod

f-ar reeress to info rmation . Dncre -r c :::aii:-e J crials , c-deed

j u d g e , ta r-c , curl o racos  Ira.: l:.w:era in different are-a s of

she coe:ntee: tied Lorrather via teieocma rn -cnic:ation Svate:r.s ,

becra :cea coscaron.  f f li cr -scoar n :n te r s  barons a necessa ry  su p r o r t —

ins  teal for Js. -ri’: vs in the  co-art : s-sri . 3r z e e k— t hr o o  f a a

in la’-.’ en f or -c - s sncn c P a r  cr0 ,si cr c r a- :e e e  cars beige-rd :-:e-~c’ a-cia:-:-

u n d e r  ca r t . eo l.

The er<raansiv .s growth of tab-c- United S t a t e s  had  a s ni l i —o v cr

C — - L. - - - - -- C -- I— -, — - - — ‘ -_ — .— - ‘ - , - -. --‘ 
0: ,  L~~~~C S - - ~

,L C-~~~ ~~~. . ~~~~~~~~ , .  ~~~ - _ L  

e n h a nc ed  t slacorom-a r-ciration c’~ sam-m r gre:-:, tic-- Ira nb.-r:c.s t icon

f l e a - :  he ca-a n natIons ira -: :m’- .em-e :1, r e s ir : -g -acr Id t n - i e n c s  . I::—

ter:a n r L i : s  ci c c -. i-a e-c :ri.dc s -f , : : e m e mt ar:i a tcn : -c

i:a data enal ’sia cn n-P ar -aie-:cr’:n :rrr i - :-uti- .rr: s’s Lame . reoa rr e

o~~n a c r on c c  as r a c -ot e  rum-ring an-P e at -c :a :n tec i  .- . cn~ s car a :53

rasP:- cc s:-- n- ~ Po lk  of t he  r: :~shf ar : c-t i i . t a a r v  : - nann - --: :a: - 

r i se , n r a t  -oral’ : r’::-s r: i :-.l s : Pe , h - - r - r : m -~

asset tc c’-csaess . a -  h e l s : . p em ste~r~~~i:: dce;:-,:ion , :si-em
— 

ccr - n r e e n e r s  f:natr: :- .:i pro-acer on :en:ie:: of t -  h :-r~ -ca l  :-::nc- -.-:l -s . d : r e ,

L b - a r e -- ’ i :rcrc:nsi~r:: tb -a te ’ha-s1oc~t.: nl a c-ear - - m emo -cd in’
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u nev e r se t  a c t i v i t i e s .  In t o -r d i sc ip l in - a r v  ~ ctI’!1te~~S -care

emphas iced , r e v olv i n g  a round  r r i icrocc:n ;puters  an d  u sh er  t e c h-

nologies.

Telecor :ra::nication s bec ame a m aj o r  cu l :-~r a l  a n d  socia l  f o r c e .

Miorocorrrouters arid osieconnaunication systems bathed certain

i n d iv id ea l s  ( t h o s e  f a m i l i a r  w i t h  the  se-cho-o l c- g i-sr:) s-s b u i l d

nea’; ce r sonel  n et w o r k s  w i t h  o thers  a t  carro t s  l o c a t i on s .

-The increase-f social  c o n t a c t  ou t s ide  tee f e m i l e ’  th at  re-

su l ted , i n c l u d i n g  e x t r a m a r i t a l  e x ce r ie nca s , t h r e a t e n e d

the s t a b i l i t y  of  the nu c l e a r  f am i l y . P r i v a c y  could be ob-

ta ined  on ly  occ-a a. Ionall’p by f l i g h t  f r o m  the  “ c iv i l ize d

w o r ld ”  or by pa the t ic  s e l f —im p o s e d  i s o lat i on .  Microcc-: -r ou—

tars  both reduced -L b -a sense of corar sunit- :  Pc encou rag i n g

man-machin e  i n t e r a c t i o n, t b - u s  r e d u c i ng  oimo- f o r  hnr mr a r. i n t e r -

action , and increased  the sense of communit-c 5’: facilisatixac :

i n t e r a c ti on s  among nerso ns riot is. the same loca t ion  at tho

same sine . Tb -a a .b i li :y  so csrnrme ::o:ate c- -c-s r t ia ra  an-r i

sr-n- -ace became i n c r - : n a s mn c g l v  i :- :r -rortant cr3 ::o i:ui::ti-ee: n a c t - -rr . s

b orase  sore ri-scaritralirad.

~ p o s i t ive  a t t i t u d e  L- awaro  technol-org e:-nist-r d r o e  nra t::-a

s o ci ar c y .  As micrc . -n:onput -ess  were  u se - f  nor.c end more  in tb -s

:n g m o c o s a  , anuc icnn:al thin-rio in the

a c r e s- i .  :oatic- ,s . a i i  c- sad co :c’r-et i lI-~::

to h e  vi-:-.- :an d as she b a s i c  vel as r i ems  urn -e:d :a t as i - :o .  ga - ac ed .

Holis tic nhin -n i.r:g also  inc :-c- .r s cn i , as  - .rc -r - : : ’ j n  ant-e r
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i n f o r m a t i o n  p r o c e s s i n g  a l l o w i n g  fo r  a g r e a t e r  : iover s i t’,-

of data  to be col lected and a n a l y z e d .

Concerns about m accity were uncommon since mast of the

seciet ’.’ a-;as b e t t e r  o f f  m - at er i al i s t ic al l - : , in soise of

ti-ac a c t u a l  i n c r e a s e  of i n e - cr : a i . i t v  of inccrse  crc-, .-;ea th

d i s t r ib u t i o n .  The i:aoramcs-eP use of robots  crc- ra ted  mccc

l e i sure , a l l o w i n g  i n d i v idu a l s  to increase  conseesot ia ra .

Leisure  became bas~~ca l l c  a g roup  a c to v ot a . As b rag as

there  exis t ea  some a c t i v i ty  to keep  people occupied  and

h ap p - ,’ , no rraajor  soc ia l  un r e s t  o c c u r r e d .

