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This Plamning Note provides a foundation for the planning effart
needed to furnish ASD vith a management system which takes fullest ad-
vantage of the best tools available. The paper idemtifies thirteen
categaries of concepts partaining to the ASD decision system in the
1965-75 time period. Each category is deseribed and the ASD comoept
stated in terms which are broad emough to retain validity for an ex-
tended period of time, yet in sufficient detail te provide a prelimimary
basis for desoribisg or measwring progress toward the attaimment of an
adequate information/decision system.
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Although publicetion 5f this Bote doss not constitute approval by
the Air Force of the finl:l;»nga or conclusions contained herein, there is
mounting evidence that el}h‘ctrom informtion processing is going to be-
come a8 major factor :I.n/fﬁu operation of the Aeromsutical Systems Division.
This document, therot&o,iapubliahodtostimhtetﬂmthou—
change of ideas,

Chief, Plans Division
Flans and Operations Office
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Plaming Concepts for ASD Information/Decision Systems

Foreword

Technological advance has provided the modern acientiét, engineer, and
manager with the electronic computer, a highly significant and sophisti-
cated tool. Vast improvements have been made in this equipment since the
first operational one was constructed. Today's computer has capacity,
speed, and versatility which could hardly be visualized twenty years ago
and advances during the next ten to fifteen years will be even more pro-
found. Effective uss of thils tool, whiech is both complex and costly,
requires an understanding of its potentlal and careful planning for its

application.

Optimum use of computers is difficult to achieve. The man-machine re-
lationship presents major problems for which there is no historical paral-
lel. As a result, it requires major adjustments in the attitude of managers
as well as demanding a completely new set of rules for design of manage-
ment systems. These changes can only come gradually and as a result of

a lot of effort and, probably, many mistakes. In the meantime, the mana-

gerial techmnology inevitably lags behind the equipment technology.

On the other hand, and despite rapid advances in computer techmology, it
is important to recognize that information processing equipment possesses
significant limitations and is not a panacea for all the ills of manage-
ment. It is expensive; it is difficult to commnicate with; it tends to



be sersitive to 1lts emvironment; it can retain and work with only limited
amounts of data; it is not readily adaptable; and much preliminary effort
is usually required before it is ready to work on a problem. Better
understanding of these limitations will clarify appropriate applications
and contribute to an increasingly significant role for automated informa-

tion processing in ASD operations.

At this time, it is not possible tc predict the details of the long term
future use of computers by ASD, but it is imperative that a framework be
established so that ASD can assure itself that its increased use of com-

puters is coherent and consistent.



Planning Concepts for ASD Information/Decision Systems

INTRODUCTION

* *

For various reasons a discussion of computers, computational devices,
and decision systems presents mimerous semantic difficulties. First, of
course, 1s the problem created by the use of the word "computer" or any of
its derivatives, In this paper, reference to "computers" will adhere to
the distinction made by Haley and Scott, ™. . . modern usage has tended
to draw a distinction between 'calculating machines! and 'computers,' the
former requiring mamal control for each arithmetic step and the latter
having the power to solve a complete problem automatically." 1/ Refer-
ences which are interded to include punched card equipment, desk calcu-
lators, adding mechines, etc., will be under the generic phrase of

"data processing equipment."

Another word which creates some obstacles to understanding is *sys-
tems" since the term is of‘ten interpreted as an abbreviation of the
phrases, "weapon system" or “comuand and control system.® In order to
alleviate the effects of this possible mental "set" on the part of the
reader, the troublesome word "system" is preceded by a modifier (normally

"menagement" or "decision") wherever used. The redundancy, although

perhaps tiresome, has been found necessary to avoid confusion, 4An alterm-

tive would be to avoid completely the use of the word but, unfortunately,
a suitable substitute has not been found or coined.

1/ A.C.D. Haley and W.E., Scott - "Analogue and Digital Computers® -
Philosophical Library Inc. - 1960,
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"Data" and "information" are not synonymous. In this discussion
information is conatituted of data which have been processed in such a
way as to be meaningful and useful for dec;ision purposes, This distine-
tion is important for several reasons. First, ®information" at one
level of the decision scale often becomes "data" at & higher decision
level, There are myriad types of equipment capable of handling data but
only a relatively limited (although growing) rumber are cepable of effec-
tively transforming these data into information. Treatment of information
as data for higher decisions requires increasing sophistication in equip-
ment and in understanding how to apply it. Since the effectiveness of a
manager is determined by the nature of the information he obtains and how
well he uses it, the optirmm mansger will prove to be the individuel who
has best geared the use of equipment into the organization's decision
system. If the manager chooses to consume his energies by converting
data into information, he has reduced correspondingly his potential for
effective use of the information by failing to make use of the data re-
duction tools which are available. To the extent that the manager cean
delegate responsibility for converting data into information, the manager
is conserving his personal resources for the significant task of deecision

mking .

