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Dr. Karl T. Compton 
Room J-20g 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 

Dear Dr. Compton: 

, ASSISTANT 

M. S. STEV EN S 
ASSUITANT 

The attached report 1s submitted 1n answer to your 
request of September g for information on the po's1tion of 
digital computers in the national research and development 
program. The staff of Project Whirlwind has been concerned 
for many months abou·t the issues raised in your Ie tter. 
As they became more.1mmersed in the digital computel', which 
is 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 applying 
them ~o the general military situation. 

For this reaeon they have been accumulating for 
some months a background of information through visits and 
exchange of informati9n 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 their possession. After much consideration 
1t 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 
reason, Mr. Forrester and his staff assembled the attached' 
report from material at hand. I requested, if possible, a 
presentation on one chart covering the elements of staff, 
dollars, and time as well as the specific areae in which 
they believe the digital eqUipment useful and worth consi­
dering taking into account ita performance and economies 
1n use of manpower. 

Very. truly yours, 

N. McL. Sage 



OFFICE OF THE PRESIDENT 

Mr. N •. MeL.· Sage, Director 
D.I.C. 

Dear Mr. Sage: 

S~ptember· 8, 1948 

" From time to time I hear about military and other 
governmental agencies which are laying more or less 
d.efinite plans to utilize hIgh speed digital computers. 
These interests include control of guided missiles, 
integrated radar networks, fire control, cryptography; 
a:1r traffic control, and others" 

Both because of M.I.T.ls 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 picture as can now 
be presented regarding the potentl~lities for useful 
applicatioris inherent in such a device, and al'80 the 
time, money and staff which will be required to carry 
digital- computing equipment to the point of use by the 

.Armed Services. 

_ It 1s 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 agencies\which are contemplating use 
of the digital computer to have clearly in mind the best 
eotimates which can now be made with reference to the 
cost, the time schedule and the technical possibilities 
involved . 

. Will you please, therefore ,wi th the best .technical 
advice available, prepare a brief report in answer to 
these questions? I believe that this report should also 
be -made available to and discussed with th"e 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 

K~C/L 
}<'OJJ. T._~ 
- President 
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l~ plans rirS now being considered for the m11itar.y use of 

information systems built around eleotronio digital computerso Suoh 

81stemsappsar unique in their abilitY' to proce~8 and evaluate inforna~ 

tiOD sufficiently rapidly for modern high-speed mill tary operations 0 The 

advantages gained when digital information systems make possible tho bet­

ter integration and more effective use ot other m1lit~,eqtupment should 

more than just~ the diversion of men and resources to digital information 

~ystem development. 

An approximate estimate has been made of the time and cost to 

bring Buch information systems to useful military realization. Tbis 

forecast shows a period of fifteen years and e research and development 
" " 

,cost,. including field testing and trial operation, of two "billion dollars 

($2,000,000,000) to bring these systems to an operational status o An 

equal or greater production program would f~llow tor equipping the Mili­

tary Services with production equipment. Compensating adjustments in " 

completion time and total cost can be made to meat mill tary neesssi tyo 

Such a program would requiro an" act! va training plan to Pl'O­

vide necessary personnel. 

An initial investigation reqUJring four ~ars and sixty-five 

million dollars (365,000,000) would provide the neoessary information on 

whioh the importance and feasibUity ot the complete program could be 

judged. 



FORECAST FOR MILITARY SYSTE'NS USING ELECTRONIC DIGITAL COMPUTERS -

As used in thi~ report, the term "Electronic Digital Computers" 

describes a oombination of information storage end switching systams 

" capable ot performing sttlleotion and ohoice operations in· addition. to . 

, the basic operationS ot arithmetio. In general, the equipment is that 

oapable ot opera.ting in the range of 1_000 to 50,000 suoh arithmetic 

and switching opera.tions per second. 

Despite ita popular repl1tation, the digital computer doss 

not have human thinking intelligenoe, but it doss have superhuman 

co~put1ng speed~ and, when properly directed (viz •• ted input information 

oorrectly and p~ogrmnmad correctly to describe the desired operationa), 

the output gives ordera or information whidn can be either automatically 

transrormed into action or interpreted by humans for further processing. 

There need be no human link in this canputing chain. Comparatively 

speaking, the time element tor ~quipment to respond is seconds or minutes 

compared with days, weeks, or sometimes months using presently availa.ble 

methods. 
' ... -

This speed makes it highly suited to the problems ot combat 

operations. In the future these, to be SUOOGssful, seem gea~sd to a 

vast increase in information that must be analyzed and reduoed to a 

usable form before the time tor use has expired. 

