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DISCUSSION OF THE C0M.3,TS OK PROJECT WHIRLWIND 
1.U-JE BY THE AD HOC î i.EL Oli ELECTRONIC DIGITAL COMPUTERS 

OF THE BASIC I'IffSlCitL SCIKIiCE COKJITTEE OF THE 
RESEARCH AI1D JJEVLLOPi.lH,T BOiJD 

I. II.TROOUCTIOU 

1. This memorandum analyzes the comments of the above Panel as 

they specifically relate to Project Whirlwind. Comments on the report 

as a whole are contained in a separate memorandum. 

2. In the report, the work of Project Whirlwind, the Office of 

Naval Research supervision of the project, relations between the two 

groups, tnd the characteristics of the Whirlwind I computer receive 

extremely unfavorable consideration. The history of any large and active 

enterprise will always disclose faults which might have been improved by 

better planning, unci in this project like others there is a basis of 

fact from which the Panel conclusions are drawn. The unfavorable inter

pretation of the overall project is probably traceable to a combination 

of the following: 

(a) The Poi.el stresses the necessity for digital computer 

application to real time problems without recognizing this as 

the primary objective of Project Whirlvdnd. 

(b) The Panel did not include all important digital com

puter projects in their consideration. As a result, they have 

criticized Whirlwind simply on comparative size of budget, with

out recognizing in the report the existence of the United States 

Naval Computing Laboratory, which is the largest Government fin

anced electronic digital computer enterprise in the United States. 
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(c) The Panel concentrates on electronic digital computing 

machines as end products as if they were a standard manufactured 

item rather than treating them as an unknown field of research and 

development. 

(d) It appears that the Panel did not begin its investigations 

by establishing an opinion of the necessity and importance of digital 

computers in the Military KstpMiflhment, As s r*snlt, the report 

contains numerous contradictions concerning the adequacy of present 

projects to meet these needs. 

(e) The Panel gives no comprehensive and critical analysis 

of the technical competence of the groups studied. Comparison is 

made principally on the basis of information offered to the Panel, 

v.lthout analysis of its soundness, and the report strossos primarily 

the relations between the Military Establishment and the contractors. 

(f) The Committee has not attempted to pick out the good 

points of various computing programs to give a balanced picture 

along with the faults. 

(g) In many examples the Committee conclusions are based on 

incorrect information. 

II. PAi:EL CUITICISUS OF PROJECT V.HIhLViIND 

Criticisms of Project Whirlwind, in apparent order of importance, are 

listed here and will be discussed in detail in Section IV. The Panel 

(1) can find no end use, objective, or purpose for 
the existence of Project Whirlwind. 

(2) criticizes severely the status of Whirlwind 1 

terminal equipment. U N C L A S S I F I E D 
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(3) believes that technical progress of the 
Project has suffered seriously by changes in the 
Maval groups supervising the work. 

U ) appears to feel that Project Whirlwind is 
too large. This is implied though not explicitly stated. 

(5) disagrees with the technical specifications 
of VJhirlwind I, although it is not clear how disagreement 
with specifications is possible when the Panel had not 
discovered Project or 'whirlwind I computer objectives. 

(6) raises several objections to the Whirlwind I 
storage tube. 

Section IV gives reasons why some of the above criticisms do not 

show the project accurately and the others aro not stated in the proper • 

perspective. 

III. GmEKAL COMMENTS OK THE PJJiSL KEVIEW OF PKOJECT WHIKUiIMD 

1. Whirlwind was the first project visited by the Panel. One day 

was spent in discussing the project, an appreciable part of which was 

devoted to Panel orientation in their new undertaking. 

The members expressed the desirability of returning for more 

complete information but did not have time to do so. 

2. The Panel requested and received complete frankness in discussion of 

computer and project problems, both technical and administrative. This was 

done in the atmosphere that the Panel could be most helpful in remedying 

such problems as did exist if they could be frankly discussed. The report 

does not reciprocate by balancing accorapliahnents and good points against 

the problems which certainly exist in any established undertaking. The 

report shows that a comparable freedom of discussion was not obtained by 

the Panel in several other projects. The report discusses the difficulties 

that do exist in such a way that they may, as a result, be accentuated 

rather than remedied. The report may shake confidence in thggood points 

NCLASSIFIED 
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of many projects rather than helping to correct the poor points. 

3o In comparing Whirlwind with other projects, the Panel is 

conparing such problems as it could find in an organization several years 

in existence with the promises and hopes of newly established undertakings. 

I. The Panel has not recognized that Whirlwind predates many of 

the other projects considered, is two years farther along than most, and 

consequently the V.'hirlwind I computer itself is two years more obsolete. 

5. There is a striking discrepancy between the general recommenda

tions of the Panel, which are very good, and their comments about Whirlwind 

Whirlwind appears to be following closely along the more important general 

recommendations of the Panel. Whirlwind ideas have farad well in the 

hands of the Panel but not the actual project or the Whirlwind I computer. 