Mo-sc inclivi±iuals oceros-e ci at the h i g h e r  1... ‘-a l a  c-f Masbo ’c n. a ra

human a-seas. Mocra—ccmo-jter~ wa-re used to link People with

common in t er e s t s  cc develop a se::se of belonqinerness.

Microcomouters also heloed orovide diversity of activities ,

ideas , :irn cl -oot loos , so tb -at alrr-.ost anyone could  r in d  scar e

area ir: w h i c h  to ex ce l  a rc-f be c r e a t i v e , th er c i -y at . t a i n i no

es t e e m .  r his  orocess  t’:na s not , hcc-,’ever , free of . freastra-riora .

Mir rocc . .-o . :t e r s  el i -c - -sa d i n d iv i d u a l s  g r eat e r  c o n t r o l

the i r  ii’ but  also dc-cocci ‘SOcipie cc become mccc  ri -s-a -on - P -ro t

upon COa:  no lop-i for survival.

b-v sac  -en-P oi the taceracia th can t c r v , sh e U n i t e d  S e a  m o s  aces

a n o c - - n o n a r , :nv :ca :n ic  s o r r i e r ’ - . The uroblc-:::.s of t he  c - s a c  b e d

he-c ,: .~ol ’,c- f  -~ ad a: - :c:-ea~th - of rh-c f:t ore Is: ada -, 

c e c - : : -~-i th e f u tu r e , - c cn f i . dcn :: c in its :frili:y to

cog-a -ci t: — any  p r cb i - a m i s  t : - -: t :n n i g h  a : n  c i a - s

I - -
-
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APPENDIX B

IMPACT MATRIX

Chapter III of this report uses a m a t r i x  to show an overv iew of

the a f f e c t s  of p a r t i c u l a r  aP P l I c a t i o n s  of rsicrocon.’auters w i t h i n

the ~ational A v i a t i o n  Sys tem (N AS ) on c e r t a i n  NAS in.aact  a reas .

Thi s ma tr ix , Fi gure  A , can also be used as a cuantitasi-;e

an al y t ica l  tool as we ll as a morphol og ical tool . If percent

changes  in an impact area due to  an a p p l i c a t i o n  cou ld  be f o u n d

for each ind iv idua l  cell of the m a t r i x , r a t he r tha n mere ly

using dots to signife’ intensity ( F i g u r e  10) , th et a  matri :- :  also-

bra techrnioues  could be used to ca lcu la te  the t o t a l  p e r cen t age

changes  in s p e c i f i c  i rr r a ac t  ar e a s  due  to a number  a: :.:cro-: :rrcu:or

aep l icat i on s .

As an examp le of how this matrix approach could be used , take

the two imeact  a r e as  of a i r  c a r r i e r  f u e l  c o n s u mp t i o n ~ m e a sL :r-

c-ri in m i l l i o n s  of barr els of j e t  f u e l ,  and no se a -o t h e t i s: : ,

:neas’ared. ire t h o u s a n d s  of a c r e — m i n u t e s  per a- :oca -Th e ~, t a -c - r -, s i i v .

-: Tb-ego- tc-;o a reas  w e r e  p ick-rd  b - c o ar s e  each  has  hoer: foruc-c a cud , icy

the  F u t u r e s  Can .ouo * fo r  each of the  s can -a c i o s  w i t h o u t t a k  lee in t o

co - r ac i c e r a t oon  scecic cc omp-acts or :nrocroco a t r a t e r s .  The s -mar c i

matri:- : , Fi g-are 10 , shows t h a t  these  two- im sac t  a:’aas race affected

by she eraolica:.i-en areas of UC 3 ID , - a n — b - c a r - f  core ’  t e rs  ama - f s i : rnr : i a ~
t i o n .  A c l e a r e r  e ’c- lc- :rc -a t i -n’s c-aced -s tb-a s of al l .  the  s p e c i f i c

~fl’ . S . L-~- .: - : r r , F .  F e i n , T . 3,  -0-s r d O n -n , ~~‘ . :aron--n , D . T’vr s s r ’ ,
‘- lt _ a~~.e~s :~ - a ~:c~ a’

_ - -‘ — ‘-~.o a ~ — s a :
i’he F t ~ :-c s Pr -u rn , d’i r~al -.ec- - srt , - r - a r u s r c

i ’ll)
-

~~~~~~~~~~ -~~~~~~~~~~~~~~~ - -~~~~-~~~
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microcomputer  appl ica t ions  w i t h i n  UG 3RD , f ive separate areas--

precision landing applications , navigation applications , auto-

mated ATC applications , wake vortex wind shear (WV/c’~’S) detection

aoolications , and a iroor t  s u r f a c e  t r a f f i c  c o n t r o l s  at o li c at i o n s

(A STC ) -—have  an in -n -p a c t  on a i r  carrier fuel co n su m c t i on  an-P

noise p o l l u t i o n .  S i m i l a r l y , she sce c ifi c  uses of m n i c r e c o r r c p u t a r s

in the on—board  corsou ter aecl i ca t ions  of control ci the  a i r c r af t

and m o n i t o r i n g  of a i r c r a f t  sys t ems  are the most irmoortant on—

board applications . The matrix now has eight application areas

and two impact areas.

For the sake of th i s  example , the m a t r i x  is r e c on s t r u c t ed  r i s ing

the e igh t  app l i ca t ion  areas and two impact  a reas .  In each cel l

of the m a t r i x  a h y p o t h e t i c a l  but  r e a l i s t i c  f i g u r e  is cot -aced

for the pe rcen t  change of an impact  area due to the 100 perce:a t

implementation of an application. The matrix with h y p o t h e t i c a l

f i gu res added is labeled [R]  and is shown below .

Impact s

~~~.0l - .04 - .02 - .02 - .08 - .005 - .

a p p l i - cu s i c r a s

[~~
05 0 — .1 .1 — .02 — . 0 2

For examp le , the f i g u r e  in t he  f i r s t  ce l l  of the ’.nn asr i :- : , — . 0 1,

s t a t e s  t h a t  the -ase of m i cr o c or a p u te r s  in p r e c i s i o n  l an d ir a g espr i p-

ment sho-cid , h:’nnrc nrhet icrel ’Le — , h:nl:. n e-duo-c a i r  c a r r i e r  i r r e l  con—

sum osino i-c’ 1 P cccnt .