The appearance of computers is causing significant impacts in the
management area as well as in the scientific community. As 1s the case
with most complex tools, however, mich study and effort is required in
order to fully assess and take advantage of the advanced techmology of

the equipment. Several writers have advanced the proposition that the
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full potential oM the computer is not being reﬁl“wnd. Mr. Dwyer, for
instance, states: "Today, electronic computer applications generally
reflect a conversiéx; of old systems rather than the development of new
systems designed to capitalize on the unique capabilities of the com-
puter." &/ Mr., Rosenzweig says: ", . . full potential of electroniec
computers has not been realized in the majority of present installa-
tions." E74 Much of the failure toc achieve relatively effective use of
computers can be traced to the approach which typically has been used
by organizations cohsidering partial or even complete conversion to
electronic data processing. Far too often the effort has been directed
toward using computers with the present system rather than recognizing
the value of system redesign. Limited goals have produced limited re-

sults.

Not long ago a key official in a large industrial organization
comnented > the effect that the introduction of high-speed large ca-
pacity data processing equipment might quite conceivably turn out to
be the most significant advance in civilization since the invention of
the wheel. Why should a responsible individual compare this upstart
to the discovery which has been deseribed as the foundation of human
civilization? Why does slectronic processing of data open up possibilities

which were not achievable or even foreseeable with mamual, mechanical, or

2/ E.D. Dwyer: "The Computer Challenge" - Navy Management Review -
August 1959.

3/ Jim Rosensweig: ".iec Weapon Systems Management Concept and Elec-
tronic Data Processing" - Management Science - Jan 1960, Vol 6, No. 2.
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electric methods? What are some of the atiributes of this equipment
which already suggest the ultimate significance of automatic data proe-
essing?

First is the characteristic of speed. Probably the most popular-
izing feature of processing data electronically is the rapidity with
which an element of data can be acted upon. The capacity to add, sub-
tract, multiply, or divide in thousandths of a second is highly signifi-
cant in the solution of involved formmlae or in the treatment of msses
of data. The rapidity with which the modern computer can process data
staggers the imagination and the limit has not been reeched since com-
puters presently being designed will operate at speeds on the order of

ten times faster than today's equipment.

The second important characteristic of this equipment is its
ability to store - and have relatively ready access to - tremendous
files of data. Whether the device stores the data on paper tape,
magnetic druns, magnetic tape, magnetic disks, or on cathode ray tubes
is not too significant at this point. The manager should kmow that he
can materially reduce the amount of storage space he is currently using
for his files and, at the same time, significantly improve his ability

to "get at" the specific information he requires.

The third feature is the element of accuracy. Management today is
putting its faith in data which are, to a surprising extent, invalid or

only partially correct without even recognizing that serious discrepancies
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exist. Typically, the blame has been put at the point of origin. 4a a

practical mtter'though, 'i'.he degree of imaccuracy caused by the origimel
source of the data can normally be determined; but the trustworthiness of
the data becomes progressively mors suspect as it is mamually summerized,
adjusted, extrapolated, interpreted, and so on, for each step in the data
eycle has heretoforc tended to create and introduce more errors and dis-

crepancies,

Computers provide us with several avenues for miniﬁzing this problem
of errors. One element of course, is the high degree of accuracy of the
equipment itself. With the self checking features which are built into
circuitry of the equipment, machine created errors are on the order of
a one to a million possibility and this factor can frequently be improved
upon, if desired, by providing additional checks in the machine program.

If an error occurs as a result of faulty programming, the error tends to
be a repetitive one which will become so emphasized as to be readily appar-
ent in the output of the machine or which will be easily identified by spot
checks. &/

Once the machine program has been "cleaned up" or "de-bugged®, time and
resources which were formerly spent in polieing the entire data processing
effort can be devoted to the data source, either for the purpose of

4/ Caution is appropriate at this point. It is possible to have a repetitive
error introduced which does not become immediately obvious through a review

of the products. Normally this kind of error is of a nature which will bring
the mpchine to a halt but there have been occasions when the machine contimed
to process. In rare instances such errors have been uncovered only acciden~
tally.



increasing source data validity or to develop an accurate measure of the
reliability of the date in the system. A significant reduction in error
probability, then, can be achieved when mamel processing is replaced

by equipment processing, and srrors which are introduced during manual re-

processing are practicelly non-existent with machine processing.

