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Dr, Karl T. Compton

Room 3-208

Magsachusetts Institute of Technology
Cambridge, Massachusetts

Dear Dr, Compton:

The attached report is submitted in answer to your
request of September & for information on the position of
digital computers in the national research and development
program. The staff of Project Whirlwind has been concerned
for many months about the issues raised in your letter,

As they became more. immersed in the digital computer, which

1s a part of their program, the more aware they became of

the broad utility of digital computers as a tool and of

the considerable magnitude of a larger program of applyling
- them to the general military situation.

For this reason they have been accumulating for
gsome months a background of information through visits and
‘exchange of informetion with commercial and military labora-
tories working on digital equipment and its possible appli-
cations, They had made some progress in an analysis of all
the information in thelr possession, After much consideration
it seemed to me that a quick answer from this group might
be more ugeful to you than one three to six months from now
in which more individuals had participated., For this
reagon, Mr, Forrester and hisg staff assembled the attached
report from material at hand. I requested, i1f possible, a
- presentation on one chart covering the elements of staff,
dollars, and time as well as the specific areas in which
they bellieve the digital equipment useful and worth consi-
dering taking into account its performance and economies
in use of manpower,

Very . truly yours,

). mEd. Seqe
N, McL. Sage



OFFICE OF THE PRESIDENT

September‘S, 1948

" Mr. N. McL. Sage, Director
D.I.C.

Dear Mr. Sage:

. - From time to time I hear about military and other
governmental agenciles which are laying more or less
definite plans to utilize high speed digital computers.
These interests include control of gulded missiles,
integrated radar networks, fire control, cryptography,
ajr traffic control, and others.

. Both because of M.I.T.'s responsibility for the

. Whirlwind Project and also because of my association
with several advisory groups to the Armed Services, I
am concerned that we have as clear a plcture as can now
be pregsented regarding the potentialities for useful
applications inherent in such a device, and also the
time, money and staff which will be required to carry
digital computing equipment to the point of use by the
“Armed Services.

Tt is realized that any estimates which can be made
at this time may be subject to substantial modification
with later experience, but nevertheless I think it is
very important for us, for the Office of Naval Research,
- and for the various agencles 'which are contemplating use
of the digltal computer to have clearly in mind the best
egtimates which can now be made with reference to the
cogt, the time schedule and the technical possibilities
involved

-Will you please, therefore, with the best technical
advice available, prepare a brief report in answer to
these questions? I belleve that thls report should also
be made avallable to and discussed with the Chief of Naval
- Research and any others importantly concerned with this
project whom you and he may feel it desirable to include
for purposes of information or advice.

Very sincerely yours

)<aal.7i
~ KTC/L | ' President
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~ Many picms &re now being considerad for the mili'tar& use of
information systems built arowmnd électronic digital computers. Such
systems appear upi{gue in their ability to process end ovaluste informas
fion éufficiently ropidly for modern high~speed militery operations. The
_advantages gained when digital information ayétema make poseible the bete~
ter integration and more effective use 'of other military. equipmant should
more than justify the diversion of mén and resources to digital information
systen development. | |

| An epproximate estimate has bsen made of the time and cost to

bring such information asystems to useful military reslization. This
forecast s_howa a period of fifteen years é.nd e researéh and developmeﬁt
‘cost,. dricluding field testing end trial cperation, of two billion dollars
($2,000,000,000) to bring these systems to an opsrational stetus. An
equal or greater production program would follow for equippt-’.ng the Milie
tary Servicea with productlon squipment, Gompénéating adjustments in -
comp).stion time and to;bal cost can be xiada to meet military neceesity.,
| Such a program would require ‘an'active training plan to pro-
vide necessary personnel.
_ An 1nitial inveatigation requiring four yosrs snd sixty-five
million dollars ($65,000,000) would provide the necessary information on
which the importance and feasibllity of ﬁhe complete progranm éould bs -
Judged. |
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'FORECAST FOR MILITARY SYSTEMS USING BLECTRONIC DIGITAL COMPUTERS

Desoription end Military Applications:

As used in this report, the term "Electronic Digital Computers"”
describes a combination of information storage end switching systems
<dapdb10 of performing salection and choice operations in addition to-
'the.basic operationz of arithmetic. In general, the equipment is that
oapable of operating in the range of 1,000 to 50,000 such arithmetic
and awitching operations per second. ‘

Despite its popular reputation, the digital computer doss
not have huﬁan thinking intelligence, but it does have sﬁperhuman
computing speed, and, when properly directed (viz., fed input information
correctly and programmed correcﬁly t§ describe the desired cperations),
the output givea orders or information which can be either éutomatically
transformed into aption or interpreted by humans for further processing.
Thpré need be no human link in this computing chain. Comparatively
'speakiné, the time element for equipment to réapond is seéonds or minutes
‘ compared with days, weeks, or ecmetimes‘monﬁha using presently available
mothodss

| This spoed makes it highly sulted to the problems of combat
operations. In the future thess, to be successful, seem gearsd toa
vast increase in information that mnst be analyzed and reduced to a
usable form before the time for use has expired. |

Presenf art makes it reasonable fhat men can bevtrained in.
the u#e of digital computer systems; that the systemé can be produced,

field tested and integrated into the military services with a saving
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of manpower; and.that the increased accureacy of éutput informetion
can enormously extend the types of problems capable of solution, in
time to use the results. |

By more effective use of available 1nformation and intellie.
gence, the digital equipment will meke its contribution not only at
the battlefront, but also in the supporting activities of logistics,
design, information centers, etc. .

Digital equipment can contribute in many diverse acéivities :
requiring differing types and mobilities of design. To provide equip-
- ment for.the full breadth of péssible spplications is an undertaking
which eppears greater than the magnitude of radar, |

The use of digital information systems mey eventually result
in impfoved types and simplifications of other military squlpment, end
these econqmies nay muich morg than pay the cost of a_long-range digitel
equipment development program. The men and rescurces for such wo}k
would, therefore, be compensated by those eventually released from
6€hef pursuits as they were proved leas promising. | |

In making the estimate here reparted, it has been essumed
that digital equipments for éﬁe'applicati?ns now being considered |
(aeé Columm 2. Figure 6) are to be made available as soon &s poasible,
compatible with effective use of technical personnel.