Since each ccl). of ai,c .s— strima [R~ sd-nn ,-s r ,hat  a::-: i :r:part a - sau l - r i  he

at 100 p-croon a i:rpiemc::eat.ion: , a a-ocr  :si :. n c c l : - :  c e l i a — r n  ~~~- \ J  n - i n s t

b-s crc-a t-a -f to she’-- .’ the per ’c:-nt of 1 ’ a a n r T h - —  ~~t ttLo:: cit e r n : h  

-- —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - — - . — - ------ - ,-~~~~~~ 
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a p p l i c a t i o n  at each year for  each scenar io . Sech cell reoresent s

the levels  of imp ie a r en t a : i -r n -of each a p p l i c a t i o n  at  -e ach  gr v en

year .  The th ree rA] mat r i ces  ra re  shown or. the f o l b o w i n n  p age .

For exearcle , she second l ine  of the f i r s t  aratri :.: shows t h a t  in

the Exc .ansive Growth scenario she implementation level of micro-

computer based navigation ecuis:nae::t a-;as assumed to  be abou t

f i v e  sercent in l 7 5  and c h a t  by 1990 the  i ma s l e men t a t i o n  leve l

a-j ag 100 pe rcen t  ( f o r  t h i s  exac-cle 100 p e r c e n t  i m c l e n n :e n t a z i on

means all air carrier and ex e c u t i v e/b u s i n e s s  and commercia l

genera l  av ia t ion  a i r c r a f t  equipped a-c ith mic rocompute r  based

navi ga t ion  eaui p m e n t ) .  By mu l t ip l i ng  the [R] m a t r i x  by the

[A] m a t r i x  us ing  mac r i : :  -al- .rc- b ra , i t  is p o s s i b l e  to f i n d  the

extent of the composite impac t  c-n t h e  impact areas of all the

app l i c a t i ons  at each a p p l i c a tio n  i m p l e m e n t a t i o n  leve l fo r  t ha t

year .

The m u l t i p l i c a t i o n  crocedure , u s i n g  a 1 x 2 [F] m a t r i x  .nnd a

2 x 2 A]  matri :- :  as an examale , is as f ol l c ’--;s :

~l ~2 ~l ~~ 2 a 2
R2. = i 1~~~ ~~~~ x — i 1 l a c  + eb ad +

~2 L e  iJ
The ce r cen t  chance  of i 1 due to 100 o cr - c e nt  imral- :mentation of

:1 (a) time.; tee r~ v~ l 0: r n - a p l : a -. e nt a cion  ~~ at t 1 C c )  p lus

the :r - :r :c-nt  chs:a-r e o: i
1 

P-ce to 1-5 0 p :roc-st i:sn-le:-- .:otati-r:r: of

(b) times the le’-.’el of imao lemc ntatirrmn of j~ at t. Ce) is she

p e c c a nt  -chance in i
1 clue to bo th  en d j 2 at t. (ic h-a ) . The

sm-a-: anc ccss is -c:ndcrtck --n for

1r 2  

rn_ s — — — - -- --—— — - - - ---— -—---
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[A] MATRICES

Ex~ ansive Grow th
t ime

73 80 85 90 93 00

0 .1 .3  . 7  1.0 l~~~~~ P r e c i s i o n  Landing
. 0 5  . 2  .8  1.0 1 .0  1.0 ~. N av i :-a t i o n

0 .01 .1 . 4  .8  1.0 A ut o c -L a s a c  -- TC
0 0 .05 .5 1.0 1.0 Hcv :-;s

A~ p l i c at i o ns  0 • 1  . 3 3  ~~~~~ 1 .0 1 .0  C en t r a l  C c m n u t e r