A fourth feature of automatic data processing devices is known as
"stored programming capability.” At this point we have a grip on one of
the characteristics whieh tend to substantiate the estimate of signifi-
cance as made by our industrialist. Prior to the appearance of electronic
computers, those machines which were available to assist in handling data
would react once and walt for human intervention or instruction before
proceeding to do the next step. The stored program now permits data to
be arranged in sequence; merged with other data; mumerical values added,
su.iracted, multiplied, and divided; percentages computed and applied;
and obsolete information weeded out ~ each action taking place in accord-
ance with a preconceived plan and with little ¢r no intervention by any
huran - and each action taken greating far fewer errors than we have ever

before been able to experience.

The fifth characteristic 1s a matural outgrowth of the preceding at-
tribute. This is the capacity to modify programs automatically. There
have been mmerous papers written on the "ability®™ of computers to "learn®
and there has been quite a lot of research undertaken with the objective

of duplicating the human learning processes in computer circuitry and
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computer programs. The techmology of the equipment mow exceeds our know-
ledge of how to use it so that today we can't take full advantage of its
self-programming capability. Our ability, however, to use the equipment
is growing and there is excellent reason to believe that significant
breakthroughs will occur before long witﬁ the result that ultra-sophisti-
cated programs and systems will be made avallable through use of the
equipment for data and management system design purposes. Fulfillment

of this goal will ameliorate one of the prinecipal problems which contempo-
rary designers face when developing a complex meanagerial system. In an
endeavor to reach a fully integrated data system, an salmost insurmountable
hurdle exists today in the area of redesign. Any "minor" adjustment tends
to have reactlions through the entire decision system complex. Tradition-
ally, these reactions are painfully and laboriously traced through the
complete network, often consuming time and menpower far out of proportion
to the benefits to be obtaineds As we increase our ability to apply com-
puters to the management system design effort it will be possible to
introduce modifications in timely and economical manner and we will even
be in a position to predict the value of the modification thus permitting
the manager to scientifically decide whether the change should be intro-
duced at all arﬂ, when the decision is affirmative, the most appropriate
time for meking the adjustment,

The sixth - and possibly most significant - capacity of modern day
comput;ers is their ability to compare values and then do further processing,
the nature of which depends upon the results of the comparison, It is in
this area of applisation that management has been least successful in taking

»



adventage of the possibllities of this equipment. Ilaxness in making fullest
use qf computers is the result of numerous factors. The manufacturers of
computers, understandably concerned with sales, have touted the value of

these machines in terms of capacity to maintain files of records, thus speak-
ing in terms familiar to the prospective purchaser. Traditionally, funotional
area managers state requirements or develop systems to satisfy their specific
needs without regard to the integration of their requirements into an overall
management system. The systems design responsibility must be divorced from
functiomal aresa attitudes in order to assure that imdividual system segments
are compatible and effectively integrated to meet the total needs of top man-
agement. Machine technology has not yet reached the point where it is possi-
ble to comstruct a self-organizing or thinking machine so that higher-order-
decisions are generally not subject to machine accomplishment today. It mast
be recognized therefore, that there is a large body of elements in the decision
spectrum which is not machine susceptible. Decislons involving moral, politi-
cal, or soclal aspects are rarely subjJect to pure mathematical treatment and

the machine can only serve to assist the decision maker,

In a large mumber of instances, however, the need for a specific decision
can be predicted and precise rules stated before the need for the decision
arises. If mansgement is willing to take the time and exert the mental effort
necessary, many decision rules can be go stated as to permit the use of auto-
matic equipment to make the decision, thus assuring speed, uniformity, and
predictability in the degision piocess.
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At the lower management levels of an arganization, quantitative factors
tend to dominate decisions and it is at these levels that electronic informa-
tion processing will have its most direct and immediate impact. The effect
of such equipment on the higher decision levels will, in the long run, be
highly significant although often not as direct. Executives will find that
they have available a wuealth of quantitative informetion which has not here-
tofore been accessible. More important to the key executive may well be the
ability to study the effect of alternative decisions through simmlation tech.
niques. Top managers will not be replaced by machines but will find themselves
working with electronic processing equipment to improve the wey in which

their decision functions are performed.