The report covers not only digital computers, whidh are a
small part of the total, but, in addition, the complete systems of
whidh the digital computer is only a nucleus. The progrem incluées
auxiliary equipment, applications studies, field tests, and training

[ of staff required to do research and to produce and operate the

CONFIDENTIAL
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The potenﬁi&l contribution of digital computers Lo the mille
tary effort can hardly be overegtimated. As control dsvices, disitel
information processing equipnent can provide sorvices promised by no
other equipment, Even in present initial designa row being consiructed,
effiqiéncies (4n ferma of compuiation par dollaf’a worth of equinment) .
.will be ten to several hundred times preseﬁt analog eguipment, Opace
and weight reductionsAin propbrtion to these efficiercy increasss can
be realized, For many operational problems in the offensive use of _
and defenee agelnat gulded missiles, aircraft, and suba&rinas, tho.
k"digital equipment at this time esems to be elone in nrumislng the re-
quired capaclty, speed and econcmy., .

An exampln of a requirsmant in the ao}utlon of tactical
problems is found in the innercuption of suporsoalc mlssiles., dere
there is need for combined computer and contrel system which cans

1) - Automatically recelve radar and othar information
from multiple locations,

‘2) Correlata this with past informatioca,

2) Distinguish between types of missiles and dis-
tinguish missiles from aircreft basad on identi-
fying information and traj@ctoriesg ,

4) Predict trajectcries to the impsct point (if
flight is unconirells A),

5) .Assess possible demage and impertence of defense
aztion to permit concentratlon of dsfense against
the most dangerous missiles,

6) Take rapid- automatic defensive ection in aelécting

launching locatior end firing dssensive missiles,
where tims 1s too short Ior human interventiom,

7) Carry on thess operations with o mintmum of equip-
nenty

CONFIDENTTAL
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- 8) Possess the required fléxibili‘éy %0 avoid ths n@éd “for
rodesigning to meet chenging tactical situations end
the appearance of new wespons of @ither offense or
defense, .

‘ Bo equipment at present in use can accomplish these require-
ments in the interception time likely to be avellobls, Digital come
puting eyst.ems appear capable of aecomplishing the task. :

Applications are forasaem :!.n nost branches of the national
and nilitary economy—-air traffio control, integratsd fire control and .
~ combat information centers, interceptioxx networks, scientific and en=
gineering research, guided missilp offense and defense, end data pro-
cessing in logistics, L |

GH_AND DEVELOP “

© A forocast of the probiém ghead shows that ‘equil.;:ment for en-
gineering a;xd écientific uze, fixed location interception and air traffic
networks, simulation and ayntﬁetic training, semi-mobile, mobile, and air<
borme equipmeni;a » and applications to logistical caloulations, are all
part of the problem, The cost of maling this equipmex&. avallable to the
Military I‘c;tablishment sonetimes appears to be much tmdareatimated be= “
cause of linear extrapolation of past labcratory progvramaa Histcr:’.cally,
similar developmants have gromn exponentwlly and the nearest parallel
is found in the easier problem of bringing radar to an Operational statuse
_ Unf‘ortunately, groups relying on use of higl; speed digital com~
puters in 1%9; 1950 and 1951 have hélizaved that such‘ equipment would be
ready for 'gheix; scheduled requiremehbs » erd that the apparatus ‘would be
“on the shelf refé.dy for incorporation in their programs. Wi‘th'the present, .
scope of efforf on the problsnm lno such heppy situation exists, bscause the

syatems appear to be mom complex them redar, are likely to bs used more
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widely, end thelr Integration with other facilitles are more time con-
suin:!'x)g; ‘Digital computers in 1948, with respsct to their ultinate
capabilities, are in about f.he position of redar in 1937. Figure 1
" compares the evolution of redar with the probable evolution of digital
computers., In relating radar to the present status of digital computers
the revolutionary appearance of the high power cavity magnetron in redar
is similar to the entry of high capacity storage devices into the com=
puter field. Most promising of these at present is the electrostatic
storage ﬁuba, the status of éhich now compares with the mégnetrou Just
prior to World Far II, C R
' Information collecting systems will be set up and used with a

combination of present day meohardcal,eledtrical, and humen computers,
'uxitil a béﬁ;er éubs‘titube is develdpad. There is danger of misinterpre=-
tatioh in discussing the costs of informaticn systems using digital come
puting meéha.nisma. Of these system costs, only‘ a small part are for
digital compﬁte_ra themselves, the remainder going into traii:ing, applige= |
tions studles, field testing end auxiliary equipment., If there ls to .
be vexpansion in iﬁformation collecting systems, the costs of training, |
apﬁlications studies, etc., must be met regardless of the methed used
" in the reductioh and processing of the info;'mation.- ﬁiéital computers
as a working t‘ooi should be evaluatéd on ﬁhat ihey pfomise in compari-
son to alternate ways of getting a comparable result, d .

| Figure 6 1lists as activities (Columa 2) the areas of utility.
of computer systems covéred in this report. Beginning with these ap=

plications as a base, annual manpower estimates for each activlity were

 CONFIDENTIAL
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allocated to the 75 subdivisions of effort into which, for convenience,
-the whole program was divided. For. exanple, the subdivisions for 1ine 5,
Fixed Location Control Systems were: |

Applicetions Studies
Experimental Design
Experimental Construction
Auxiliary Equipmeni Design
* Operation of Prctotype and Stm\v Systems
Installation .
Field Testing
Prototype Design
Prototype Construction
Production Design ,
Production Supervision

In Basic Research (Lline 1, Figure ¢) the subdivisions weres
Mathematics .'
Storsge Tubes

Hagnetic Storage
Delay Storage

Basic Storage Research (new methoﬁa)

Component Research

Component Development

Circult Theory

Oircuit Developmen‘t

‘It is helpful to have a cost estimates even though the uncer-
talnties of time required to develop sasential elements, lack of adequate
studies on methods of application, end relativily little knowledge of the
plans of those reaponaibie for natlonal defense, make such an estimate a
forecaest rather than a:factusl presentation, Our figures of total cost

should be accepted as a warning rather then as & budget.