The report forcibly states the need for the work A'hirlwind is doing but 

does not recognize this as being in progress, 

6. In particular, the Panel stresses need for digital computation 

on "real time" problems but in no place recognizes Whirlwind as the major 

present contributor in this field or as the source of most of the ideas 

leading to the Panel recommendations about the importance of real time 

computation. 

7. There is in the report no recognition of the high speed of the 

Whirlwind I computer, although this is the particular unique feature of 

Project Uiirlwind work. On the other hand, the necessity for maximum 

speed must have been recognized because (page 47, paragraph 2) the slowness 

of one of the next range of machine speeds is deprecated as contributing 

little to real time computation. 

'JNCUSSIFIEP 
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8. Throughout the report, Whirlwind is considered as a machine 

divorced from a research project. This leads to many doubtful conclusions. 

New suggested applications for digital machines are arising rapidly, and 

a machine and laboratory where they can be tested, without waiting for 

the construction of a digital computer to order, is important. 

9. The report does not recognize the assistance, both direct and 

indirect, «blofc mdrlwind nas given to other projects. This is especially 

true of the United States Naval Computing Laboratory, which is not men

tioned in the report, and, to a lesser extent, is true of the Raytheon and 

other work. 

10. The report overlooks the field of simulation as a valid use of 

digital computers, and therefore omits from its consideration a second 

primary objective of Project Whirlwind. The use of computers in simula-

lation is of sufficient military importance that much machine development 

is aimed specifically at that application, and a Research and Development 

Board committee has been formed especially to consider the simulation field, 

11. The report is at variance with several important facts. The 

Harvard Mark III is referred to as the first and only postwar electronic 

machine supported by the Military Establishment, although the Eckert-Uauchly 

B1NAC is an electronic computer and was shipped from the manufacturer first. 

The latter is not included in any of the tabulations and is recognized 

only on one page of the report (page 47). Omitting the BINAC leaves out 

an important scale of reference in evaluating th9 computer program. It 

illustrates several of the difficulties which result from close adharence 

to certain of the Panel rocommendations. 
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IV. DISCUSSION OF SPECIFIC CRITICISMS OF PROJECT WHIRLWIND 

This section will discuss the statements given in the report 

with pertinent information hearing on the subject of criticism. 

k. Objective of Project Whirlwind and End Use of Whirlwind I Computer 

The following comments are taken from the report: 

(Page 11. Section 2.3.5) 

"... recommended that the urxice oi KsMX Research take 
immediate steps to find a suitable end use for the completed 
Whirlwind I machine. If such a use can not be found, (the 
Panel has been unable to find one) further expenditure for 
the completion of the machine should be stopped. 

"If a suitable end use for Whirlwind I is found, the Office 
of Naval Research, In cooperation with the proposed user and 
contractor, should establish definite specifications to be 
met by the completed machine, including terminal equipment 
required for the intended une." 

(Paee 39, Section 4.4.7) 

"No definite end use has been selected for this equipment." 

(Page 54, Section 5.8) 

"Neither the sponsor, Office of Naval Research, nor the con
tractor, Massachusetts Institute of Technology, has expressly 
named any specific computing project to be assigned to this 
machine." 

The Panel does not distinguish between "no possible objective" 

ard "no contractually specified application." The Office of Uaval 

Research, the Navy as a whole, and the Military Establishment have a 

wide range of digital computing interests. 

The report (page 9(4)) criticizes machines with no obvious 

means of support and, by implication elsewhere, directs this toward the 

Whirlwind I computer. In view of the objectives discussed later, this 

UNCLASSIFIED 
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is similar to criticizing a commercial concern for plant construction 

unless it had actual purchase contracts for the entire future output 

of the plant. The equivalent commercial procedure of making a market 

research study haB been done continuously by the Office of Naval Heeearch 

and H.I.T. to establish the Importance of a digital computing center, 

machine, and laboratory directed primarily at real time problems. 

Where definite end-use objectives for digital computers have 

initially existed, as tne fanel prefers, tl.ese have often been revised 

and changed by ensuing circumstances. For example: The ENIAC was 

designed as a special purpose machine specifically for ballistic problems; 

It has been used in many other ways and perhaps its greatest contribution 

has been in shoving the possibility of running other large electronic 

machines. The BIH&C computer was purchased for a mobile real-time 

problem which was too ambitious a specification and the machine has been 

diverted to other use. The Panel recommends changing, probably correctly 

so, the immediate end objective of the Harvard Hark III computer and 

suggests that It remain at Harvard rather than being shipped to Dahlgren. 

The Whirlwind computer started with very rigid, definite specifications 

including equations and data to be used in aircraft stability analysis, 

but these have been broadened greatly as the universal utility of digital 

computers is better understood and the needs of the Military Establishment 

change. Out of all the machines studied by the Panel, average chances 

at present seem very much against any particular machine's being com

pleted and used for the purpose originally intended. 