Present art makes it reas onable that men oan be trained in 

the use or digital. oomputer systems J that the systems can be produced, 

field tested and integrated into the military servicss .wi th a saving 
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ot manpower; and that the inoreased acourac,y or output information 

oan onormously extend the types or problema capable of solution, in 

t~e to use the results. 

~'more effeotive use of available information and intelli­

gence, the digital 'equipm~nt will melee its contr:tbution not only at 

the battlefront, but also in the supporting activities oflogistios, 

design. information oenters, ete~ 

Digital equipment can contribute in many diverse aotivities 

requiring differing types and mobilities ot design. To provide equip-

ment for. the full breadth or possible applications is an undertaking 

which appears greater than the magnitude or radar. 

The use of digital information systeIlU1 may eventually result 

in improved types and. a implifications or other military 9Quipmsnt. and 

these eoonomies may much more than pay the cost ot a. long-range digi-tal. 
, 

equipment development program. The men and res ouroes tor such work 

would, there£ore~ be oompensated by those eventually released from 

other pursuits as th~ were proved 1eS8 promisingo 

In making the esttmate here reported, it has been assumed 
II 

that· digital equ1pments for the applications n~t being oonsidered , . . 

(see Column 2, Figure 6) are to be made availa.ble as soon as possible, 

compatible with effective use of technioal personnel. 

The report oovers not only digital oomputers, Which are a. 

small part of the total, but, in addition, the complete systems or 

whIch the digita.l computer is only a nucleus. The program includes 

auxiliary equipment, applioatIon8 studies, field tests, and training 

~~ start required to do researoh and to produoe and oPQrata the 

equipment. 
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ti3ry a.ffOl"t can hardly be overcotimateo.o As cOl"rtrol dr3V.1.ce.B, d:i.Eital 
• 

infOTIl1.ation processing aquipluen=t can provide ftorvicGs prom..1.aad b:,r .no 

other equipment" Even in pl~eSOl1t initial designs .DOW boing COIl"3·tructod~ 

effioiencies (in terms of computation par dollar' 3 worth of 19quipmelit.) . 

will be ten to several hundred timos present analog eq-aipment. Space 

and .Vleight reductions ill proportion to these erricierAcy increases can 

be reo.llzado For many operational problems in tha orre:a.si ve use Cor 

aDd defense against guided missiles, a1rcrai"t., anrl subzarinse$l the 

.. digital equipment at this time seems to be alone in prDmising the re­

quired capac! toy, . speed and eoonomy 0 

An example of a requil-ement in' the solution of tactioo.l 

problems is fO'Urld in tha 1nteroeptlon or .8UpcJ:'son.ic missiles 0 Rare 

thore is need for combined oompu~er and control system whioh cant 

1) . Automatically rece:l.va radar and ot,h;~r information 
from multiple looa:cionsJJ 

2} . Correlate this witll pa.at lnf'ormatio;lp 

3) Distinguish botween types of missil~s and dis .... 
tinguish missilos from aJ.rcre.£t bast3d on ident.i­
.fying in! ormation and trnj ectories i> 

4) Prediot trajeotcr:tes to the impsot point (if 
tlig~t is uncontrol1a~), 

5) ,Assess possible dnmago and impcrtance or defense 
~t1on to permd tc,onoantration of: dsfensa agains'~ 
the most dange~ous miosilas~ 

6) . Take rapid·automat.ic defonsive action in selecting 
launohing locatio):. and firing d·sl'ensiv-u m:tsalleB» 
where time is too short for hu.man intervelltioo9 

7) Carry on these o~,rat1ons . with e. minimum of equip­
mont~ 



,8) 
. , 

Possess the requh~Gd tl.exibili ty to avoid 'the need -tar 
rodasignin.g to meet che~g1ng taotical aitUl\tions and 
the appea~anca ot new weapons of either offense or 
defens3 0 

, No equipment at preaent in usa can aooOMplish these require­

ments in the interoeption time likely to be available 0 Dig! tal com­

puting systems appear capable of accomplishing tho task. 