0 .1 .3  .7  1.0 1.0 ~
- Yon!t-r-r ir icr  Cooc-uter

.03 .2 .6 1.0 1.0 1.0 Simulation

0 .05 .2 .6 1.0 1.0 ASTC

M u d d l i n g  T h r o u g h

.~~~~~~ :~~~~~~~ 

i5 

~~~~~~~

0 0 .05 .03 .07 .07

0 0 0 .02 .05 .1

0 .03 .1 .1 .1 .1

0 .1 .25 .3 .32 .35

.05 .1 .2 .25 .25 .25

0 .3 .1 .15 .17 .2
L ~~ -

Re:ou::a A lla -cataco

0 .07 .13 .35 .r  .~~~~ 1
.05- .2 .~~~~ 1.0 1.0 d .0

3 ~ J 5 ,2 
~3 .5 -

0 0 0 .05 .2 .5

0 .1 .4 .8 1.0 1.0

0 .25 .3 .8 1.0 1.0

.03 .15 .30 .3 .7 1.0

0 .03 .2 .5 .7 1.0
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For the hypothe t ica l  [R] and [A] matrices described earlier ,

the results of this process are given below .

Expansive Growth

Percen t  Ch ange  in Impac t s  Over Time

1975 1980 1985 1990 1995 2000

—0.00 —0.03 —0.09 —0.19 —0.26 —0.26 AC Fuel

—0.00 —0.01 —0.05 — 0.07 —0.09 —0.11 Noise

Resource A l loca t ion

Percent Change in Impacts Over Time

1975 1980 1985 1990 1993 2000

—0.00 —0.04 — 0 . 1 1  — 0 . 1 8  — 0 . 2 3  — 0 . 2 4  AC Fuel

—0.00 —0.01 —0.04 —0.07 —0.09 —0.10 Noise

Muddl ing Throug h

Percent  Change in Impac ts  Over T ime

1975 1930 1985 1990 1995 2 0 0 0

— 0 . 0 0  — 0 . 0 2  — 0 . 0 5  — 0 . 0 3  — 0 . 0 6  — 0 . 0 6  AC Fuel

—0.00 —0.01 —0.02 — 0.02 —0.03 —0.02 Noise

Each cell of the o u t p u t  m a t r i c e s  r e p r e s e n t  the p e r c e n t  c ha ng e

of the p a r t i c u l a r  impact area at each p a r t i c u l a r  year  due to

the -co rabiesci affects of al l  the app l i ca t i on  areas .  in the

E x p r a n s i a r a G r o w t h  sc e n a r i o ,  i ar  e x amp l e , t her e  is no c h ang e  in

the imoact areas in 373 because t her e  acer h er - d i v  a::-.-

tion of ‘r h ~ app lications. However , by 2000 the tot:-rl c h C f l L ~C in

air carrier foel -consunre tion clue t o  a l l  srh :-lica:i-cnc w~.s a

deco-a r ise  ci 2~ onercant.
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By taking the product matrix [~~~~~~~ ] 
, adding 1 to all the cells

arid multipling times a matrix [~1] which contains the actual

level of the impact area f o r  each year  as fo recas t ed  by The

Fu tu re s  Group ,  new levels f o r  the impact  areas , t a k i n g  the

impact of microcompute rs  i n t o  c o n s i d e r a t i o n, can be a r r ived  a t .

The [2-1] ma t r i ces  f o r  each scenar io , as fo recas t ed  by The Fu tu re s

Group , are g iven  below .

Exp an sive Growth

177.00 242.00 321.00 434.00 584.00 755.00 AC Fuel

7 1 0 0 . 0 0  6 0 3 0 . 0 0  5 4 8 0 . 0 0  5 0 5 0 , 0 0  7150 .00  9 3 9 0 . 0 0  Noise

Muddl ing  Through

1 7 7 . 0 0  1 8 9 . 0 0  1 7 6 . 0 0  1 7 3 . 0 0  1 6 7 . 0 0  16 2 . 0 0  AC Fuel

7 1 0 0 . 0 0  5 5 3 0 . 0 0  3 7 8 0 . 0 0  3 0 8 0 . 0 0  2 6 7 0 . 0 0  2 1 5 0 . 0 0  Noise

Resource Al loca t ion

177.00 218.00 245.00 275.00 289.00 294.00 AC Fuel

7 1 0 0 . 0 0  4 2 4 0 . 0 0  4 3 8 0 . 0 0  3 8 5 0 . 0 0  2 9 9 0 . 0 0  2 3 2 0 . 0 0  N o i s e

The ou t p u t  of the f i n a l  c a l cu l a t i on  [~~~~~~ 
-
~~ i]*[~ :]  , is ~ iven below .

Exparn s ive Grows h

Change in Impacts Over Time

1975 1980 1985 1990 1995 2000

17 6 . 6 - 0  2 3 5 . 5 5  2 9 0 . 5 7  3 5 2 . 6 7  4 3 2 . i ~- 5 5 3 . 6 8  AC Fuel

7 0 9 2 .~~0 3 9 4 5 . 3 3  3 2 3 3 . 4 0  4 5 3 1 . 3 3  3 5 0 6 . 5 0  ~3 5 7 . l 0  1~-r ~~s-s

_ _ _ _ _  -- - -~~~~~~ - - --~~~~-— - -- — - -. —  --—~~~~~~~~ --
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Resource Alloca tion

Change in Impacts Over Time

1975 1980 1985 1990 1995 2000

176.60 209.74 218.10 224.54 223.74 222.85 AC Fuel

70 9 2 . 9 0  4 1 8 2 . 7 6  4 2 2 0 . 1 3  3563 .18  2 7 0 8 . 9 4  2 2 6 8 . 0 0  Noise

Muddling Through

Change in Impacts Over Time

1975 1980 1985 1990 1995 2000

176.60 185.70 167.48 163.57 157.18 151.88 AC Fuel

7092.90 5488.52 3691.17 3004.54 2602.18 2104.85 Noise

While the theory behind us ing  the m a t r i x  as an ana1yt~ ca 1 tool

is ra ther  s t ra ig h t f orwa rd and simple , difficulties in the prac-

tical application of this technique made it impossible to use

during this study. The data required to construct the [R] matrix

was next to impossible to obtain.

The matrix is merely a method of aggregating specific affects

determined earlier. For each possible application and impact area

the fo l lowing  quest ion mus t  be asked:  “ What percen t  change  in

impac t n-area :-: would  coca ’:  -due ira a c e r t a i n -n  ] eve 1 -ci imp l r c a r e r m u a r  is:: ,

defined as 100 percent , of application Y?” In order to answer

that  q u est i o n  a great  deal of p r e l i m i n a r y  ana lys i s  is r e c u ir e d ,

much more than t h i s  s tudy  was able to u n d e r t a k e .

Other ~rob1ems also hinder the use of the m a t r i x  ae pr o a c h .  F i r s t

of al l , it is static. It assumes that the cclv thinq that changes

over t ime  is the amoun t  of i mp l em e n t a t i o n  of a c e r t a i n  ar n - p l i c a t i o n .

166 
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The relationships between the impact and application areas

remain unchanged . A second problem is that not all impact areas

can be meaningfully quantified . For example the changes in ATC

procedures due to on—board microcomputer navigation systems

cannot m e a n i ng f u l ly  be expressed in numbers .  Even w i th  she

problems ou t l i ned  above , the m a t r i x  t e c h n i q u e  describ -eri  in

t h i s  s ec t i on  can be a u s e f u l  tool in .a c rgr eea t i n g  s p e c i f i c

affects. By allowing the intensity of separate im~ acts to va ry

d i f f e r e n t l y  over time , the in f l u ences of sepa r at e par t s can be

st udied.  This tool , however , should not be expected to be u s e f u l