The implication in the first quotation referring to "the 

proposed user" and "the Intended use" does not fit the objectives of the 

UNCLASSIFIED 
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project for providing a laboratory and a machine for studying digital 

computer applications having the greatest current priority- This 

misunderstanding may arise from too great a concentration on computers 

as specific machines rather than a concentration on digital computation 

ao a problem in research, development, and application. 

The following statement of Project Whirlwind objectives are 

listed roughly in the order of importance hut not necessarily la the 

ord^r of czecutisn. 

1. Real Time Application!! of Digital Computers 

The report recognizes the Importance of digital computation 

In "real time" problems. The Panel apparently does not realize 

that this field comprises the primary objective of project Whirl

wind. Application of digital computers to "real time" problems 

can be divided into two important areas. 

a. Tactical Military Problems. This field is recognized In 

the report (page 8, section 2.2.2): 

"It is recommended tli-.t additional studies be set up, directed 
toward the real time computation essential to the solution of 
tactical military problems. Such studies should consist prin
cipally of system analyses in the guided missile or special 
projectile field, but should include also specialized component 
development such as quantizing machines and digital servos 
needed to give automatic access to instantaneous data by the 
computing elements." 

Project Whirlwind has been doing most of the preceding. 

The Panel further recognizes the Importance of the real time 

tactical applications. On pages 14 and IS it recognizes the newness 

of this field and that no digital equipment is yet operating in It. 

The need for starting a sound and Integrated research and development 

program therefore results. The report stresses this field again on 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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page 17, Section 3.2 (3). 

Work in this field 13 being actively pursued by the Office 

of Naval Research. Plans for applying the Whirlwind I computer 

to studies of digital fire control are well along In the discussion 

stage by the Office of Naval Research and M.l.T. These plans are 

being made with the knowledge and encouragement of the Naval 

Research Laboratory, the Bureau of Ordnance and the Bell Labora-

•nripr. Murk 65 -project. 

The Servomechanisins Laboratory, in work directly related to 

Project Whirlwind, is studying the application of digital computers 

to air traffic control for the Air Force. The extensive use of 

computers is specifically called for in the report of Special 

Committee 31 of the Radio Technical Committee for Aeronautics, and 

the M.l.T. air traffic control program growB out of that report. 

Technically, at this stage of digital computer research, air traffic 

control studies are synonomous with aircraft interception and 

military aircraft control. 

Applications of the digital computer background available at 

Project Whirlwind and application of the Whirlwind I machine itself 

to the -problems of land-based, anti-aircraft fire control are being 

Jointly considered by M.l.T. and the Signal Corps. 

An Annapolis postgraduate Naval officer is now doing research 

at Project Whirlwind on the application of digital computers to the 

problems of data analysis, weapon control, and ship navigation in 

anti-submarine attack. 

The Office of Naval Research has exhibited a longer sustained 

interest In the application of digital computers to real time 
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problems than any other military department. Whirlwind work has 

been In progress for four years, during which it has had firm 

support and encouragement and is now materializing into an operating 

laboratory and a machine suitable for research in real time problems. 

b. Simulation. The Panel does not mention the many applica

tions of simulation techniques as a proper field for digital com

putation. There are, nevertheless, many military groups who can 

derive great benefits from such work. Simulation falls roughly 

into two categories: one where equipment is being tested; the other 

where human reactions or teamwork are being studied or developed. 

Combinations of the two are possible. Simulation, for equipment 

study only, might arise In the vesting of guided missile components. 

Simulation involving both equipment and persons accounted for the 

initiation of Project Whirlwind. The Initial intention was to build 

a machine for simulating the behavior of large aircraft, based on 

data derived from wind tunnel tests, and to provide an associated 

cockpit in which a test pilot could evaluate aircraft behavior. 

The Whirlwind I computer is still as useful for that problem as if 

no other applications had arisen in the meantime, large aircraft 

have now been transferred to the cognizance of the Air Forces, and 

the Air Materiel Command at Wright Field has recently expressed 

Interest in reviving this particular application of digital computers. 

An application of a digital computer to personnel training 

and group coordination Is typified by mechanized game boards for a 

military war college. 

UNCLAC 
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Much of the basic information and technical work which has 

led to the enthusiastic recommendation of the Panel for application 

of digital computers to real time problems has come directly or 

indirectly fro* project Whirlwind. The first reports on this sub

ject were issued In the fall of 1947 and unfortunately, in spite 

of their briefness and generality, still stand as almost the only 

detailed analyses of digital computer capacities required for 

certain tactical control problems. 