This cost and uss of personnel need n>t be in addition to other
prograns if the possible highsr efficiencies oblsinable by combining
digitel equipment with rader, gulded missilés s lrterception networks N
and fire control equipment can b demonsirated sl em eerly date. The

personnel and money ctherwise needed in the latter programs can be re-

CONFIDENTIAL
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directed,, For example, the radar burden will be reduced when digital
equipment simplifies the ra&ar-search-targat~aoqulsition»firemconﬁrol
triangle., The substitution of digital equipment in the precision fire
control field should felease space and welght in military equipment, and
- money and‘men in the national economy., Therefore; only part of the men
and materiala cost in this eatzmate are a burden above presently planned
national activityo

CONFIDENTIAL
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A swmstion of the available data leads to the following!

A, To provide at an early date information necessary to properly
Judge the iﬁoortance end feasibility of digital computer gystems to natlonel
defenae, it is npecessary to agrassively support a research end devolopment
program covering the Pirst four yoars of Figure 6 The coat of this work
would be about sixty-five million dollars (%5,000,000) which is moderate
| compared to the magnitude of several 'billion dollars for the entifa pro-
gran. A | o | . ‘

B. To provide digital computers and control systeme for the
Military Esteblishment as outlined may require fifteen years and :two Billion
dollars ($2,000,000,000) to bring the first production equipment into useful
‘military operational control systems, Figure 2 shows yearly”expenditures
and the breakdown into (1) research, development, and training, {2) appli~
cations studies and field tests, and (3) the cost of produstion equipment,

C. A tng program is needed immediately to provide manpower
even for the initlal four-year period. If the ultimate program develops
- along the lines of Figure 6, this training activiﬁy would grow to a. level
of 4500 pérsons per snnum in fifteen Srear& Such & training level would
build up a research and development staff of 750C, provide replacements to
: that”staff, and supply the trained technical operators and supervisors o:f"
military equipment, | |

D. If the present military situation dictates the need for
digltal information processing equipment at an earlier date than shown in
thié estimate, a reasonable ac_oeleration can be obtained by accepting Joos
effic;enf use 'of personnel with resulting .higher coste, An egtimﬂte_ of
this total-cost versus time relationship is given in Appendix E, Further

CONFIDENTIAL
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acceloration;, or reduction of total cost; would fequire narrowing tho
field of digital equipment application,

" E, The production cost of equipping the Milltary Establish=
ment boyond the fifteen-year peried for wariime operatlion mey bs the order
of magnitude of en additional two billion dollers ($2,000,000,000), This
epproximate estimate is based in part on radar in World Var II aﬁd a
table and diacussion are given in Appendix C. It does not allow for

applicetions beyond those in Figure 6, .

CONFIDENTIAL
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APPENDIX A:; THE COST ESTIMATES:

The estimates assunaa."pormai" active‘peacetime militéry pace,
Figuré 6 (See Appendix D) shows this peacetime operating point on en
estimated percent-total-cost versus percent-timé.cufve. In contrast,
radar development is assumed to have occurred at the point of one-third
normal time and about three times normal total cost, meaning radar was
developed at.aiyearly expenditure raxé of nine times norﬁalo In arriving
ot the estimates, the following costs are included: |

1, Salaries of graduate student trainees assigned to ccmputer
» 1n8truction for one year.

2. The routine operating cost of several soientific and
" engineering high-speed computer traffic networks,
This operating cost is about fifvy per cent of the
~15-year total of line 4 in Figure 6.

3. .The cost of experimental and prototype models,
4. TField testing eipenaes of research and development groups.
6. Production designs.. '
- 6+ A small percentage of the total production cost. The
' greater part of this cost will occur after the fifteen=
year per iod covered. : :
- The following costs are not included:

1. The required redesign of associated équipments; fire control,
rader sets, guided missile telemetoering systoms,

2. The cozt of auxiliery equipment not associated directly
with computers and their immediate terminal facilities,
nor in logistics the cost of input equipment for informa-
tion collection, :

3, Airoraft, ships, miasiles, and military establishments used
- 4n f1ield tests, ,

. 4, Communication dhannela or their rontal {or information |
transmiasion,

CONFIDENTIAL
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6.
7.

8.

CONFIDENTIAL

15.

The setup and typing of engineering end scientific pro=
blems, except for training necessary personnsl,

Govermnmental coats of coordination sad administration,

The operation of production equipment after delivery to
the militery, except for the treining of operators;.

The major part of the required production., See Appendix C. |
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APPENDIX Bs METHOD OF ESTABLISHING ESTIMATE:

The cost and time estimate of Figure 6 is based on:
1. The types of computer applications now under discussion.

2. The rate of progress of pres'ent*computer development
including Project Whirlwind ot M.I,T. which is the most
extensive digital computer project at the present time.

3. A detalled allooation of technical staff in each year
to each of .75 -subdivisions of work.

. 4, The research and development cost obtained by malti-
plying the number of staff by $20,000 per year to cover
non-staff costs, material, service, and overhosad.
Staff must include all direct administrative persons or

- & higher rate must be used.

6. Educational costs obtaj.ned by multiplying teaching
staff by $20,000 and each assigned student by $3,000 to
cover staff and student sslaries, equipment and facilities,
This rate for staff to cover equipment, noun-stalf
personnel, and overhead may bs sbout twice the usual
technical college operating cost. However, radar training
was near this rate. The higher rate is used to cover new
and special equipment required, the problem of setting up
new courses of instruction, and the inefficioncy inherent
in a new and rapidly growing educational progrem. In the
nunber of trainees, 20% of current technical staff were
"added for replacement purposes.

"8s In addition to items 4 and 5, the estimated value of the
- required experimental, prototype, and some production
equipment built in the fifteen-year period &s shown in
Figure 6. \' .