In the electronic computer, then, the Aeronautical Systems Division
will have a tool of tremendous versatility and capacity. It is a complex
and demanding piece of equipment and its potential can, todey, only be
guessed at in view of rapid advances being made in the technology. In order,
however, to provide the Aeronautical Systems Diviasion with the capacity to
attain the most effective results possible from equipment which is now or
will be available, it is important to specify those concepts with respect to

automatic data processing which are pertinent to the mission of the Division.



I. INFORMATION/DLCISION SYSTEM CONSIDLRATIONS

1. COMPATIBLE AND INTRRACTING MANAGLMENT SYSTEMS

", . + It seems reasonably certain that the time is not far distant
when we will be able to exploit the decision-making capabilities of the
digital computers to a much greater extent than is now done, and when
many of the more humdrum mental tasks which now take so much human time
will be done by machine." &/ Computers are providing menagement with a
capability for obtaining information regarding related functions and
areas of work to an extent far beyond the capacity of previous data proc-
essing equipment. The speed of the computer together with its ability
to make comparisons (low-order decisions) and vary its actions in accord-
ance with the results of the comparison can be effectively utilized only
when the various sub-systems are designed in such a way as to be compati-
ble with each other. "The most important feature of data processing
applications is that any particular job is not a self-contained problem,
but rather one phase of the company's operation, and must therefore be
integrated with the sysiem as a whole." 2/ The first coucept, then, re-

lates to compatible and interacting nansgement systems.

The ultimate in efficient and effective use of computers can be
achieved only when the management system is design:d to take fullest

advantage of their speed and capacity as an integral part of an .on-going

4/ Arthur L. Samuel - quoted in "Advances in Computers" - Alt, Booth,
Meagher - Academic Press - 1960.

5/ Calvin C. Gotlieb, quoted in "Advances in Computers" - Alt, Booth,
leagher - Academic Press - 1960,



process with each element of the process fitting logleally and fully

into preceding and following eleleilts,

2. AUTOMATIC UP-DATING OF RECORDS

The basis of the decision system exists in the raw material (basic
data) which will be processed to permit extracting of the information
needed for decision purposes. These data are fed into files of records
which can be called upon at appropriate times to provide the information
desired. Typically, the records maintained for each function, and some-
times for each operation, have been maintained separately and these records
have often been modified on different time schedules, and from different
sources. The effect of the resulting confusion can hardly be oversgtated,
Finaucial, procurement, and supply records never matched at any point in

time and were imadequate for cross-checking purposes. The ASD concept is

to provide for automatic up-dating of records.

Today many files maintain much the same information. The development
of compatible and interacting systems will elimimate the need for a number
of those files and more rapid processing will reduce the remainder still
further. It is, however, quite probable that some files will contain ome
or more datu elements which are identical to parts of other files, and
that a change to a specif'ic element should be reflected in each of the
files. Automatic data processing equipnont reduces the errors encountered

in manual file up~dating and can speed the up-dating process enormously.



3. DEROVED ACCURACY OF BASIC DATA

Use of data from a single transaction for adjustment of all related
filea places an Q.dditioml premium on confidence in the raw data. Studies
in industry indicate that there 1s probably a serious lack of validity in
data going into our filea. In some areas as high as 60% of the individual
records have contained errors or discrepancies. It is highly unrealistie
to assume that 100% accuracy of management data can be achieved, yet many
decisions are belng based on just: such an asswmption. We do know, though,
that automatic processing of data achieves tremendous reductions in errors
vhich are currently being created subsequent to the initial introductlon
of raw data into f.he gystem. Automatliec processing also create the eli-
mate necessary for mathematically determining the probability of error for
information furnished for decision purposes. The nmext ASD consept, then,

pertains to jmproved agcuracy of bagic data.