in ana lyz ing  spec i f ic  impacts .  It is mere ly  a way to aggregate  an

impact once the specific impact has been found . Used in this

manner , the  m a t r i x  concept  can be ve ry  he lp f -c l in  the  a n a l y s i s  of

technological  impacts .
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APPENDIX C

QSIM MODEL

One of the key factors that must be taken into consideration

in an analysis of the impacts of microcomputers on the Na tional

Aviation System (NAS) is the dynamic na ture of both the field

of microcomputer technology and the entire NAS . As can be

seen in Volume I of this study , microcomp uter technology is

rapidly changing . The NAS also constitutes a very dynamic

system. Key factors such as the demand for air travel , the

volume of air traffic , the financi al condition of the airline

industry and the demand for general aviation aircraf t are dy-

ndnu.c in na~ure rather than static . Any analysis of the im-

pacts of microcomputers on the NAS must take into account the

changing nature of both the field of microcomputer technology

and the NAS .

One way to undertake an analysis of a dynamic system is through

the use of simulation models. QSI2-I (Quick Interactive Simu-

lation Model) is a simulation modeling program that allows

the relatively easy cons truction of simulation models for

use in the analysis of dynamic systems . For a further descr ip-

tion of QSIM see Wayne Wakeland ’s article , “QSIM II: A Low

Bud get Heuris tic Approach to Modeling an d Fore cas tin g,” Technology

Forecasting and Social Change, ~;ol. 9 , ~1/2. Unfort-snatele- the

time and resource constraints of this study significantl y reduced

substantive use of QSIM . The f o l l o w i n g  is an example of how

168



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

QSIM could be used in some future study to analyze certain

quantifiable areas of the NAS. The example chosen was the anal-

ysis of FAA building space required for computer hardware .

This NAS impact area was used because of the ability of key

factors to be quantified and the availability of data. The

possible future use of QSIM in other areas may be hampered

for both of these reasons .

In order to understand how QSIM was used in this specific

example it is important that the reader be familiar with the

general use of QSIM. Those readers unfamiliar  with QSIM are

urged to first read the Wakeland article.

The following is a list of variables and their syuthoi~~.

B = SPAC - Building space required for computer

hardware (thousands of sq.ft.)

C = COMP - FAA computer hardware (1 unit repre-

sents the 1975 level)

T = TIME (T=0 is 1975)

R = REPL - The percentage rate at which FAA re-

places its existing computers wi th new com-

puters ( .01  = 1% units per year)

E = EXPN - The percentage ra te at which FAA expands

and purchases more computers (uni ts per year )

N = NEWS - The space required for  each uni t of new

computers (thousands of sq.ft.)

X = DBDT - rate of change of B (SPAC) over time
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Y = DCDT - rate of change of C(COMP) over time

The variables B, C, and T are state variables with the follow-

ing characteristics :

B, initial value - 300 ( FAA currently uses about

300 ,000 sq. ft. for computer hardware at ARTCC ’s)

base rate of change - 0

C, initial value - 1

base rate of change - 0

T, initial value - 0

base rate of change - 1

The variables R, E and N are auxiliary variab les with one term,

T. Each of these variables are functions of the time variablc,

T and are entered as table functions of T. The use of the

table function capabilities of QSIM allow the input of prede-

termined curves as a function of a time variable. Therefore

the rates of computer replacement and expansion are allowed to

vary drastically over time as each scenario changes. The rate

of expansion for each scenario was set equal to the rate at

which the number of aircraft operations grows , as forecasted

by The Futures Group*. The replacement rate for each scenario

was based upon what levels of replacement would seem appropriate

for each scenario.

* H. S. Becker , E. Fein , T. J. Gordon , F. Kropp, D. Tagoff ,
Alternative Future Scenarios for the National Aviation Sys-
tern , The Futures Group , Final Report, August 197 5 .
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The rates for both R and E by scenario are given below .

Muddling Through

when T = 0 E = .06 R = .05 (5%)

5 .06 .05

10 0 .02

25 0 .02

Resource Allocation

when T = 0  E =  .06 R =  .05

5 .06 .05

10 .045 .1

:~~~~

25 .035 .1

Expansive Growth

when T = 0  E .15 R = .05

5 .18 .1

10 .3 .1

- 12.5 —— . 2

15 .5 — —

20 .15 .2

25 .1 .2

In the case of N , space required for new computers , this curve

was a modification of the forecas t for sys tem volume in Chap-

ter II. The microcomputer-based system used in Chapter II

occupies approximately 16 ft3. A comparable mainframe compu-

ter system takes up approximately 6500 ft3. Assuming that the
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reduction in floor space is directly proportional to the re-

duction in volume, the mainframe systems that today need

300,000 sq. ft. would only use about 735 sq. ft. if they were

microcomputer based. The amount of reduction between 300,000

sq. ft and 735 sq. ft. is directly proportional to the reduction

from 6500 ft3 to 16 ft3. Further reductions in floor space

were calculated in a like manner using the forecas ted data

for volume reductions given in Chapter II and are given below .

Muddling Through

when T = 0 N = .735 (thousands sq. ft)

5 .18

15 .04

25 .02

Resource Allocation

when T = 0 N = .735

5 .18

10 .04

15 .02