7. The assumption that computers will perform their first
useful services for enginsering camputation and thet this
work will be charged with some pioneering for the benefit
of other applications.

8, A coordinated programqerated with full information
interchange.

9, The history of radar, which has here boen used as a

chock to establish the reasonableness of the results
of the estimate,

CONFIDENTIAL
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10, Field teating being a much more oxpensive and
timew-consuming problen than for rader becausoe of the
required elaborate interconnsction with redar, micro-
wave reley links, servemechenisms, and other informoe
tion collecting and using devices,

11, The assumption that for production military systems,
‘ ten men with full technical training muat accompany
sach million dollars worth of equipment..

12, The assumption that the logistics and.simmlation
programs are largely ones of study and applications
regearch, Computer development is covered in other
programs, except for special terminel equipment and
purchased computing devices, FPreduction for actual
logistice work will follow the flfteen years of this
estimate,

These estimates include only sPecifically itemized activitiea
and may be low to the extent of omissions.

CONFIDENTIAL,
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APPENDIX Cs PRODUCTION CO3T AFTER FI'TEEN YEARS:

The spproximate order of magnitude of cost for production
of digital information systems toeaquip the Mllitary Establ;shmant for
wartime operation 1s based on the following table, Much of the table is
derived from direct comparison with radar production. For shipboard
installations, computer systems will be used in much smaller numbsers thean
Arad;r but will probably cost correspondingly moreo' Airborpe figures are

half that of radar in World Wer II. ‘The list does not includs probeble.

military usea beyond those of Figure 6 nor commercial end industrial

applications. : o
: Total Cost
Guided Missile Data Reduction $ 25 million
High Speed Computer Traffic Networks
(Engineering and Scientific) - 30
Cryptographic ' 65
Interception Networks ’
(Without radar or commmications) 150 -
Air Traffic Control ‘ 150
Industrial Proceas Control 60
(For strategic military epplications)
Simulation and Training 125
| Semi-Mobile-Shipboard
(Same as large ship radaer in World
War II) _ 300
Mobile ,
(Same as World War 1I radar) 176
Airvorne

(At 1/2 the World War II radar for .
navigation, guided missiles, fire control
and search) 400

Logistiocs

(Including autanatic inventory controls

estimate is only an order of magnitude

until applications studies have been - °
: comphtedg

CONFIDENTIAL
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APPENDIX Dt DISCUSSION OF DIAGRANMS s

' Figure 1 is included to permit a comparison of the proposed
digitel equipment program and the corresponding his’éory of radar.
Correéponding milestones in radar and digital syﬁtem development are
o,btfa.ined by matching in 1948A'1:he status of cqmputef storage de~v;cés
with the status of redar magnetrons in the late 1930's,

~ Figuro 2'is a smoothed cufve}qbtained from the data in
-'Figure 6. Total costs are divided into that for: (1) résearch.,
development end training, including ekperimental and prototype equip~
monte, (2) Applicati ona studies and field tests, end (5) production.
Early production is in equipment for engineering compu’cat ion eud simu-
lation. Production for mllitary field equipment is eppreciable ouly in
tk\xé last three years. Applications and field tosts reprosent a large
part ’of the tofzal t‘zecause oxtenaive integraivion of computer systens must.
take place with information gathering squipz'nent such es radar and in-
| formetion using equipment such as aircraft, gun, and missile controllers.

| Figure 3 is‘-a smoothed curve derived from Figure 6 showing
the total ective staff at any one time, not including operators of
military equipment. Technical staff has almost reached its maximum
at the end of the iftéen-yéar peried and if traoedﬁi‘urther could be
expected to level out rapidly. |

Figure 418 a smoothed curve showing the starf it would be

necessary to train each year to supply'the program of Figure 6,
- Initially this technical personnel goés entirely into building up the

_8oiéntific steff in research. This numbor will reduce as the ’cotal staff

reaches it‘z.s max imum. @@ﬂﬁéﬂ'@g ﬂ Ame trained are for
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replacements 1# research and development staff., In the last five yoars,
training of technical persons in the use end operation of militar&
equipment must keep pace with the production of such equipment.

The present. existing, 1948 level of training is much beleow
the initiel point of the curve and is a‘warning that an active research
program might not be able to start untll after a delay of one to three
yeara to build up a teaching group. I - .

Figure 6 is sn estimate of the relationship between total
cost of a‘resgarch-developmentaproduction project and the‘ttme necessary
for éompletion. One huﬁdred per cent (100%) cost end one hundred per
cent (100%) time is defined by the "normal active peacetime" level of
working efficiency. The genﬁral shape of such a curve is fairly
obvious. For a given project.'thsre is a mini@um.belaw which the time
cannot be reduced regardlésu of the total expenditure. Likewisa, there
is a.m#mimnm below which the total cost cannot be reduced regardless
of the amount of time taken and the smount of care exercised. The exact
IQalues on the curves can only bévesﬁimatas gince they ere subject to '
neither measurement nof experimental study. It should be notsd thst
rate of expenditure varies es the quotient of total cost divided by time.
Thus, for the point ofvzoq% cost and 50% time the expenditure rate per.
year is four timos.pormala The.estimates of Figure 6 are intended to
represent a working efficiency deascribed by the 100 per cent point in
Figure 5, With sufficient prior plarning, and so long as available
personnel and resources are not exoceeded, Figure 5 can be used to adjust

the estimated program to a lengthened or shortened time schedule.
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Figure 6 hes been discussed. It was derived by allocatihg
staff to 75 subdivisions of activity. The largest subdivisions accounted
for spproximately 400 staff. Costs were calculated from this assigned ‘

staff by the methods discussed in Appendix B,
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APPENDIX B: ACCELERATION OF PROGRAM