Increased use of automatic data processing equipment will eliminate
meny data errors currently gemerated by repetitive mamual processing.
The collection of raw data, however, presents an area which must be care-
fully serutinized. The most error-free method, of course, is to collect
the raw data as an automatic by-product of the rcutine operation. Since
such a technique 1a by no means always available, it is important that the
means for accumlating raw data be scientifically designed and tested.
The goals of the design of any method for the collection of raw data muat
be: (a) use automatic acquisition of data to the fullest possible extent;
(b) permit mathematical determinmation of error probability, and (e¢) facili-
tate machine audit (and correction) of raw data,



Ons of the significant problems facing us today is the amount of
time which it takes to institute a worksble data system design for avail-
able equipment. "The production and delivery of a computer is a mch
less complex task than the establishment of a data processing system -
the ultimate product mission. But if the top management, systems apalysts,
and mamifacturers could focus on the overall product mission, the greatest
long run benefit would acerue.” &/ This same problem - time - tends to
limit our willingness to undertake system redesign even when the desir-
ability of such apn effort is very evident. The next ASD comcept, then,

is in the area of fa

The total problem of a data system involving effective use of auto-
matic equipment is very complex and the design of such an involved system
generally requires considerable time and meticulous attention to detail.
Introduction of automatic data processing equipment directly into a mammal
or manual-mechanical data system rarely results in an efficient applisation.
The data  system should be specifically desigmed for equipment applicatlon
with proper attention paid to the inevitable need for adjustment of the
system to changes in the requirements of management and operations. The
ultimate concept obviously imvolves the use of equipment to actually de-

sign the data system. Since, however, our capability to use automatic

&/ Jim Rosenzweig - "The Weapon Systems Menagement Concept and Electronic
Data Processing® - Management Science - Jamary 1960, Vol 6, No. 2.)



equipment has not reached the sophisticated level necessary fdr such an
application, the interim paramster calls for the design of eagh data
system in such a way as to assure its flexibility and ease of redesign.
5. BBAL TIME PROCESSING |

With processing speed being a significant attribute of the equip-
ment, it is inevitable that managers (and computer mamfacturers)
longingly consider the possibilities of "real time" prosessing - proc-
ossing the date at the in-ipnt that the transaction itself takes place.
There are undoubtedly times .whon real time or instantanecus processing
of data is an essential element of an on-going process. Guro should
be taken, however, to nmi that the necessity is gemine and substan-
tial. The cost of ost;bliuh!ng a facility which approaches real time
capability tends to be high in terms of ucriﬂco of other potential in
the equipment as well as in terms of dollars, A digital computer gurtd
to & space vehicle guidance system might have its entire ocapacity i'l.ovotod
to contiming oomputations of welcoity, altitude, location, etc., with
instantansous feed-back to govern guidance or speed of the vehicle. On
the other hand, a computer might be programmed in such & way as t.o.pu'nt
interruption of a processing run as a result of in-put from a remote inquiry
station; returning to the processing run only when it bas completed the
sotion required by the interrupt. In ths one instansce, a special purpose
unit has been provided to permit real time processing and the cost ocan be
readily determined. In the other cese, real time processing has been agh-
ieved by diverting the equipment from & task whish it is performing - the
cost of the delay can only be approximted but is nevertheless a very real
cost. The ASD oonsepts, then, should inoclude consideration of paal time
Ereesssing. - ‘ s



In any data system, which envisions the use of automatic data processing
equipmem us au integral part of the om~going physical operation, the need
for rapid feed-back from the equipment to c‘ontrol the physical operation
mast be examined and if such need is found to exlst, adequate provision

should be made for it.



II.' EQUIPMENT CHARACTERISTICS

The cost of computer equipment is high. Even when it is rented,
there is normally a significanf. capital expenditure in terms of money
(to provide an adequate location for efficient operation) and in terms
of time (necessary to design the systeﬁ to make most effective use of

the equipment).

6. FLEXIBILIIY OF FQUIPMENT

Advances in both general and special purpose computers have occurred
at a rapid rate with major improvements in both capacity and speed. Con-
currently there have been significant reductions in equipment size and in
requirements for power and for air c§ndition1ng. There are & mumber of
reputable firms mamifacturing ecomputers, each touting the virtues of its
own products and, unfortunately, often over-simplifying the difficulties
involved in making computer applications. Since most computers are
available in a variety of configuration, especially with respect to
peripheral gear, the selection of the most effective computer becomes a
proposition of major proportions. It 1is not possible today to visualize
all appropriate uses of equipment. It may, for example, be highly de-
sirable to couple a plece of computational gear with a photographiec repro-
duction device. Second, to assure that we can always select the best equip-
ment for our purposes it is important that the "machine language" used be
universal so that it is possible for one machine to "talk to another® even
though different mamufacturers are involved. Third, selection of equipment

will be governed in large part by expandability of capacity so that new



applications can be made without concern that the equipment will become oyer-
loaded. The ASD concept involves flexibility of equipment.