25 .01

Expansive Growth

when T 0  N =  .735

5 .18

7.5 .04

10 .02

15 .01

JI i
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The variables X (db/dt) and Y (dc/dt) are also auxiliary variables

which express the following equations :

(1) X = ECN + RCN - RB

(2) Y E C

Equation (2) indicates that the rate of change of C over time

or the number of computer units added is equal to the rate

of expansion , E times the current number of computer units , C.

For example if in 1980 (T = 5) FAA had 2 units of computer

equipment, C = 2 (twice as much as in 1975 ) and was adding

at a rate of 10% per year , E = .1 then the number of units to

be added would be 2 x .1 or .2 units . By using the interac-

tion matrix to set the rate of change of C equal to X , equation

(2) become s the growth equation for the amount of computer

hardware using the 1975 level as a base .

Equation (1) gives the actual growth in building space

required. The first term , ECN , tells us how much additional

space is required for new computer systems bought to expand

FAA ’ s computer capability . For example if in 1980 FAA had

2 units of computer systems , C = 2, was expanding at 10% per

year , E = .1 and each unit took up 180 sq. ft., N = .18 , then

the amount of floor space needed for the computer expansion

would be 2 x .1 x .18 or 36 sq. ft. The second term , RCN ,

tells us how much space would be needed for the computers used

to replace older computers . The logic behind it is the same

as for the first term . The third term , - RB , tells us how
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much floor space is being vacated by replacing of older compu-

ters. For example, if the floor space used for FAA ’s computer

hardware in 1980 is 100 ,000 sq. ft., B = 100 , and FAA is replac-

ing older equipment at a rate of 5% per year , R = .05, then the

amount of space formerly used by that 5% but that will be empty

is .05 x 300 or 15 thousand sq. ft.

Combining all three terms tells us that the rate of change of

B or the amount of building space needed to be added for corn-

puter hardware is the amount of space needed for new systems

purchased for expansion plus .the amount of space need for new

systems purchased to replace older systems minus the space

vacated by getting rid of the older equipment . Using the figures

in the examples above db/dt = x = 2 x .1 x .18 + 2 x .05  x .18

- .05 x 100 or -14.946. This shows that even though FAA is

adding 10% to its computer capabilities , because it is replac-

ing 5% of its current computer capabili ty with newer , smaller

systems ~h2re is a net gain of 14,946 sq. ft. Again the inter-

action matrix is used to se t the actual rate of change of B

equal to the value of X , the calculated rate of change of B.

Equation (1) there fore become s the equation of the growth of

building space needed for computer hardware.

In order to set C (dc/dt) equal to Y and B (db/dt) equal to X ,

these rela tionsh ip s should describe strai gh t line s throu gh the

origin (0,3) s-~-tth a slope of 1. The ac tua l  tables used are as

follows :
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when X = -100, B = —100

0, . 0

100, 100

when Y = -10, C = -10

0 0

10 10

Using the QSIM Model desc ribed above , three compu ter runs were

made , one for each scenario wi th the appropri ate values for  E,

R and N used . The output for each of the runs , in both table

and graph form is given below.

Muddling Through

TIME - spac ~comp time repi expn news dbdt dcdt
0.0 300.0 1.0 0.0 0.1 0.1 0.7 — 14.9 0.1

1.0 285.1 1.1 1.0 0.1 0.1 0.6 —14.2 0.1
2.0 270.9 1.1 2.0 0.1 0~ 1 0.5 —13.5 0.1
3.0 257.4 1.2 3.0 0.1 0.1 0.4 —12.8 0.1
4.0 244.6 1.3 4.0 0.1 0.1 0.3 —12.2 0.1
5.0 232.4 1.3 5.0 0.1 0.1 0.2 —11.6 0.1
6.0 220.8 1.4 6.0 0.0 0.0 0.2 — 9 . 7  0.1

7.0 211.1 1.5 7.0 0.0 0.0 0.2 — 8.0 0.1

8.0 203.1 1.5 8.0 0.0 0.0 0.1 — 6.5  0.0

9.0 196.6 1.6 9.0 0.0 0.0 0.1 —5.1 0.0
10.0 191.5 1.6 10.0 0.0 0.0 0.1 —3.8 0.0
11.0 187.7 1.6 11.0 0.0 0.0 0.1 —3.8 0.0
12.0 183.9 1.6 12.0 0.0 0.0 0.1 —3.7 0.0
13.0 180.3 1.6 13.0 0.0 0.0 0.1 —3.6 0.0
14.0 176.7 1.6 14.0 0.0 0.0 0.1 —3.5 0.0
15.0 173.1 1.6 15.0 0.0 0.0 0.0 —3.5 0.0
16.0 169.7 1.6 16.0 0.0 0.0 0.0 —3.4 0.0
17.0 166.3 1.6 17.0 0.0 0.0 0.0 —3.3 0.0
18.0 163.0 1.6 18.0 0.0 0.0 0.0 — 3 . 3  0.0

19.0 159.7 1.6 19.0 0.0 0.0 0.0 —3.2 0.0
20.0 156.5 1.6 20.0 0.0 0.0 0.0 —3.1 0.0
21.0 153.4 1.6 21.0 0.0 0.0 0.0 —3.1 0.0
22.0 150.3 1.6 22.0 0.0 0.0 0.0 —3.0 0.0
23.0 147.3 1.6 23.0 0.0 0.0 0.0 —2.9 0.0
24.0 144.4 1.6 24.0 0.0 0.0 0.0 —2.9 0.0
25.0 141.5 1.6 25.0 0.0 0.0 0:0 —2.8 0.0
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MUDDLIN G THROUGH

spac=b, comp=c , time=t , repl=r , expn=e , news=n , dbdt=x , dcdt=y,
(b ) .0 60.00 120.00 180.00 240.00 300 .00
Cc ).0 0.40 0.80 1.20 1.60 2.00
(er ).0 0.02 0.04 0.06 0.08 0.10
TIME 
0.0 . . . rc e. . b
1.0 . . . r c  e. . b
2.0 . . - . r ce. . b
3.0 . . 

-
- . r e. . b

4.0 . . . r e.c b
5.0 . . . r e. c b .
6.0 . . . r e  . c b  .
7.0 . . e r .  . b c  .
8.0 . .e. r . . b c .
9.0 . e • r . b c.
10.0 e r . .b c.
11.0 e r. . .b c.
12.0 e . r, . b c.
13.0 e r. . b c.
14.0 e r. . b. c.
15.0 e r. . b .  c.

16.0 e r. . b . c.
17.0 e r. . b . c.
18.0 e r. . 

- 
b . c.

19.0 e r. . b . c.
20.0 e r. . b . c.
21.0 e r. . b . c.
22.0 e r. . b • c.
2 3 . 0  e r. . b . c.
24.0 e r. . b . c.
25.0 e r. . b . 

- 

- c.
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Resource Allocation

TIME SPAC COMP TIME REPL EXPN NEWS DBDT DCDT
0.0 300.0 1.0 0.0 0.1 0.1 0.7 —14.9 0.1
1.0 285.1 1.1 1.0 0.1 0.1 0.6 —14.2 0.1

2.0 270.9 1.1 2.0 0.1 0.1 0.5 —13.5 0.1
3.0 257.4 1.2 3.0 0.1 0.1 0.4 —12.8 0.1
4.0 244.6 1.3 4.0 0.1 0.1 0.3 —12.2 0.1
5.0 232.4 