Figure 2 shows a fifteen-year interval before substantial
: military production follows proven experimental and prototype models.
- This could be Bhortened somewhat using emergency action by omiss ion of
some steps, but at teduced efficiency as estimated in Figure 5 which is
discussed in Appendix D,
Most significaﬁt is the observation, based on these aésumptions R
that the firs.t several years can be accelerated, because of lower
- exponditure rates , With much less ﬁotal cost than & corresponding.
acceleration of the last se'veral yaarb. Two alternate methods of reduci.ng
the fifteen-year program to eleven years follow:
From Figure 5. acceleration to 60 per cent of normsal time raises
totul - cost to 170% of normal or reaults in a cost inorement
chargeable to- the accelarution of 70 per cent.
From Figure 6 the total cost of the first 10 years of the
15 years is $583 million and the cost of the last 10 years
is .$1931 million. Multiplying by 70 per cent there results:

Extre coat of reducing the first '
10 years to 8 years . § 410,000,000,

thra cost of reducing 'bhe last , o
10 years to 6 years _ $1,360, 000,000,

These figures show nearly a one billion doil.ar (1,000,000,000)
dividend from e vigorous initial research and developnent attack even
- at the expense of much inefficiency and duplication. For a given overail
reduction in total time, inefficiency ﬁt early stages, when total expenses
are low, costs much less than iaterl in ;9. program which has an exponential

growth curve.
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FIGURE 1

COMPARISON BETWEEN RADAR AND- COMPUTER DEVELOPMENT

RADAR DATES

RADAR DEVELOPMENT
{HISTORY)

CORRESPONDING ELECTRONIC COMPUTER STATUS

CORRESPOND ING

. (PREDICTED) COMPUTER
{Selected milestones to show progress) {Selected milestones to show pr09ress) DATES
1946-35 DFMONSTRATION OF RADIO RANGE ECHO PRINCIPAL BUILDING OF BASIC ELECTRON!C CIRCUITS AND COMPONENTS ENlAC COMPUTER 1335-43.
EXPERIMENTAL SYSTEMS
1936 CXAM AND SCR-268 EXPERIMENTAL MODELS 1BM COMPUTER - '}9‘32” B ‘
T e
193338 FRELIMINARY MAGNETRON RESEARCH iﬁg%%ﬁgg %SE;FHC’ENCY STORAGE RESEARCH (DELAY LINES 194348
193840 . FIRST PRODUCTION RADAR MULTIPLE CONSTRUCTION FOR LAND-BASED EXPERIMENTAL USE 1953-55_
(CXAM AND SCR-268)
RATED WART. % NT PACE FOI .
éﬁgﬁg ATED WARTIME DEVELOPME CE FOLLOWS. FOR CONTINUED PEACETIME PACE. FOR COMPUTERS
1941 EXPERIMENTAL MOBILE SCR-584 (FIRE- CONTROL)
EXPERIMENTS. IN HIGH POWER FOR SM {SHIP BORNE FIGHTER: EXPERIMENTAL SEMI-MOBILE COMPUTER FOR CONTROL 1355,
DIRECTOR)
1942 F1ELD TESTS. OF SCR-584" — PRODUCT-ION CONTRACT: FIELD TESTS. IN MISSILE GUIDANCE
EXPERIMENTAL LAND-BASED SM EXPERIMENTAL SHIPBOARD FIRE: CONTROL 1956.
’ ~-534 AND SM
1943 TR T [OH SR oo Ao . PROTOTYPE: MISSILE AND FIRE CONTROL COMPUTER 1953
1944 FIRST. COMBAT USE OF SCR-584 PRODUCT ION SYSTEM FOR MISSILE LAUNCHING AND SINGLE-SHIP 1961
PRODUCT ION OF REVISED SM (SP) F1RE CONTROL .
1945 FIRST. EXTENDED SYSTEMS. DEMONSTRATION (PROJECT. CADILLALC) - F1ELD: TESTING OF INTERCEPT!ON NETWORK,  ANT{-SUBMARINE 1963.