Applications are foreseen in most branches of the national 

and mill tary eOoDOlQ'-air traffio contr~l, integrated fire control and . . 
. combat information centers, interception net\vorks$I scient1tic and en­

gineering research, guided missile offense and de.t~0nae, snd data pro­

oessing ~ log1~tic80 

~.ARCH Am> DEY!LOPMENA: 

8. ' . 

1 foro cast of the problem ahead shon that equipment tor en­

gineering and scientific use, tixed location interception and air traffic 

~etworks, simulation and'synthetic ·t;ra1ningp semi-mobile, mobile, and air" 

bonae equ:1pments p and applications to l.ogistical aaloulations, are all 

part· ot the problem. The cost or malting this equipment available to the 
, ' f 

Hill tary rstabllahment s,ometimes appt.1ars to ~ much underestimated '00- . 

oauseof linear extrapolat1cm. of paS"li laboratory programs 0 Historically ~ 

similar developments have grown expo1.lentie.lly; and the' nearest parallel 

is found in the easier problem of br~-nging radar to an operational statuso 

Unfortunately, groups relying on use of high speed digital com­

puters in 1949, 1950 and'1951 have believed that such equipment would be 

ready for their scheduled requiremen'(js, and that the apparatus would be 

, on the shelf ready tor· incorporation in their programs. With the present. 

scope of effort on the problem no. eucJh happy situation exists, bace.:use the 

systems appear to be mo~e complex than radar, are likely to be used ~ore 



, 
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w1dG~, and their integration with other facilities are more time con­

sunWlgo Digital computers in 1948, with respsct to their ultimate 

capabilities, are in about the position of radar in 1937. Figure 1 

compares the evolution of radar with the probable Gvolut1o~ of digital 

computers. In relating ra~. to the present status of digital computers. 

the revolutionary appearanoe of the high pol¥~r cavity magnetron in radar 

:1.8 similar to the ent17 of high capac! ty storage devices into the com­

'puter field. lost promising ot these' at present is the eleotrostatio 

storage tube, the etatus of which now compares with the magnetro'l just 

prior to World War II • 

. Information collecting systems will be set up and 'USed with a 

combination ot present d~ meohanical,eleotrical, and human computers, 

until a better substi tuto is. developed. There is danger or misinterpre­

tation in discussing the costs or information systems using digital com­

puting mechanisms. or these system costs, only a small part are tor 
. . 

digital computers themselves, the remainder going into training, appli9a~ 
. . , 

tiona stuiies, field testing end auxiliary equipment. If there is to . 

be expansion in information colleoting systems, the costs of training, 

applications studies,' etc!!" must be met regardless of the method used 

in the reduction and processing ot the information.· Digital computers 

as a working tool should be evaluated on what they promise in compari­

son to alternate ways of getting a comparable resulto 

Figure 6 lists as activities (Column 2) the areas of utility 

or computer systems covered in this report. Beg:1nning with these ap­

plioations as a base, annual manpower estimates for eaoh aotivity were 
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allocated to the 15 subdivisions of effort into which, for convenience, 

. the whole. program was divided o For. exSmple, the subdivisions tor line 5, 

FixadLooation Control Systems were: 

Applications Studies 
Experimental Design 
Experimental Construction 
Auxiliary Equipment Design 

, Operation of- Prototype and St~ Systems 
Installation 
F1eid Testing 
Prototype Design 
Prototype Construction' 
Production Design 
~oduotion Supervision 

In Basic Research (line 1, .Figure (.,) the sl~visions were: 

Ilathemat1cs 
Storage Tubas 
Magnetio Storage 
Delay storags' 
Basic Storage Rosearch (~ew methods) 
Component Research 
Compon$nt Development 
Circuit Theory 
Oircuit Development 

. It is helpful to have 8' cost estimate even th~'Ugh the uncer­

tainties ot time required to develop 'essential elements, lack of adequate 

studies on methods of application, B.nd relativoly little knowledge ot the 

plans ot those responsible for national defense, make such an estimate a 

forecast rather than a' taotual prsuentat1on. Our figures of total cost 

should be accepted as . a warning ruther thEm as I.i budget 0 

!h1s cost and use of personnel need D)t be in add! tion to other 

programs if the possible higher el~£icienoies obii5'J.nable by combining 

digital equ1p~ent with rader, guided missiles, iI'.tercept1on networks, 

and tire control equipment can be demonstrated at en early date 0 The 

personnel and money otherwise ne0ded in the lattor programs can be ra-
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direoted •. For example, the radar burden will be reduced wben digital 

equipment simplifies the radar-searcba target-aoquis1tion-fi1AGw control 

triangle. The substitution of digital oquipmant in the precision fire 

control field should release spaoe and weight in military equipment, and 

. money and men in the nation.al eoonomy. Therefore, only part of the men 

and materials cost in this estimate are ·a burden above presently planned 
.' . . 

national activity. 