2. Establishment of a Laboratory for Seal Time Digital Computer 
Research 

For proper pursuit of work in the important field of digital 

computer applications both a research laboratory and suitable com

puting equipment are necessary. 

a. Establishment of a laboratory. The Importance of a labora

tory for this work Is recognised in the report on page 17, Section 

3.2 (S)i 

"Such a program should provide for: ....(3) the necessity for 
obtaining systems research mid development by qualified Indi
viduals and Institutions, in order that suitable improved 
systems may become available for both general purposes and 
real time computations." 

On Page 34, Section 4.2 of the report, 

"The present program does not Include sufficient emphasis 
.on real time computation." 

Digital computers ,-ire not yet ready for mass production. Ho 

electronic digital computer has yet operated well enough so that 

copies have been wanted. A laboratory equipped to explore the 

various types of appllcatlonn is important in determining and 

demonstrating which ones justify the development or purchase of 

JNOASSIFIED 
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machines for a single specified application. Such a laboratory 

will make it unnecessary to procure a computer merely to determine 

feasibility of some newly proposed application. Once trials have 

been made, people will then have an informed, experienced basis on 

which to set specifications for a particular machine purchase. 

b. Construction of a Machine for Heal Time Computing Research. 

Effective work in this field must be based on actual demonstration 

oi poasioillUen, demonstration of promising reliability in digital 

computing equlpnant, and on laboratory work with an operating machine 

for tho evaluation of systems proposals. Whirlwind I Is being con

structed for thene purposes. On page 15 the report cites that no 

such equipment Is available or operating at the present time. It is 

certainly essential that any development as new as this be accom

plished i'lrst '.n the laboratory before one attempts to make mobile 

field equipment. On page 15, paragraph 3, the report states: 

"It seems reasonable to suppose that any well balanced national 
defense program for the development of computers ought to 
include machines suitable for each of the above described 
purposes." 

Speaking of the need for more information on actual machine 

performance the report states on page 22, paragraph 3: 

"VIth the completion of tests on a few of the more advanced 
projects, a great deal more information should be available 
for use In theoretical research into possible systems of 
computation to be applied to specific problems of the Military 
Establishment." 

In the last sentence of page 4, the report recognizes that: 

"th; existing contracts should also provide machines for 
experiments leading to the evaluation of the usefulness of high 
npe »'. digital computers in fields of computation which are as 
yet u&trled and where the exact formulation of the problem la 
still to be accomplished." 

UNCLASSIFIED 
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These statements come close to describing many of the applications 

for Whirlwind 1. 

In the construction of Whirlwind I much attention Is being 

given to achieving high reliability and long periods of trouble 

free operation. Moet other computer projects, If they treat relia

bility at all, are satisfied with detecting errors after they occur. 

In tactical control applications, where human life and valuable 

property are at stake, errors must be prevented, not merely dis

covered. 

A machine like Whirlwind I can perhaps be compared to a wind 

tunnel or a nuclear particle accelerator. It is a research facility. 

Precise specification of end use is not possible -head of time. 

Only the general field of application can be predicted several years 

in advance. Actual circumstances and priorities for applications 

research change rapidly. 

3. training Personnel 

An Important part of the Whirlwind program Is the training of 

personnel. Thus far training has been limited largely to Project 

staff members, since the information had to be generated as well as 

absorbed, and adequate staff comes first. With this already done, 

the regular M.I.T. academic program is being extended to Include 

additional work in digital computation. Hext year sufficient courses 

relating to this field will be given to make up a complete master's 

degree program. This is being done without the persuasion by the 

Military Establishment suggested on page 29 of the report. Setting 

up a more complete training program has been delayed by unavailability 

UNCLASSIFIED 
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of a computer for laboratory work. As Whirlwind I nears completion, 

and Its existence can be anticipated next year, new academic courses 

become possible. 

Page 18 (8) of the report states the necessity for orientation 

courses for key command and administrative personnel to keep them 

informed of progress ard the potential use of high speed digital 

computers. Project Whirlwind has made some contribution to this 

vcrk at the Industrial Vter College. It is z. scurcs of Information 

for such training wlt'i respect to real time tactical applications. 

4. Development of Associated Equipment for Heal Time Applications 

In additlor. ta a digital computer, extensive terminal equip

ment may be rojuired in most real time problems. Data must be 

taken in froci analog devices. Results are sent to visual displays 

or to servo /ystems. The Panel criticizes Project Whirlwind for 

not already aaving such equipment. Yet this Is a major undertaking 

in Itself 'Mich will continue for many decades. To illustrate 

that termifal equipment Is an Important and continuing problem, 

one has only to look at the much older field of analog computation 

where the development of terminal equipment is still very active. 

On pa,'v> 8, Section 2.2.2, the report directs attention toward 

terminal eqtlpment which must be associated with digital computers 

in real time computation. The need for servo systems to be con

trolled from illgital input is stressed In paragraph 4 of page 35. 