~~~~~~~~ 
5.0 0.1 0.1 0.2 —11.6 0.1

6.0 220.8 1.4 6.0~ 0.1 0.1 0.2 —13.2 0.1
7.0 207.6 1.5 7.0 0.1 0.1 0.1 -14.5 0.1
8.0 193.1 1.6 8.0 0.1 0.1 0.1 —15.4 0.1

9.0 177.7 , 1.7 9.0 0.1 0.0 0.1 — 16.0 0.1

10.0 161.7
w 

1.7 10.0 0.1 0.0 0.0 —16.2 0.1
11.0 145.5 1.8 11.0 0.1 0.0 0.0 —14.5 0.1
12.0 131.0 1.9 12.0 0.1 0.0 0.0 —13.1 0.1
13.0 117.9 2.0 13.0 0.1 0.0 0.0 —11.8 0.1
14.0 106.1 2.1 14.0 0.1 0.0 0.0 —10.6 0.1
15.0 95.5 2.1 15.0 0.1 0.0 0.0 —9.5 0.1
16.0 86.0 2.2 16.0 0.1 0.0 0.0 —8.6 0.1
17.0 77.4 2.3 17.0 0.1 0.0 0.0 —7.7 0.1
18.0 69.6 2.4 18.0 0.1 0.0 0.0 —7.0 0.1
19.0 62.7 2.5 19.0 0.1 0.0 0.0 —6.3 0.1
20.0 56.4 2.6 20.0 0.1 0.0 0.0 —5.6 0.1
21.0 50.8 2.7 21.0 0.1 0.0 0.0 —5.1 0.1
22.0 45.7 2.8 22.0 0.1 0.0 0.0 —4.6 0.1
23.0 41.1 2.9 23.0 0.1 0.0 0.0 —4.1 0.1
24.0 37.0 3.0 24.0 0.1 0.0 0.0 —3.7 0.1
25.0 33.3 3.1 25.0 0.1 0.0 0.0 —3.3 0.1

Ii
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Resource Allocation

SPAC=B , COMP= C , TIME=T , REPL=R , EXPN =E , NEWS =N , DBDT=X , DCDT=Y ,(B ) . 0  6 0 .0 0  120.00 180.00 2 4 0 . 0 0  300 .00(C ).0 0.80 1.60 2.40 3.20 4.00(RE ).0 0.02 0.04 0.06 0.08 0.10TIME
0.0 . • C - . R E. • B1.0 . . C R E. • B .2.0 . . C . R E. . B3.0 . . C . R E. . B4.0 • . C . R E. B5.0 . . - C  . R E. B .6.0 . . C ’ . - ER. B -7.0 . . C .  E . R

8.0 . 
~~
. C. E • B R.9.0 . . C E B. . R10.0 . . . C E  B . . R.11.0 . . . ECB . . R.12.0 • . .EB C . . R.13.0 . • B.E C . . R.14.0 • . B E  C . . R.15.0 . . B E. C . . R.16.0 . . B E. C .  . R.17.0 . . B E. C .  . R.18.0 . .B E. C . R.19.0 . B E. .C . R.20.0 . B. E. . C . R.21.0 . B .  B. . C . R.22.0 . B .  E .  . C . R.23 . 0 . B • E .  . C . R.2 4 . 0  . B . B .  . C .  R.2 5 . 0  . B . E . . C. R.
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Expansive Growth

TIME SPAC COMP TIME REPL EXPN NEWS DBDT DCDT
0.0 300.0 1.0 0.0 0.1 0.1 0.7 —14.9 0.2

1.0 285.1 1.1 1.0 0.1 0.2 0.6 —17.0 0.2
2.0 268.2 1.3 2.0 0.1 0.2 0.5 —18.6 0.2
3.0 249.6 1.5 3.0 0.1 0.2 0.4 — 19.8 0.3

4.0 229.8 1.8 4.0 0.1 0.2 0.3 —20.5 0.3
5.0 209.2 2.1 5.0 0.1 0.2 0.2 —20.8 0.4
6.0 188.4 2.5 6.0 0.1 0.2 0.1 —18.7 0.5
7.0 169.7 3.0 7.0 0.1 0.2 0.1 —16.9 0.7
8.0 152.8 3.7 8.0 0.1 0.3 0.0 —15.2 fl .9
9.0 137.5 4.6 9.0 0.1 0.3 0.0 —13.7 1.3
10.0 123.8 5.9 10.0 0.1 0.3 0.0 —12.3 1.8
11.0 111.5 , 7 . 7  11.0 0.1 0 . 3  0 .0  —15.5  2 . 6
12:0 96.0 ~10.3 12.0 0.2 0.4 0.0 —17.2 3.9
13.0 78.8 14.2 13.0 0.2 0.4 0.0 —15.6 6.0
14.0 63.1 20.2 14.0 0.2 0.5 0.0 —12.5 9.3
15.0 50.7 29.4 15.0 0.2 0.5 0.0 —9.9 14.7
16.0 40.7 44.1 16.0 0.2 0.4 0.0 —7.9 19.0
17.0 32.8 63.1 17.0 0.2 0.4 0.0 —6.4 22.7
18.0 2 6 .5  85.8 18.0 0 . 2  0 . 3  0 . 0  — 5 . 1  2 4 . 9
19.0 21.3 110.7 19.0 0.2 0.2 0.0 —4.2 24.4
20.0 17.2 135.1 20.0 0.2 0.2 0.0 —3.4 20.3
21.0 13.7 155.4 21.0 0.2 0.1 —0.0 —2.9 21.7
2 2 . 0  10 .9  177 .1 2 2 . 0  0 . 2  0 . 1  — 0 . 0  — 2 . 4  2 3 . 0
23.0 8.5 200.1 23.0 0.2 0.1 — 0 . 0  — 2 . 1  2 4 . 0
24.0 6.4 224.1 24.0 0.2 0.1 —0.0 —1.8 24.7
25.0 4.6 248.8 25.0 0.2 0.1 —0.0 —1.7 24.9
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Expansive Growth

SPAC=B, COMP C, TIME T, REPL=R , EXPN=E , NEWS=N , DBDT X, DCDT Y,
(B ).0 60.00 120.00 180.00 240.00 300.00
(C ) .0 50.00 100.00 150.00 200.00 250.00
(ER ).0 0.20 0.40 0.60 0.80 1.00

TIME 
0.0 C R  E . . .  . B
1.0 C R  E . . . . B .
2.0 C R E . . .  B -

3.0 C R E .  . . .B
4.0 C R E .  . . B .
5.0 C R E .  . . B .
6.0 C R E . .B .
7.0 C R .E . B . .
8.0 C R . E . B . .
9.0 .C R . E . . B .