, , .Q.9NGLU~~QN.~J 

A aumma·t;1on of the available 'data leads to the following& 

Ae ~o prov:J.do at an early date information necessary to properly 

judge the importance and ieasib1l:tty of digital computer aystalll9 ~o national 

defense, it is necessary to agressively support a research and dev~)lopment 

program covering the rirst four years of Figure 6. The coat of tb:ts l10rk 

would be about sixty-rive million dollars ($65,000,000) 'Whioh is moderate 

oompared to the, magnitude of several billion dollars for. the entira pro-

Bo To provid$ digital computers and control systems for the 

Military· Establishment as outlined 'J.fJq require fUteen yeare and two billion 

dollars ('2~OOO,OOO,OOO)·to bring the first produotion equipment into usetul 

mil1tar" operational oontrol 81St~mso Figure 2 shows yearly-expenditures 

and the breakdown into (1) research, development, ~d tre.ining, (2) appli­

cations studies and field tests, and (3) the cost of produotion equipmento 

C. A training progr~ is needed immediately to provido manpower 

even for the initial fOUr-yoar periodo It the' ultimate program develops 

, along the lines of Figure 6, this training activity would grow to a level 

of 4500 persons per annum in fifteen years. Such a training level wOuld 

build ~ a research and development start ,of 7500, provide replacements to 
t 

that starr, and supply the trained technical o~rators and supervisors of 
mill tary equipment. 

- ' 
Do If the present military situation diotates the need for 

digital information processing equipment at an earlier datG than shown in 

this estimate, a reasonable acceloration can be obtained by accepting less 

effioient use'of personnel with resulting higher oosts o An eat1mntc of . '. 

this total-cost versus time relationship is given in Appendix Eo Further 
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acoeloration, or reduction of total cost, would require narrowing tho 

field or digital equipment appllc·a.tioD • 

. E. The production oost of equipping the Mil:1.tary Establish ... 

ment boy-end the fiftesn';'year p~riod for \vartime ~peratlon may bs the order 

or magnitude ot an additional two billion dollars {$2,OOOS)OOO,OOO).o This 

approximate. est1mate 1a based in par1; on radar in World War II and a 

tabla and discussion are given in Append~c: Co It does not allow for 

applications beyond those in Figure 6 •. 
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APPENDIX AI THl!: COST ESTI!.tATES: 

14. 

The estimates assUl1B a. ftnorma,l" active peaoetime military pace. 

Figure 6 (See Appendix D) shows this peaoetime operating point on an 
. 

estimated paroent-total-cost versuspercent-ttma.ourve. In contrast, 

radar development is assumed to ha.ve ocourred at the point of one-third 

normal time am about three times normal total cost, meaning radar was 

developed at a yearly expenditure rate ot nine ·'cimes normal. In arriving 

at the estimates, the follawing ooats are included: 

1. Salaries or graduate student trainees assigned to 90ll1puter 
instruction tor one year. 

2. The routine operating cost of several soientifio and 
engineering high-speed oomputer trarfic networks~ 
This operating·cost is about fifty per oent of the 
15-year total of line 4 in Figure 6. . 

3. .The cost or experimental and prototype models. 

4. 'Field testing expenses of researoh and development group8 o 

6. Production designs •. 

6~ A small percentage of the total production cost. The 
greater part 'of this cost will ooour after the fifteen­
year period oovered. 

The following costs are not included: 

1~ The required redesign of associated equlpmentsJ fire oontrol, 
radar sets. guided missile telemetaring systems, 

2. The cost ot auxiliary equipment 'not' associated directly . 
with computers and their immediate terminal faoilitiesg 
nor in logistics the cost of input equipment for informa­
tion collection, 

. 3. ·Airoraft. ships, missiles, and military establishments used 
in field tests, 

4. Communication channels or their rontalfor information 
tronsmi8s ion_ 

CC(Q)WIFllID ENilllAIL 
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5., The setup and typing ot engineering and8oientif1~ pro­
blems, exoept for training naoessBl1f personnel. 