A major contribution to this problem has been made by Project 

Whirlwind a9 the doctor's thesis research of Professor Williaa Llnvill 

in treating the theory of sampling servomechanisms. This will 
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The proper presentation of visual displays are an important 

part of real time applications and an example of this type of 

terminal equipment has been used in connection with Whirlwind I 

for several months and is under continuing development. 

5. Construction and Operation of a Computer to Encourage 
Theoretical Research 

Tills io as lspsrts2.t tfcjeetlv* Of Vb* Whirlwind work. It 

overlaps the objectives given above. Nearly all M.I.T. depart

ments have possible applications of digital computation and would 

be willing to undertake applications research and thesis studies. 

Active work Is to a considerable extent awaiting a complete and 

operating machine. The necessity for an actual machine to stimu

late such research is nicely presented by the report on page 21, 

Section 3.2.2: 

"It is only reasonable to suppose that workers in the field 
of applied mathematics usually have not concerned themselves 
with this phase of numerical computation, because of the 
sterility of any such efforts in the face of the nonexistence 
of machines suitable for high speed calculations. How, however, 

'when there are several high speed digital computers far enough 
along in construction so that final computation details can be 
predicted, it seems wise to undertake a program to foster 
researches in the field of pure and applied mathematics." 

while It will be necessary, of course, for the Military Establishment 

to encourage specific research on Its own problems, there will 

nevertheless be much of this done at M.I.T. without support of the 

Military Establishment. Capable pereons will be attracted from all 

scientific fields and also the social sciences, and existence of 

whirlwind I will encourage research by graduate students and staff. 
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6. Availability of a Machine as a Stimulus to Future Component 

Research 

The comments made by the Panel In Section 3.2.2 about the 

necessity of a machine for theoretical research applies even more 

forcibly to the stimulus such a machine gives to component research 

and development. Shortcomings of an operating machine are apparent. 

The most rewarding areas for future development are clear. Hew 

components can be substituted Into the existing machine (if It Is 

of sufficiently flexible and accessible construction) fax MBtUftl 

operating and reliability tests. Development of components to the 

point of actually operating In a machine assures complete develop

ment and prevents premature release to groups who might otherwise 

have to retrace much of the original development. Actual experience 

with the machine makes desirable specifications of new components 

apparent. 

7. Integrated Digital Computer Research Program 

It has been an objective of Project Whirlwind to maintain a 

balanced program in digital computer theory, component development, 

machine construction and applications research. These have been 

especially directed toward the real time problems, but one unavoid

ably receives an Important by-product in the form of techniques 

and facilities for the solution of scientific and engineering problems. 

8. Computing Laboratory for Engineering Problems 

facilities for the solution of scientific and engineering 

problems are naturally obtained as a by-product of the work 

discussed above. One would indeed be wasteful and negligent not 
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to take advantage of this opportunity. To capitalize on avail

ability of the 'basic computer requires, at the most, the addition 

of pieces of terminal equipment which might he required for 

scientific work but not for real time research. Machine time is 

almost certain to he available for this work, since it is unlikely 

that the research Into real time problems can be organized to fully 

utilize machine time. If necessary, an extra operating shift at 

night could he devoted to routine general purpose computation. 

In all probability use of the machine as a scientific computer 

will he achieved earlier than significant work In the real time 

field. Scientific applications are better understood, more trained 

persons are availahle, and perhaps more are interested in this area. 

Much more modest beginnings are possible. In fact, initial testing 

of the computer would be made on fictitious scientific problems, 

even if they were of no practical importance. 

9. Contributions to Other Projects 

An important part of Project Whirlwind work is to operate as 

a research center for dissemination of digital computer information. 

The Panel has reported favorably on Project Whirlwind reports which 

were established for this purpose. It is hard to evaluate the 

actual usefulness of such activity. Extensive use has been made 

of Whirlwind work In the United States Naval Computing laboratory 

operated by Engineering Research Associates. Lesser contributions 

have been made to the work at Raytheon, National Bureau of Standards 
f 

at Washington, the computer at the University of California at 

Berkeley, and the OKDVAC at the University of Illinois. 
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tJMpLASSlFlED 10. Other Objectives of Project Whirlwind 

A few other miscellaneous objectives fu l f i l l ed by Project 

Whirlwind are cited In the Panel report. Page 4 , paragraph 2 

mentions machines bui l t for the education of the builders and the 

users. This i s an objective of no small importance, especially 

when i t relates to the tota l ly unknown f ie ld of real time compu

tation. At the time Project Whirlwind was started there was no 

certainty whatever that a eon^wtsr csuld bo bui l t to operate in 

the range of 10,000 to 20,000 arithmetic operations per second. 

Furthermore, there was no available estimate of machine r e l i a b i l i t y 

or development d i f f icu l ty in realizing a computer for military 

applications. Already answers to these points are emerging from 

preliminary testing of Whirlwind I and the preceding prototype 

c i rcu i t s . 