"Mayual and machine elements of the data-processing ayateil mist be
flexible and not rigid if it is to satisfy the needs of menagement.? &/
Advances in equipment technology have significantly reduced the types of
applications which justify the use of special purpose equipment. Campe-
tent programming will permit the use of general purpose machines for
many exotic problems which formerly required the design of special cir-
cuits and gear. It is anticipated that this trend is a continuing omne
and hence selection of equipment is to include emphasis on versatility.
Computer equipment should be susceptible of expansion, preferably with
respect to internal memory as well as with respect to perij)heral squip-
nent. Extensive and effective "software" - standard programs, English
language compilers, mathematical formlae translators, etc., - is a must,
both to shorten the time required to put a management system on the gom-
puter and to increase the range of applications of the equipment.

7 MITE U ACI

Whenever any manageriel or administrative system proposes the use of
central files and records, the objection is raised that such centraliza-
tion makes it difficult to "find what you want' and that physical separa+
tion tends to reduce the usefulness of the files. Experience with

computers has proven the desirability of, in effect, maintaining “central

8/ Milton Stone - "Data Processing and the Management Information System®
from "Data Processing Today: A Progress Report" - AMA Management Report
Nr. 46 = 1960



vecords.® The problem of identification of the record desired tends to be
solved automatically because of the precision with which the equip-

ment receives its instructions and the related need for complete standardi- .
zation of imput formats. The problem of geographical separation remeins,
however, and leads to the next ASD concept which pertains to remois® inguiry
sapaglty.

Increasing autcmation of data handling, and especially the tie-in of
automatic equipment into the day-to-dey operating routines of ASD, will
constantly raise the question of the appropriateness of decentralizing
automatic data processing equipment. A completely integrated system would
render such an approach highly lnadvisable because of the cross-relationships
which will exist between various data elements and records. It is probable
that the 1965 ~ 75 period will see increased centralization of files and
records. The answer to the desirs of functional areas for self service
with respect to equipment will be provided through the carefully considered
use of remote inquiry statlons. Care must be taken to assure that the in-
terrupt privilege of such stations is controlled so that undus interference

with main frame runs does not occur.

8. BEITTER DISPLAY TECHNJQUES

Advances in computational equipment and techniques are contimuing and
significant. Up to the present time management has relied almost entirely
on display of data and information in the form of written or printed reports
and summaries. Research in other methods of display is showing a great



deal of promise. The present techniques may contime to predominate tut

there are many occaslons when some other technique would be preferablse.

The related ASD concept is better display techniquea.

The paucity of material in information processing literature on the
subject of display devices and techniques is unfortumate. .Typically, data
processing has involved the preparation of mwmerous printed reports. Too
of'ten management has accepted such reports as the total potential of the
data system, remaining oblivious to the very real possibility that other
techniques are available which might meet management's requirements much
more adequately. Information achieves value only when it is presented so
as to support a decision which must be made or an action which must be taken,
To a large extent, the usefulness of the information becomes a function
of the way in which it is presented. Reports are only one display form.

The value to management of more imagimative disple}y devices and technigques
must be recognized. Congideration will be given to coupling display devices

to remote imquiry stations.

10



P P R S W

. mena et

IIT. APPLICATION AND OROANIZATION ASPECTS

S Improvement in management teohniques will be more important than
technological edvange to the suseess of companies . « While seientifie
progress will contimue to be important, pressures on eost, reliadbility,

quality and on-time delivery are placing a premium on effective managee
mnt.' y

Eleatronie somputers were originelly visualized as tools for the
solentific eommnity - - especially sultable fopr the solution of in-
volved formlae and equations, Repid iLmprovemenits in equipment have
heightened its usefulnsss in this environment. Contiming e:ploration of
application teelniques including inereased use of analeg ecomputers and
the eoupling of analog devices to digital equipment are providing sei-
entists and engineers with a tood of utmost significamse, This has led
to the next ASD concept whish provides for yae of equirment to smppart
$he sclantifiac and enginecring efiorke

More and more the selentists and engineers are finding the high speed
and versatility of sush equipment esasential tc the solution of many stieky
problems, The Aeromsutical Systoms Division has been in the forefront
of users of such equipment for severel years and the use of available equipe
ment has been sonas*antly inereasing. Computers are being used to read anmd
oonvert test results and to provide the answer to the need for mass date

L —

§/ Stephen I, Keating, Axeoutive V.P., Minneapolis Heneywell - quoted in
Asrospage Management, Jeb 1962, 1n



reduction. All persomnnel should be slert to other applications using tech-
niques which have been tested ard proved as well as to potential applications.
Mach study is currently going on in the area of machine translation and machine
abstracting. It is anticipated that major advances in these areas will provide
tremendous pay-off in enmhancing the capablility of our technical personmel to
keep abreast of advances in their own and related fields. At this poiut,

it is not possible to determine whether special equipment will be required

for such information retrieval but there can be no question but what there

will be vast growth in information retrieval capacity and that such growth

will have significant impact on the ASD environment.