, , 

6. Governmental coats of coordination md adminiGtration. 

1. The operation or production equipment arte~ delivery to 
the military, exoept for the training or operators;. 

15. 

8. '!'he major part ot the re91 ired production. See Appendix Co 
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APPENDIX BI . 

160 

METHOD OF BSTABLISHING EST Ir/lATE: 

The cost and time estima.te of ~'igure 6 is based on, 

1. The types of computer applications now under discussion. 

2. The rate or progress of present computer development 
including Project Whirlwind at M.I.T. which is the· most 
extensive digital computer project a:t the present time. 

S. A detailed allooatio,., or teohnical starr in each. year 
to each of. -~75 ··8ubdirls ions of worko 

4. The research and development cost obtained by.multi­
plying the number of staft by $20.000 per year to cover 
non-staff coats, material. service, and OVerhGBd. 
staft must include all direct administrative persons or 
a. higher rate must be used. 

5. Educational oosts obtained by multiplying teaChing 
staf"t by $20.000 and ea.ch assigned student by $3,000 to 
cover staff and student salaries, equipment and facilities 0 

This rate tor stat!' to cover equipment. nOll-starr 
personnel; and overhead may be about twice the usual 
teohnical college operating casto However, radar trainilg 
was near this rate.. The higher rate is used to cover new 
and speoial equipment required. the problem of setting up 
new' courses of instruction# and the inef'ficienoy inherent 
in a. new and rapidly growing educational progrwno In the 
number ot trainees, 20% or current technical starf were 
added for replacement purposes • 

. . 
·6. 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 es shown in 
Figure 6. ,. 

7. Tha.assumpt1onthat computers will perform their first 
useful servioes for engineering 0 anputat ion and that this 
work will be charged with some pioneering for the benefit 
ot o~her applications. 

8. A ooordinated program cperated with full information 
interchange. 

9. Tho history ot radar, which has here been used as a 
ohoCk to establish the reasonableness or the results 
or the estimahe. 
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11. 

10" Field tea'cing be lllg n much mOTEl exponsiyn a.uri 
time-consuming problem thnn for radar bocau.so of the 
requIred elabora.te interconnoction wi th ~·Lda!', micro­
wave relay linkns- servomechan.ioTIlB, and o·thor informa­
tion collecting and. using dSitictHJ 0 

110 The assumption that for production mili'cary ayotoroBe 
ten men with full teohnical training mu:..::rt o.ccompa~'" 
each million dollars worth of equipmentCl 

12& The assumption tha.t the logistlc8 and . simulation 
programs are largely ones of study and applioations 
research o Computer' development is covered :b .. l other 
programs, except for special terminal equipment and 
purchased computing devicesQ Production for actual 
logistics work will follow the fifteen yea.ru of this 
estimate. . 

These estimates include only speoifically itemized activities 
and may be 10'0'1 to the extent of omiss ions" 
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ltPPENDIX Os PRODUCTION COST AFTER'FIJi'TEEN YEAPJ3 a . . .. - ..... 
The approximate ordor ormagni~r;ude of cost for proc1u.c·ciOll 

or digital information systems to a qu:tp the Military F;atablishnent for 

180 

wartime. operat ion is b a.sed on the following t~ble6 MllCh of tho table is . 
derived from direot comparison with radar pro~ct:tono For shipboard 

installations, computer systems will be used in muoh smaller number~ thm~ 

radar but will probably cost oorrespondingly moroQ Airborne figures are 

half tha.t of radar in World War II. The list does not inolude probable. 

military uses b~ond those of Figure 6 nor oommercial and induatrial 

applioations • 

Guided Missile Data Reduction 

High Speed Computer Traffio Networks 
(Engineering and Scientlfic) . 

Cryptographic 

Interoeption Networks 
. (W.i thout radar or canmunications) 

Air Traffic Control 

Industrial Prooess Control 
(~or strategio military applications) 

S !mula.tion and T~aining 

Semi-Mobile-Shipboard 
(Sarna. as 1 arge ~hip radar in World 
War II) 

Mobile 
(Sarns as World War II radar) 

Airborne 

Total Coot . --
$ 25 mill:i.on 

30 

65 

150 

150 

50 

125 

300 

176 

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

Logistics . .. 
(Including automatic inventory oontrol; 
estimate is only an order of magnitude 
until applications studies h~e bean 
complf.ted) 500 

$i , 9'10 .million 
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APPENDIX Dc DISCUSSION OF DIAGRAMS s ... 