The Panel recognizes on page 8, Section 2 .2 .6 that a new and 

unique fundamental approach to machine design nay be a Justif iable 

reason for construction. At the time Whirlwind I was started i t 

was most certainly new and unique and s t i l l stands as the only 

ultra-high-speed paral le l type computer near completion. Appli

cations of the machine to real time tactical work and to simulation 

are unique applications of a d ig i ta l computer, and there Is no 

doubt but what Whirlwind I Is the f i r s t , and in faot the only, 

machine the Panel studied which can work on many of these appli

cations. 

JNCUSSIFIED 
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VCOsiFIED" Terminal Soulptnnnt In Whirlwind I 

1. Terminal Equipment /or Real Time Problems^ The Panel makes 

a major point of cr i t i c i z ing Whirlwind I terminal equipment. The 

Panel may to confusing terminal equipment, as i t has been specified 

by other projects for research purposes or restricted end uses, with 

the bi-oader poss ib i l i t i e s that Pr«j»ot Whirlwind makes poss ible . The 

lacic of terminal equipment which the Panel c r i t i c i z e s i s the same 

terminal equipment which i t recommends undertaking as a major 

Military Establishment program in the f i e l d of digital servos, analog 

information quantising uni ts , digital-to-analog converters, and visual 

display devices. With resnect to terminal equipment, the project has 

followed the step-by-Btep procedure recommended by the Panel. The 

f i r s t step i s to obtain a working cornnuter with minimum terminal 

f a c i l i t i e s ( fu l ly equivalent, however, to those planned by many 

other computers) and to evaluate performance and achievement at that 

etpge before attacking new, unknown frontiers . 

2 . faphaslB on Terminal Kqulnment. On page 11, Section 2 .3 .5 , 

the reoort recommends! 

" . . . the Office cf Naval Research, in cooperation with the 
user and the contractor, should establish definite 
specifications to be met by the completed machine, 
including terminal equipment reqtilred for the intended 
use." 

YOLndblt JL~ 
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The Office of Haval Research and M.I.T. have carefully considered 

the matter of Whirlwind terminal equipment. The project i s operated 

as a continuing research program. The amount of terminal equipment 

which could be designed or purchased in the work thus far has been 

established by the available budget and available sc ient i f ic personnel. 

I t has been considered wiser to concentrate on completion of Whirlwind 

I with basic or minimum terminal equipment rather than to Bpread 

resources over a broader program resulting in the earlier completion 

of no single part of the work. Although the advisabil ity of a par

ticular etep-by-step development procedure as recommended by the 

Panel on page 24, paragraph 2, i s questioned elsewhere, i t has, 

nevertheless, been followed in this part of the project Whirlwind 

program. The Panel recommends conmletlng comoonent development 

before continuing with systems procurement. In real-time 

applications a digital computer i s a component of the final system. 

I t i s also a component And not the entirety of an operating computer 

research laboratory. 

The idea of "the" end use and "the" required terminal equipment 

i s a misconception. In re^l time research this eouinment grows 

gradually as required out of concurrent system studies. System 

studies can not be d-me f i r s t or alone, because they must be 
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developed as the pos s ib i l i t i e s of the equipment ar9 determined. 

This Is well stated by the Panel on page 22.; Section 3.2.31 

"It has beon brought out repeatedly that future plans 
for the use of high-speed digital computing devices 
depend on whether or not equipment can be bui l t with 
certain characteristic Performances." 

In so far a3 has been determined, a basic high speed digi tal 

computer can be applied interchangeably to most applications In the 

real-time f i e ld so long as speed i s sufficient and the ultimate 

mobility requirenents or f inal packaging have not yet been 

Introduced. However, this universal nature of computers does not 

apply to terminal equipment. Different data converters are 

required for shaft position, for analog voltages, and for radar 

echo transit tliie. Output servos differ depending on the job to be 

done and the performance required. Visual displays may be similar 

to one another but are unlike terminal equipment thus far developed 

by other projects . The oreeent active Whirlwind program Includes 

enough visual display equipment to demonstrate some of the 

p o s s i b i l i t i e s of real-time dig i ta l computation. This meets the 

requirements of t>age 22, Section 3 .2 .3 , paragraph 2 of the reoort: 

"With the completion of tes ts on a few of the more 
advanced projects, a great deal more information should 
be available for use in theoretical research Into pos
sible systems of commutation to be anolled to specif ic 
problems of the Military Establishment." 
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3. Indefinite Terminal Equipment Plant;. The report refere to 

Whirlwind I terminal equipment on oage £3 (last paragraph)? 

"Whirlwind I machine, ..., and with ae yet Indefinite 
plane for Input and output equipment." 

Indefinite plane exist for Whirlwind I terminal equipment only 

to the extent thnt budgets are Indefinite. This is an Important 

point and there la real danger thnt the battel rapcrt will contribute 

to lack of confidence In the program, and, therefore, make these 

planB mora indefinite. 