TASK GROUP CONTROL,: AIR TRAFFIC CONTROL

FIGURE 1.
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[} - . . .
! . ACTIVITIES 1949 1950 1951 1952 1953 1954 1955 1956 1957 - |
RI.9 R3.7 R4 .8 R8.3 RILY RIS.4 RI7.0} RI7.6 RI7.6
COMPONENT AND CIRCUIT DEVELOPMENT ;
BASIC STORAGE SYSTEMS lc:\:gg"r?si?no N : . A :
RESE ARCH MATHEMATICS AND APPLICATIONS ’ :
RESEARCH COMMON TO MANY USES
q 4
L ,
RO.3 RO.8 : Rid R 22 R2.8 R4S rR4.9 | R6.3 R7.5
, ‘ RESEARCH PERSONNEL INFORMAL 50 STUDENTS ;
! APPLICATIONS PLANNING INSTRUGTION WITH MORE NEEDED ~ . :
; g T i
| ‘TRAlNlNG OPERATING STAFF COURSES IN 1 OR 2 |IF FAGILITIES 250 STUDENTS 500 STUDENTS | 650 STUDENTS | 850 STUDENTS | 1050 STUDENTS | 309 STUDERTS 1600 STUDENTS 1 1950
| ° | COLLEGES . WERE AVAILABLE
: R 0.4 RO.8 RIS R2.0 R2.2 R2.4 R2.4[ R2 4 R2.4
i FHYSIGAL MEASUREMENTS TO
' DATA CIGITAL QUANTITIES CONTINUED
DIGITAL TO PHYSICAL INVESTIGATION ‘
CONVERSION |c,0aR DATA TO DIGITAL FORM
‘ COMPUTER — TO=-SERVO LINKS
; * GUICED MISSILE DATA REDUGTION R2.3 R5.0 R6.0 . R7T.0 R8.2 R8 8 R9.5 . . RIl.9 R13.0
ENGINEERING |SURFACE SHIP AND AIRCRAFT STABILITY FIRST EI.O0 E2.0 P30 P3.G} FS0 P5.0
SGIENTIFIC GOMPUTATION DESIGNS LABORATORY OPERATING CONSTRUCTION INSTALL - CCMPUT
AN . EXPERIMENTAL  NSTA AN
D OPERATION EVALUATION ANALYSIS NOW IN vle TESTING AND  |XPERMENTAL = |rRarfic NETWORKS [OF ADDITIONAL  [ACOITIONAL oerate D laeTeut ANO NOW 1
SCIENTIFIC |DESIGN COMPUTATION PROGRESS . MACHINES STUDY AFFIC NETWORKS| peEgiGNS COMPUTING FAGILITIES . SOIENT
~ [MATHEMATICS AND NUGLEAR RESEARGH FACILITIES : ENGINE
COMPUTERS |(ripTCGRAPRIGC APPLICATIONS ‘
: : RO.2 T RO4 R2.7 R3.2 R44 R4 .9[ As 9| R6.8{ R7.8
FIXED BEGIN FINISH E2.0 E3.0 £30 £5.0 £6.0
INTERCEPTION NETWORKS APPLICATIONS EXPERIMENTAL GONSTRUGTION INSTAL L ATION FIELD TESTS JONTINVED FIELD | PROTOT®
LOCATION  1uR TRAFFIC CONTROL . STUDIES CONSTRUGTION OF FIRST AND PRELIMINARY [ ELD TESIS | 7ESTS 20 FURTHER co;é?’;;‘:‘x . FIELD
CONTROL  |MANUFACTURING PROGESS PRELIMINARY DESIGN AUXILIARY |EXPERIMENTAL OPERATION IARLEMENTAL > ° CONTINL
CONTROL T DESIGNS INSTALLATIONS e PRCOUCTION .
S W : EQUIPMENT INSTALLATION FURTHER DESIGN HSTAL LATION oS PRODUC
SYSTEMS ;2 ROTOTYPE Cesicn |PESION DESIGN
; Z u . O ‘
L < ¢ O W
F w o @ RO RO.2 RO.5 RO. RI3 R3 € 248 RS
DESIGN STUDY SIMULATORS Cou w consTRuGT  EI5 . £3.0 P3.C 3. P40
SYNTHETIC TRAINING . EQUIPMENT CON U o
SIMULATION W’AR coulees ACTIGAL = a g 2 APPLIGATIONS ggz;::‘uczn_?;;;sm:;SMLAR To AND INSTALL Lo TESTS ;:T-.umoulor CONTRACTS FOR ZS:ITS §
SYSTEMS SIMULATOR g8 K o STUDIES h ENGINEERING DEMONSTRATION [EST INSTALLATION |SIMULATOR TRAININ
SRTUP TRAINING -AIR AND 2 = a » ~ [EXPERIMENTAL USE | coMpUTER DESIGNS |SYSTEMS - CONSTRUCTION ENGINEE
ANTI-SUBMARINE TEAMS g w2 ' : ; ' SIMULA'
‘ - - i x £
f ! g z w RO.2 Ri4 RIS 1 X 3 I pui = 53 T "8 R6.0
| SHIPBCARD COMBAT INFORMATION CENTER S . 8z S ~. E1.0|rmen £3.0 €3¢ £3.0 €30
'SEMI- MOBILE |Fire CcONTROL w APPLICATIONS ) BEGIN :
RADER DATA GORRELATION c © 2 STUDIES DESIGN CONSTRUGTION CONSTRUCTION C :
CONTROL ANTi— SUB! , rz 3 3 EXPERIMENTAL STRUGTS OF EXPERIMENTAL |INSTALLATION FIELD TESTS FIELD TESTS PROTOT
NTI—SUBMARINE TRIANGULATION < 5 PRELIMINARY OF EXPERIMENTAL ON SHIP PROT!
‘ - g 3 SYSTEM UNIT FOR N SHIPBOARD ROTOTYPE CONSTR
COMPUTERS |ZNC AUTCMATIC TASK GROUP ) S - DESIGN UNIT DESIGN
: ATTLCK CONTRCL S o 9 SHIPBOARD
z w
3 g = = ‘

MOBILE w - < R O.2 RO.4| . RO.9 ) RIT :?05 R33 ggg n :;(7)

"~ " . S g z BASIC STUDIES , CONTINUE - E2.0 “eontinu
CONTROL HSSILE  LAUNCHING vz INVESTIGATE CONTINUED EXPERIMENTAL  [CONSTRUCT L EXPERIN
/ CONTRCL FCR ANTI-MISSILE DEFENSE | z r = EXPERIMENTAL ue N FIELD TESTS
/ TRUCK. LI\RBORNE COMBEAT INFORMATION S v + g SPECIAL PRELIMINARY STUDIES WORK EXPERIMENTAL [FIELD TESTS PROTOTYPE WORK