10.0 .C R . E 
- 

B .

11.0 .C R . E B .  .
12.0 .C R .  B E .  .

13.0 . C R. B .E .
14 . 0 . C RB - . E .
15.0 . C BR . , - . E .
16.0 . B CR. ~~~ .

17.0 . B R. C E . .
18.0 . B R. E C . .
19.0 . B, R E  .C .

20.0 . B ER. . C .
21.0 . B B R. . .C
22 .0  . B  E R . . . C
2 3 . 0  .B E R. . . C
24 .0 .B E R. . . . C
2 5 . 0  B E R . 

- 
. . . C.

The results of the three runs show the value of QSIM as an

analytical tool. An analysis of the runs confirm what was

said about FAA building space for computer hardware in Chapter IV.

The amount of building space needed for computer hardware de-

creases rapidly in all three scenarios. Even the explosive

increase in the amount of computer hardware in the Expansive

Growth scenario (C = 248 by the year 2000) is not enough to

offset the decrease in computer system size.
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The model also raises new questions. For example, is the

decrease in building space more the result of replacement of old

mainframe computers with today ’s state-of-the-art microcomputer

system or the result of the decrease in the size of future

microcomputer systems? Further analysis using these and other

models would prove to be useful.

I
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APPENDIX t’

INTERVIEWS

The following is a lis t of individuals interviewed by the
assessment team during the technology assessment portion of
the study .

Bailey , David , Air Transport System Division , MITRE

Carson, C. Wesley , Chief , Policy Development Division , Of f i ce of
Aviation Policy , Federal Aviation Administration

Etgen , James R., Assistant Division Chief , ~4ain tenance Pro-
gram Division , Airway Facilities Service , Federal Avia-
tion Administration

Evans, Ted, Data Systems Specialist , Detroit i-4etropolitan
Airport

Fisher , Charles , Passenger Services, Air T r a f f i c  Conf erence
of America

Flavin, John W., Chief , Avionics Staff , Air Carrier Division ,
Flight Standards Service , Federal Aviation Administration

Flax, Bennett, Enroute Automation Branch , Automation Branch ,
Airway Flacilities Service , Federal Aviation Administra-
tion

Gray , Kenneth , Technical Advisor , Systems Research and Develop-
ment Branch , Federal Aviation Administration

Gumina , Leo , Windshear/WVA S , Airpor t  Division , Systems Research
and Development Service, Federal Aviation Administration

Harris , Ken , Senior Policy Analyst, System Concepts Branch ,
Policy Development Division , Off i ce of Avia tion Policy ,
Federal Aviation Administration

Harris , R. Mike , Air Transport System Division , £-1ITRE

Hodgkins , Phi].lip 0., Chief (Acting), DABS-IPC Branch , Systems
Research and Development Service , Federal Aviation Admini-
stration

Holl i day , Gerald , Chief , Avionics Staff , General Aviation
Division, Flight Standards Service , Federal Aviation
Adminis tration

Israel , David , Assis tant Adminis tra tor , Field Operations ,
Energy Research and Development Administration
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Jackson, Lynn , Chief , System Concepts Branch , Policy Develop-
ment Division , Office of Aviation Policy , Federal Aviation
Adminis tration

Kye , Mi tchell , Data Systems Officer , Detroit Metropolitan Air-
port

Mclntire , Owen E., Chief , CAS/PWI Section , Systems Research
and Development Service , Federal Aviation Administration

Meer , Ahmed , Applications System Analysis Office , Goddard
Space Administration

Pierson , Harold , Air Transport System Division , MITRE

Roche , Robert J., Chief , Flight Service Station Branch , Systems
Research and Development Service , Federal Aviation Admini-
stra tion

Rucker , Richard , Air Transport System Division , MITRE

Russell , Wi l l iam , Air Transport Association of America

Seirig , George, Assistant Chief , Air Traffic Controller Crew ,
Detroit Metropolitan Airport

Simolunas , Arthur , Chief , Enrou te Navi gation Branch , Systems
Research and Development Service , Federal Aviation Admini-
stration

Sinha , Agam , Air Transport System Division , MITRE

Sutton , S. Scott, Director (Acting), Office of Aviat ion Policy ,
Federal Aviation Administration

Tracy , James , Coordination Staff , Microwave Landing System
Division , Systems Research and Development Service ,
Federal Aviation Administration

Ward , Jerry D., Director , Office of Research and Development
Policy, Department of Transportation

Zeliweger , Andres G ., Advanced Concepts Staff , Of f i c e  of
Systems Engineering Management, Federal Aviation Administra-
tion
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1. “A Need for Timely Decisions ,” FAA World. May 1975.

2. AATMS Program Office . Advanced Air Traffic Management System
Study Overview. U. S. Department of Transportation , Office
of the Secretary , Transportation Systems Center , June 1975.

3. Alsberg, Peter A.; Brown , Deborah S.; Bai ley ,  James F . ;
and Mullen , John R. “In telligent Terminals as User Agents. ”
Paper presented at the symposium on Trends and Applications ,
Micro and Mini Systems , National Bureau of Standards ,
Gaithersburg, Mayrland , May , 1976.
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Volume 1975 , No. 4283. March 18, 1977.

5. Apple , Joseph H. and Harris , James E . “Applications of
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a Modern Subway System. ” Paper presented at the symposium
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Bureau of Standards , Gaithersburg , Maryland , May , 1976.
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the Department of Transportation , Federal Aviation Admin-
istration , Washington , D. C., December , 1976.
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