Whirlwind I is so designed that there la no question about Its 

ability to accept any terminal equipment now known or suggested. 

Varying amounts of matching equipment may be required, but In most 

cases no more than that required for matching to computers for which 

the equipment was specifically designed. Terminal facilities with 

which Whirlwind I can operate include magnetic tape units, direct 

teletype tie lines, local teletype equipment, radio or micro wave 

relay equipment, and the knobs, controla» owltchee, shafts and 

voltages of analog equipment. Huch of this terminal equipment la not 

designed because necessity for it is far In the future. General 

ldeaa exist for the nature of the equipment to give assurance that 

Whirlwind I is compatible with it. 
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Plans for terminal equipment design or procurement are 

coordinated vith Whirlwind I computer completion. Equipment can he 

accepted only at a rate set by the available personnel and by the 

ability to get the computer into productive operation. These will 

both take time. 

A digital computer is not yet like a truck which can be purchased 

to haul a load of gravel. There is no such thing as a single specific 

date on which a computer is complete, a full staff ready to use it, 

and a full work load available. The transition from construction 

to use is gradual. For Whirlwind I it beran in September 1949 when 

computation was first done with test storage. The transition will 

continue for at least a year and probably longer. 

4. Minimum Input Equipment. The last sentence on page 53 

statest 

"In this connection, some teletype equipment and 
Eastman Kodak Photographic equipment are being 
provided but no specific plans have been made 
for their use." 

The meaning of this sentence Is not clear. If it means use of the 

final machine, it is a repetition of previous points shout objective 

and end use. If it means that integration of teletype and Eastman 

equipment into Whirlwind I is not planned, the lnfornation is incorrect. 
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The combination of teletype and Eastman photographic equipment i s 

satisfactory for the real-time problems previously discussed. In 

addition to th i s equipment, most real time work wil l require visual 

scope displays for Presenting pictures equivalent to radar P.P.I . 

p lo t s . A suitable scope display for i n i t i a l work i s well along in 

the dealgft atage Slid should be rca5y r.s soon aa i t can be user! with 

Whirlwind I . In engineering work similar scooe equipment can be used 

for the plotting of engineering curves. So far as i s known, this 

important f a c i l i t y i s not being planned in connection with computers 

limited to sc i ent i f i c work. 

5. I?Uto l Terminal Equipment. Page 54 of the report states: 

"As a result , the computing elements of this 
machine are estimated to be 85 percent complete 
with l i t t l e progress on any adequate system for 
handling input and output data." 

This i s hardly correct. The terminal equipment being i n i t i a l l y 

provided with Whirlwind I ie ful ly equivalent to the terminal equipment 

being provided with other computers, especial ly keeping in mind the 

objectives of the mroject. The Panel may derive i t s view of the 

terminal eouipnent situation from some of th» opinions of Project 

Whirlwind personnel, where i t i s considered that the i n i t i a l project 

terminal equipment, as well a s the terminal equipment for mosfother 

computers, i s quite inadequate to exploit the ful l long-range 

^GLftS^i^tL 
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The combination of teletype and Eastman photographic equipment i s 

satisfactory for the real-time problems previously discussed. In 

addition to this equipment, most real time work wil l require visual 

scope displays for presenting pictures equivalent to radar P.P.I . 

p lo t s . A suitable scope display for i n i t i a l work la well along In 

the design stage and should he ready as soon as i t can he used with 

Whirlwind I . In engineering work similar scoue equipment can he used 

for the plotting of engineering curves. So far as Is known, this 

important f a c i l i t y i s not being planned In connection with computers 

limited to sc i ent i f i c work. 

5. IfU?ftl yftmHTfl1 1!rmVP'apnt- Pae6 54 of the report states! 

"As a result , the computing elements of this 
machine are estimated to be 85 percent complete 
with l i t t l e progress on any adequate system for 
handling input and output data." 

Thi3 i s hardly correct. The terminal equipment being i n i t i a l l y 

provided with Whirlwind I i s ful ly equivalent to the terminal equipment 

being provided with other computers, especial ly keeping in mind the 

objectives of the nroject. The Panel may derive i t s view of the 

terminal eoulpnent situation from some of the opinions of Project 

Whirlwind nersonnel, vrhere i t i s considered that the i n i t i a l projeot 

terminal equipment, as well as the terminal equipment for most'other 

computers, i s quite Inadequate to exploit the ful l long-range 
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possibilities of highspeed electronic digital comnutation. The Panel 

has been satisfied with modest Input-output equipment where there Is 

no plan or possibility of doing better, but dissatisfied with equiva

lent terminal equipment where better results are ultimately 

anticipated. 

6? Magnitude of TcrnJTtii gô lair..).!i Problem. The proper 

development of terminal equipment will be a major part of the 

Military Establishment program in real time digital computer work. 