Figure 1 is included to permit a comparison of the proposed 

digital equipment program and the corresponding history of radare 

Corresponding milestones in radar and digital system de'Velopmentare 

obtained by matChing in 1948·the status of oomputer storage devices 

with the status of 'radar magnetrons in the late 1930'90 

Figure 2'i8 a smoothed curve ~btained fran'the data in 

·Figure 6. Total costs are divided into that for: (1) research'. 

development end training, including experimental and pro·totype equip­

me'nts, (2) Applications studios and field teats, and (3) production. 

Early production is in equipment for engineering computation and simu-

lation. Production for military field equipment is a.ppreciabla only in 

the last three years. Applications a.nd field tests repreS€lnt a large , 
part of the total because extensive integra~ion of computer systems must 

take place with information g~thering equipment suoh as radar and in"" 

formation us ing equipmerrb suoh as aircraft,,' gUl'l, and mios l1e controller.s~' 

Figure 3 is 8. Slnoo.thed . curve derived from Figure 6 showing 

the total active stafr at anyone time, not including operators of 

military equipment. TeChnical starf has almost reached its maximum 

at the end of the fifteen-year period and if" traoed,further could be 

expected to level out rapidly. 

Figure 41lD a smoothed curve ShCWfing the 8tn1'f it would be 

necessary to train each year to supply, the program or Figure 6. 

, Initially this teohnical personnel goes entirely into building, up the 
. . 

8oientif'ic staff in research. This number will reduoe as the tota.l starf 

reaohes ita are for 
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repla.oements in research and development starf. In the last fivc years, 

trainl~ of teChnioal persons in the use and operation of military 

equipment must keep pace with the production of such equipment. 

The present. existing, 1948 lev~l of training 18 much bel~v 

the initia.l point of the ourve and is a warning tha.t an. active research 

program might not be a.ble to start until a.1.'ter a delay of one to three 

year. to build up.a teaching group. 

. Figure 6 ~ an estimate of the rela.tiollship between total 

cost of' a.rasearCh-development-production projeot and the time neoessary 

tor completion. One hundred per oont (100%)" cost and one hundred per 

cent (100%) time is defined by the "normal aotive peacetime" level ot 

working effioiency. The general shape ot such a curve . is fa.irly 

obvious. For a given project, there is a minimum below which the time 

oann~t be reduced regardless or the total expenditure. Likewise, there 

1s amtD1mnm below'whioh the total cost cannot be reduced regardless 

'or the amount of time taken and the amount of oare exeroisedo The exa.ot 

values on the curves can only be estimates since they are ~ubject to 

neither measurement nor experimental stUdy 0 It should be noted th~t 

rate 01' expenditure varies as the quotient or total cost divided b.1 time. 

Thus, for the point or 200% cost and 50% tilr.e the expand! tura ra.te per. 

year is four ttmes normal. The estimates of Figure 6 are intended to 

represent a working errlcienc.y described by the 100 per oent point in 

Figure 5. With suffioient prior planning, and so long as ayailablG 

personnel and resources are not exoeeded, Figure 5 can 'be used to adjust 

the estimated program to a lengthened or shortened time schedule. 
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Figure 6 has been discussed. 

21. 

It was derived by al1ocatin~ 

staft to 75 subdivisions of aotivity. The largest subdivisions aocounted 

for approximately 400 staff. Costs were oaloulated from this assigned 

start by the.methods disoussed in Appendix B. 
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APPENDIX EI ACCELERATION OF PROGRAM 

Figure 2 shoW'S a fifteen-year interval before subntantial 

military production follows proven experimental and prototype models. 

This oould be shortened somewhat using emergency action by omiss ion of 

some steps. but at reduced effioienoy as estimated in Figure 5 whiCh is 

discussed in Appendix D. 

22. 

Most signifioant is :the ol)servation, based on these assumptions, 

that the first several years oan bo ac~olerated. beoause of lower 

, exp0nditure rates, with much less total cost than a corresponding 

acce~eration of the last several. y<r8.rs. Two alternate metho:l s of reducing 

the fifteen-year program to eleven years follC1N: 
. -

From. Figure 5.' acceteration to 60 per cent of, normal time raises 
total' cost to 170% of normal or l6sul ts in a cost inorement 
chargea.ble to, theaceeleru.tion ot 70' per cont. 