{AND LARGE' lcenter -z ok COMPONENTS INVESTIGATION Ui . |oEsien wmooEL  [sysTEM ; DESIGN COMPLE
" ' c I F oo AND METHODS SYSTEM 3 bElon
"AFRCRAFT / D i . DESIGN
: 4 W o > ‘
. > v o 2 . {
w © @ '
-8 < RO.I RO .5 RI O R2.0 TY | RS5.2
€ z £ 3 APPLICATIONS i £z.0
- = =2 STUDIES BESIN " |exPERIMENTAL CONSTRUCT
N WSS E EONT - .
AIRBORNE F:Ems»w ».‘.ss -F ?,m RO w I - E STUDY CF EXPERIMENTAL EXPE RIMENTAL RESEARCH EXPERMENTAL ! FIELD TEST PROTOTY
COMPUTERS [ARBCRNE FiRE CONTROL : - z & SIMPLIFIED RESEARCH DESIGNS AND CESIGN EQUIPMENT fS3PE RIVENTAL : DESIGNS
- 3 ¥ - COMPUTERS [ZCUIPMENT
w Z O s
o ] }
RO AT R RO.2 RO.3 RC 6 RI 7 R3.6 Ré1 RE.C RIO.4
A DESIGN CONTINGED ! £2.0 £3.0
SPECIAL INPUT-OUTPUT EQUIPMENT g 4 5 TRIALS WITH EXTEND STUDIES EXPERIMENTAL i .
INTERCONNECTION WITH ' x = w APPLICATION . PEGIN WORK EXPERIMENTAL 1, ek L BLiLD MODEL ; CONSTRY
LOGISTICS lcommuNiCATIONS EQUIPMENT Wz o 3 STUDIES EXISTING CN TERMINAL EQUIPMENT CONSTRUCT SOME . inSTALLATION TRIAL TEST PROTOTY
IHiGH CAPRGITY DATE STORAGE zZ o6 % « COMPUTERS EQUIPMENT FOR LARGE=SCALE |oeciaL A : EQuiPME
- |usE EQUIPMENT
TOTAL YEARLY COST T TS5 2 TiLS Ti9.5 T28 5 T44.2 T63.6 T75.0 Y932 T105.7
el G A it S il
TOTAL YEARLY RESEARGH R RS.2 RILS R19.5 R27.5 CR3T.T R50.6f ™ — Bt BT A2} R 79.7] —
- * 1
osT , !
cosTS TOTAL YEARLY EXPERIMENTAL € o o 0 €10 €65 /00 €80 E14.0 £17.0
IN CONSTRUCTION -
MILIONS ) - ) — - 7T )
(LUO S) [voteL veariy proDUCTION @ ¢ ol 0 ° 0 P30 Feo | P8o Ps.0
NUMBER OF STAFF REQUIRED 300 600 950 1350 1800 2400 2900 3500 4100
i
NOTES: 1. ALL COST FIGURES ARE IN MILLIONS OF DOLLARS ‘ * 50% OF THE COST IN T¢
2. STAFF WAS ASSIGNED TO SPECIFIC ACTIVITIES IN EACH YEAR, : ! COMPUTER ROW IS FOR
COSTS HAVE BEEN DERIVED AS DISCUSSED IN THE TEXT. \ . ROWS INCLUDE ONLY E
‘ : i OPERATION,
T ToTAL ‘ : b
COST SYMBOLS R RESEARCH AND DEVELOPMENT, INCLUDING OPERATION AND FIELO TESTING, PRODUCTION DESIGN, AND SALARIES OF ASSIGNED TRAINEES
E EXPERIMENTAL CONSTRUCTION COSTS - COI\FIDENTIAL
P PRODUCTION GCOSTS (NOT INCLUDING DESIGN) - . ;