10. USE OF EQUIPMENT AS A MANAGEMENT TOOL
Recognition of the possibility that computers could be effectively

applied as administrative and managerial aids has been reached subsequent
to thelr conception as & tool of science. The great increases in memory
capacity, the development of peripheral gear, and advances in programming
techniques have all constributed to make these devices major tools of man-
agement. Today the technology of the equipment has surpassed our knowledge

of how to makc most effective use of it. The next ASD concept, therefore,

concerns uge of equipment as & management tool.

The ultimate value of automatic data processing equipment will be in
large part measurable by the extent to which it is used to make management-
type decisions or to high-light specific problems for which decisions are
required. It is obviously not probable that top management will ever be

able to delegate to electronic computers the responsibility for making



decisions involving pelitiocal or broad pelicy aspects. When sugh determine-
tions, however, have been man~-made, the computer can make a surprising mumber
of the lower-sghelon decisions provided that the necessary effort has been
made to state the gontrelling factors which lead to such decisions. At the
same time, the computer can provide a feed back to top management which will
permit contimiing assessment of the appropriatepess of the origimal decision.
More and more our systems are going to be desigped so that the computer becomes
an integrel part of our day to day operationg. The resulis will not always
be pleasant since the computer will tend to show up our failures without the
saving grace of glossing over them. We will be operating ip a new frame of
reference and will have to adjust our thinking accordingly.

11, MUAGEWENT REQRIENTATION AND EDUCATION

A number of writers in Qiscussing the application of computers to
management and decision systems have indicated the belief that a probhlem
may exist in f;.glure of the management people themselves to recognige the
importancs of and prqvide for proper use of this tool. "We should warry less
about the mechanical incompatibility of one computer with another computer,
and worry more - even exclusively - about the growing incompatibility of
computers and manegers.® # Again: ®There can be little doubt that computers
will profoundly affeet the ways in which we learn, think, build,other computers,
and plan the operations of our society." n/ Or: "With inatantapecus feedback

E.B. Dwyer « "The Computer Challenge® - Navy Management Review «
August 1959.

1l/ Walter R. Rosenblith - ™Social Consequences of Change® - Dasdalus Jouymal
of Academy of Arts & Sciences - Summer 1961.



flagrantly spotlighting lack of foresight, the decision-maker must now define
his objectives accwrately. There can be no'playing for time!, for unsound de-
cisions boomerang immediately. The 'Think' signs so prominent in EIP offices
are the handwriting on the wall for management by intuition ard 'flying by the
seat of the pants.'! One hard boiled EDP executive, refuting criticigm that .
computer systems are ‘'inflexible!, stated, "Flexibility" just means that the .
fellow wants to chanze his mind when he shouldn't. He is doing some after-the-

fact thinking.'™ »/

All signs point to the fact that computers are in the process of
creating a revolution in our ways of doing business. The management levels
mst be made aware that this revolution is going on and then must be trained
to work with and take full advantage of the tools which are generating the
changes. "I think that when memories are large enough to store all signals
needed and generated for an entire tagk, the situaiion will be charged quali-
tatively. For human beingé would no longer be used as components which are,
in fact, even ih the humblest tasks, error 'correcting me::hanisné of very high
order, Thus one can hardly extrapolate from present experience of mchines

as 'clerical aids' for humans, to the fully automatic syste;n." 3/ The next
ASD concept relates to management reorientation apd education. :

The ability to work effectively with computers is not easily acquired,

The difficulty is enhanced at present because of the lack of preciseness with

12/ Ida R, Hoos - "Sociclogical Impact of Office Automtion' hhnégement
Technology (TIMS) December 1960 (Vol I, Nr. 2)

13/ R.A. .uirthorn - Symposium on th 3 Influence of Very Large Memory Designs
and Capabilities on Information Hetrieval -- Proceedings of the International
Conferecnce on Information Processing (P482-UNESCO) - Jun 195¢"
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which it is possible to predict our future management systems and techniques,
It is nevertheless imperative that our future top managere start now to de-
velop the familiarity with the requirements of automated data processing
which will permit them to operate well regardless of the characteristics
which automated management systems may evidence. As more and more of the
less complex deglslons are made automatically, the opportualty to receive
practical experience in decision making will be incressingly limited. There
are a numBer of studies currently underway which are designed to provide a
mich clearer understanding of decislon processes, so that here, too, formal
training can be used to substitute for practical experience. The Lmplica-
tions are clear, however. Management will progressively become less of an
art and more of a science with inevitably increasing emphasis on specialized

formal education.