From Figure 6 the total cost or the fu'st 10 years of the 
15 years is $583 million and the cost of the last 10 years 
is $1931 ~llion. Multiplying by 70 per cent there results: 

Extra oost ot reducing the first 
10 years to 6 years . 

Extra cost of reducing the last 
10 years to 6 years --

• 410.000,000. 

$1,360.000,000. 

These figures show nearly a one billion dollar (l.OOO,OOO,OOO) 

dividend trom a. vigorous initial research and developrlent attack even 

at the expense of much inefficiency and duplioation. For a given overall 

reduction in total time, inefficiency at early stages, when total expenses 

are low, costs muoh less than later in a pro~ram which has an exponential 

growth curve. 
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FIGURE 1 

COMPARISON BETWEEN RADAR AND COMPUTER DEVELOPMENT 

RADAR OATES (HISTORY) (PREDICTED) CWPUT£R 
. --RADAR DEVELOPMENT- --.-~---- CORRES. PoNDING ElicTRO;ic.-co~.-?uTE~-STATUS. ··.-.----.fC. OR.RE.S. PO"D~NG 

(Selected milestones to show progress) (Se'lected milestones to show progress) . DATES L::-J ~~~~~~~il~N~~~~IO _RA~GE EC~ PR_INCI:LBUILDING : __ ~-:;C~~~~:~:~~~-::~~~~;~:s~_~~ -~~~H~-I=~;;-~ I 
~- I CPRX:MLIAMNIDNASRCyR-MAG~68NETEXROPENRRIMESEEANTARCLH~~---------I--~~~~~Z·~~~HiG·H"EFF1CjENCY·STORAGE--RESEARCH'(DELAY-CiNES"-- ~I __ ··_l~:: ___ ~ 

193)-38 c· AND STORAGE TUBES} 194J-4~ 
!--------+-------. -..... -.---.--... ----.-.-.--..... - .. ----- ... - .. ---.---... -.-.-...... ----.. -.-- ---···----·--··-·--·-·-------t--- I 

FIRST PRODUCTION RAl}AR MJLTIPLE CONSTRtX.:T10N FOR LAND-BASED EXPERI~NTAl USE' l 195<-55 ! I ,-. I 
(CXAM AND SCR-l68) I 1 

1938-40 . 

-.====L ---1 .- .... - ... -... - ..... -.-.- -- I I 

ACCELERATED WART-IME DEVELOPMENT PACE FOLLOWS: FOR I I 
;=========r-=RA=D:=AR CONT·INUED PEACETII,£ PACE· FOR CCtlPUTERS .. __ ...:::::;:.==_ ... ~ __ .. __ ~ 

1941 EXPER;MENTAL I.iOB·ILE SCR-584 (FIRE 'CONTROL) ~I---:::~::':::-==-=::-'~:--'" . ! I 

EXPERIMENTS IN HIGH PO,IIER FOR SM (SHIP BORNE: F'IGHTER EXPERIMENTAL SEMI-MOBIl£ COMPUTER FOR CONTROL I B5~. ! 
DIRECTOR) __ . _ I--.. -----.-.------.--------------~l- ---1 +-----------+---- I i 

1942 FIELD TESTS. OF SCR-584 - PRODUCTION CONTRACT. I FIELD TESTS IN MISSJl£ GUIDANCE I' 

!. 1944 
I 

EXPERIMENTAL LAND-BASED SM EXPERIMENTAL SHIPBOARD F'IRE, CONTROL • ___ .J~~~_6~~ 

FI RST PRODUCT I ON SCR-5c34 AND SM 
PROTOTYPE SM ON USS LEX I NGTON 

FIRST COMBAT USE OF SCR-584 
PRODUCT I ON OF REV I SED SM '( sP) 

I 

PROTOTYPE: MISSILE AND· FIRE CONTROL COMPUTER t' 195<3 

----------H.-PRQDUC--TlON SYSTEM FOO MISSILE lAUNCHING AND SINGLE-SHIP --- -:-:~~----
F'I RE CONTROL I 

r-----------+-------------------------------------H------- , 

" 

1945. F1RST· EXTENDED SYSTEMS. DEMONSTRATION (PROJECT. CADJLLACJ . F1ELD TESTING OF INTERCEPTION NETW'DRK,' ANTI-SUBMARINE . I 196.3. 
TASK GROUP CONTROL,i AIR TRAFFIC CONTROL -L 

FIGURE 1. 

CONF'I DENTtAL 
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