aMACS

. STATUS 3
1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 AT END OF 15 YEAR PERIOD
. : 1
ALy RS54 m7 ol RI7.6 RI7.6 R17.6 RI8.6 R18.6 R19.8 R21.7 R23.0 TOTAL COST T217.3
RESEARCH ON IMPROVED
I 3
f:C'ESN:Z?mON METHODS AND COMPONENTS
SHOULD CONTINUE
8
P RaA Ra.9 RE6.9 R7.5 R8.5 RIO.8 Ril4 RI4.3 RIS5.1 R20.0 TOTAL COST TN
' _ . |THE GREATEST PART OF THE
: ‘ TUDENTS [3250 STUDENTS | 3900 STUDENTS | 4400 STUDENTS |TRAINING IS NOW IN
1s | 1300 STUDENTS | 1600 STUDENTS | 1950 STUDENTS | 2300 STUDENTS | 2750 §
ENTS | 850 STUDENTS | 1050 STUDENTS ‘ A OPERATING PERSONNEL
RZ.2 R2.4 R2.4 i Rz 4 R2.4 R2.4 R2.4 R2.4 R2.4 . R2.4 R2.4 TOTAL COST T3t2
CONTINUED
. INVESTIGATION  |RESEARCH SHOULD CONTINUE
Re.2 Re.o RS 5] RI.9 RI3.0 RI5.6 RI7.4 RIB.2 R20.0 R21.0 R22.0 TOTAL COST T2279 % Ri859
£2.0 P30 P3G P5.0 P5.0 P5.0 P30 P3.0 Pa.o P4.0 P4.0 E 33»9-(0>
CCMPUTERS COMPUTERS COMPUTERS GOMPUTERS COMPUTERS GOMPUTERS :
. CONSTRUGTION wsTALL | NSTALL AND INSTALL AND NOW MEETING {NCREASING IN USE| INGREASING IN USE| INCREASING N USE | INCREASING IN USE| INCREASING IN USE |ALL LARGE SCALE ENGINEERING
"WORKS |OF ADDITIONAL ADDITIONAL |oPERATE GPERATE SCIENTIFIC AND AND SCIENTIFIC CALGCULATION
GOMPUTING FACILITIES ) ENGINEERING LOAD NOW DONE BY COMPUTERS
FAGILITIES
R4 R4 .9 et RE.B| R7.8 RI10.2 RI2 2 RIS.6 R210 R21.4 R214 TOTAL COST T402.1 RI38.1
E 20 E3 .0 £3.0 €50 E6.0 £10.0 EI0.0 £10.0 E100 E100 EI0.0 E 790
N |INSTALLATION T iowTmued FIEL oo o PROTOT YPE PS5.0 P10.0 £20.0 P50.0 P100.0 P185.0
) AND PRELIMINARY |F!ELD TESTS rEs7s 20 FuRTHER|EROTOTIRE FIELD TEST PRODUCTION PRODUCTION COMPUTERS
. OPERATION OF EXPERIMENTAL |-, pzciyznraL CONSTRUCTIO CONTINUED START PRODUCTION |INSTALLATIONS | pronucTion PRODUGTION PRODUGTION AVAILABLE AND OPERATING IN
AL FURTHER DEsign | NSTALLATIONS NSTALLATIGH PRODUCTION PRODUCTION SYSTEMS TRIAL AIR TRAFFIC CONTROL SYSTEMS. BULK OF
N PROTOTYPE CESIGN |PESION DESIGN CONTROL SYSTEM PRODUCTION STILL TO COME
s "3 Ty R4.5 RS R6.3 R8.3 _R8.3| RI14 Ri24 RI2 4 TOTAL COST Ti44.0 R76.5
Eis £30 pacl £3.0 P40 P60 P6.0 P60 P 100 PI0.0 PI50 E 45
‘ . P63.0
CONSTRUCT
AND INSTALL IVALULTION OF  [CONTRACTS FOR :B:E? Eg&NG BUILD INSTALL | BUILD INSTALL |BUILD INSTALL  [BUILD INSTALL  [BUILD INSTALL HIGHLY FLEXIBLE TRAINING
’s DEMONSTRATION  |F/ELD TESTS EST INSTALLATION [SIMULATOR TRAINING AND AND OPERATE AND OPERATE AND OPERATE AND OPERATE |AND OPERATE AND ENGINEERING SIMULATORS
EsioNs |SYSTEMS i, CONSTRPCTION ENGINEE RING IN OPERATION
: § SIMULATION
—a5 Y g TRé8 R6.0 3 ne.2 L IX) RiC6 RioQ| R10.0 TOTAL COST 12993 7793
€10 £30 £3¢ £3.0 €30 £6.0 £6.0 £6.0 E60 E 50 £5.0 : £470
V| FINISH : P8O PISO P50.0 PI00.0 PIT30
CONSTRUCTION : PROTOTYPE . OPERATING SHIPBOARD EQUIFMENT
N INSTALLATION , FIELD TESTS PROTOTYPE
MraL |OF EXPERIMENTAL [RETELLETON FIELD TESTS | ool oo CONSTRUCTION FIELD TESTS START PRODUCTION |FIELD TEST PRODUGTION PRODUCTION AVAILABLE. INSTALLATION COMPLETE
UNIT FOR DESIGN PRODUCTION PRODUCTION UNIT ON SOME MAJOR FLEET UNITS.
SHIPBOARD DESIGN BULK OF PRODUGCTION STILL TO COME.
T Re.B A3 R3.9 R4 7 R6.5 R7.8 R9.6 RIS RIO.6 RIO.6 TOTAL COST Ti88.5 R74.5
. €10 €20 R3O R30 R5.0 R6.0 £6.0 £ 50 (ES50 E5.0 €420
CONTINUE : = CeaN:z-:l:?:ennL ROTOTYPE P2.0 P50 PI5.0) P50.0 P72.0
AL EXPERIMENTAL CONSTRUCT H irglo TESTS ;;;EOLTDQT‘YTEESTS WORK bONSTRUCTION PROTOTYPE FIELD PRODU?rTRlON MOBILNE AVAILA
WORK EXPERIMENTAL P FIEL I COMPLETE PRODUCTION TESTS. COMPLETE {START PRODUCTION| PRODUGTION PRODUGTION gou:u FE p:: Bscc;m G TIVA 1} BLE.
DESIGN MODEL SYSTEM ! ! PROTOTYPE DESIGN PRODUGCTION ) ULK O ODUCTION STILL TO COME.
SYSTEM i DESIGN DESIGN ’
4 n4.£, R4.4 RS.2 R6.8 RB.8 RI0.2 Ri2.0 R12.6 R13.0 TOTAL COST Tiav.2 R84.2
R2.0 R34| _ ELO £2.0 E5.0 €6.0 £6.0 £6.0 £6.0 £6.0 £38.0
: ieRg MRy PROTOTYPE 1.0 P3.0 P6.0 P15.0 P25.0
EXPERIMENTAL CONSTRUCT (FIELD TESTS .
AL RE SEARCH EXPERMENTAL 1370£5i54 FIELD TEST g:osré’gg PE zgﬁlmﬁlon :l.%g cﬁgl;s START PRODUCTION |PRODUGTION PRODUGTION
AND DESIGN EUIPMENT fexPERVENTAL : u PRODUCTION AIRBORNE
(EQUIPMENT DESIGN COMPUTERS AVAILABLE. BULK OF
; : PRODUGTION STILL TO COME.
RI T R3.6| Re1 | RE.C RIO.4 RI4.4 RIT.9 RI9.9 R24.4 R24.4 R25.4 TOTAL COST T2714 RIST.4
DESIGN CONTINUVED i €2.0 £3.0 £6.0 €7.0 £6.0 E 6.0 “E 7.0 £ 7.0 E44.0
UDIES EXPERIMENTAL | P5.0 P10.0 P20.0 P350 P 70.0
EXPERIMENTAL . - CONSTRUCT
< WORK . BUILD MODEL - BEGIN WORKING  |BEGIN EQUIPMENT
AL EQUIPMENT CONSTRUCT SOME N STALLATION TRIAL TEST PROTOTYPE INSTALLATIONS PRODUGT ION PRODUCTI1ON PRODUCTION PRODUCTION COMPUTERS IN EVERY ~DAY
FOR LARGE—SCALE : . EQUIPMENT : USE SOLVING LOGISTICS PROBLEMS.
USE SPECIAL : BULK OF PRODUCTION TO COME
EQUIPMENT )
Te4 'ﬂ T63.6 T751 T93 2 T105.7 Ti38.8 Tigl.4 Ti93.3 T248.4 T339.6 T512.2 GRAND TOTALS T2040.2
R37.7 R50.67 — rRel1.F2 7 R7:1.2 R 79.7 R 95.8 R112.4 R124.3 R147.4 RI51.6 R160.2 Russ.;j
!
€65 g0l €80 £14.0 €17.0 £32.0 £35.0 £34.0 £34.0 €330 E33.0 £2578
o £30 P60 P8o P9.0 PI1.O P14.0 P35.0 _P6T.0 Pi55.0 P319.0 P627.0
1800 2400 | 2900 3500 4100 4700 5400 6100 6700 7200 7550
i
% S0% OF THE COST IN THE ENGINEERING AND SCIENTIFIC
COMPUTER ROW IS FOR ROUTINE OPERATION. OTHER FIGURE 6
ROWS INCLUDE ONLY EXPERIMENTAL AND FIELD TEST ~
. OPERATION. . ‘
i ‘FORECAST OF DIGITAL INFORMATION HANDLING PROGRAM
I (2
DESIGN, AND SALARIES OF ASSIGNED TRAINEES
i PROJECT WHIRLWIND SEPTEMBER 14,1948
COtysF IDENTIAL - SERVOMECHANISMS ~ LABORATORY D-32904
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