12. CRGANIZATION STRUCTURF

The structure of an organizetion which is increasing its use of high
speed electronic computers inevitably must be examined for the answer to
two specific problems - (a) the design of systems using computers and the
operations of the computers as & significant and integral part of the manage-
ment process poses the question of location of this system design funetion
in the organizational hierarchy, and (b) the adaptation of our way of doing
business to a la.r%ely computerized system requires that the basic orgenization
philosophies be carefully scrutinized and re-svaluated. "The changing charac-
ter of the company undergoing automation reflects a dymamic situation.

Static relationships among organizational variables do mot prevail. One may

15



well ask whether explicit recognition oi automation in organization theory
calls for the introduction of another varisble or whether what is needed is
a significant extension of organization theory. Certainly the accepted

models can no longer be considcred adequate.” yy The ASD concept per-
tains to organization gtructure.

The advent of computers, their increasing capacities, anmd our in-
creasing ability to use them, inevitably mean that owr ecurrent ways of .
doing business are going to undergo significant changes. Since one of
the factors governing the organization structure is the way in which
vusiness is done, the organization structure of the Asronautical Systems
Division will probably undergo major changes in order to provide for
most effective use of these electronic devices. The most likely results
includes the reduction both in number of management levels and in ratio
of supervisors to persons supervised. I} is also likely that office files
will be materially reduced since advanced information retrieval systams
will provide,at a central location,ready availability of any {iles desired.
Renote viewers and/or reproducers leccated at strategic points will provide

the easy access represented today as a significant aspect of office files,
13, ERISTICS O RSO,

Rogardless of the extent of automation, the human element is going

to play a fundamental role in any automated management system. It is apparent

14/ Ida . Hoos - "Sociological Impact of Office Automation® - Management
Technology (TIMS) Dec 1960, Vol I, Mr. 2.
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uivver, that automatic data processing equipment will create a demand
for personal capability which is not required by today's business methods.
The need tc ‘rork with such a sophisiicated tool will tend to preclude the

present broa. sources from wuich mamagement personnel are selected. The

next ASD concept comcerns gharecteristics of pergompel.

The ASD automated management system will emphesize the current man-
ning trend toward higher percentages of technically trained amd qualified
persomnel. Qualifi:ations for management positions will become more
specific and more stringently applied. It is probable that sabbaticals
for mansgement personnel will become more common and possibly even re-
quired, for there is probably no better technique by means of which the
Air Force can maintain its managerisl capabilities on the high level re-

quired.
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SUMMARY

This planning note advances the proposition that developments in

the field of information processing will ultimately have a much greater
impact on menagement than 1s currently generally anticipated., Among
the computer characteristics which lead to this conclusion are speed,
file storage capacity, accuracy, stored progrumming capability, auto~

matic program modification, and abilit; %o compare values.

The concepts identified in this document are to be used as guide
lines for thg developzent of the future ASD information and decision
system. The concepts specifically discussed include: (1) compatible
and interacting systems, (2) automatic up-dating of records, (3) im-'
proved accuracy of basic data, (4) factors imvolving system design and
redesign, (5) real time processing, (6) flexibility of equipment, (7)
remote inquiry capacity, (8) better display techpiques, (9) use of
equipment to support the scientific and engineering effort, (10) use
of equipment as a management tool, (11) mana:ement reorientation and

education, (12) organization structure, and (13) characteristics of

personnel.

The relative imporiarce of the concepts is independent of order of
treatment in thic document. It is anticipated that the significance of
any item will vary with tlme and, as a practical matter, proportiomate
influence will become a furction of problems enesuntered rather than

an absolute statement of relative importance.
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The Aeronautical Systems Division is on the threshhold of signifi-
cant changes in its management or decision systems and these changes
will result in major adjustments to its organization pattern aﬁd
management personnel selection methods as well. Logical amlysis and
careful planning provide the surest protection against the confusion
and reduced effectiveness wiich tend to become prevalent during such

times of major transition.
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