Visual Dresentation equipment for monitoring nuraosee must be 

provided. The only one we know to be in operation from a digital 

computer Is connected to Whirlwind I. Thin was demonstrated to 

30 or 40 guests during the Harvard Computing Symposium in September, 

with very favorable response. 

Work thus far has only dented the nroblem of digital servos. 

These will undoubtedly be as much of an undertaking as the field 

of analog servos in the control of instruments, radar sets, and gun 

mounts. 

The transmittal of d ig i ta l computer data by radio l ink l i e s in 

the near future. Both land-based and naval systems are now under 

development which lead In this direction. 

UNCLASSlHtU 
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70 Digital Servos, The lmoortance of this i s pointed out In 

the report, page 8 , Section 2.8.2 and the work of Project Whirlwind 

in this area has been discussed under o ^ e c t l v e s . 

8. Piscuasion of 'Eastman Kodak Units. Much discussion has 

revolved around Eastman Kodak photographic film input-output units . 

Probably no final ansver Is possible, but a few comments nay be 

useful. 

The Eastman Kodak input-output units f i t better into real-time 

amplications of computers than into sc ient i f i c computing applications. 

An important and valuable feature of the film units i s their ab i l i ty 

to read at any operating sneed up to their maximum l imi t . Lines on 

the film can be read with the film stationary or at any servo-

controlled rate. This i s not true of magnetic tane where speed must 

be restricted to a range which wil l give suitable output signal from 

pick-up heads. Film units are, therefore, easier to synchronize with 

typewriter and printing equipment. 

The Eastman Kodak input-output units are today the moat advanced 

development in high speed digi tal terminal equipment,. They are 

available prior to rel iably operating magnetic units and have speed, 

capacity and performance for certain uses ahead of majmetic units 

now under development. At the time the Office of Naval Research 

'JNCLA^SIFIFn 
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authorized the Eastman Kodak work, that form of terminal equipment 

appeared to ehow better promise than magnetic units• Whether or 

not this was actually true can probably never be established. 

Dissatisfaction Is often expressed with the specifications of 

the Sastrasn Kodak units . This Is not fu l ly founded, but wherein 

Justified acy he traceable to the policy favored by the Panel of 

having component development separate from computer work. The 

TARtman Kodak development was begun entirely Independently of 

Project Whirlwind and later was diverted to become the Whirlwind 

terminal equipment for i n i t i a l phases of the project work. 

9. Magnetic Tape Terminal T^ulnment. Magnetic tape terminal 

equipment wi l l be extremely important to digital comouters. Most 

new computers are planning on this form of input and output for 

effective work in some f ie lds of sc ient i f i c or engineering 

computation. Whirlwind I should eventually be equipped with magnetic 

units for such atrollCTtlons. Project Whirlwind has done almost no 

work in the f i e ld of maoetic tane equipment. Need for such has not 

yet arisen in the original or present major objectives of the project. 

Also under present circumstances, dupllcrtlon of magnetic tane 

development being dona elsewhere would he unjustified. Mngnetic tape 
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units suitable for Whirlwind use are being designed elsewhere and 

can be purchased when necessity makes the required budget available, 

c. Changes & contract Ptr-ffUcn 

The Panel feels that technical direction has been adversely affected 

by changes in military supervision of t.h» contract. (Page 39, Section 4.4. 

"The technical direction of Whirlwind seems to have 
suffered seriously by frequent changes In objectives 
and the transfer of the project from one division of 
the Military Establishment to another." 

This is not true. Furthermore, there have not been as many changes in 

Haval interest as indicated on pages 52 and 53. The second sentence of 

Section 5.8 reads! 

"Its original intent was the completion of tactical 
simulation equipment for the use of this agency 
(Special Devices Group)", 

This is not correct for the history of the project really begins with the 

sentence following! 

"The original simulation studies contemplated the 
use of analog computation. Later, the project trans
ferred its objective to the development of the high 
speed computation of aeronautical problems of perfor
mance, and a decision was reached to construct a high
speed digital computer for the purpose." 

This latter was the first and original objective of the project and still 

remains as a possible important use of the work* 

There has been no change In Whirlwind 1 specifications or technical 

direction required by any changes In military supervision of the contract. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



U"CLASS>F,ED 
All changes have been a broadening of possible uses arising from a 

realization of the f l ex ib i l i ty and universal nature of the computing 

eouipment under development. The aircraft analyzer was the f i r s t sTOcific 

end objective and s t i l l remains in the contract. Terminal equipment for 

the original aircraft simulator was postponed pending tests on the digital 

computer. The same computing equipment as can be used for aircraft 

simulation i s equally anpllcable to tactical simulation no that this as 

well as other real-time control pos s ib i l i t i e s were opened up. The aircraft 

analyzer was a real-time application placing *he same requirements on a 

computer as the other real-time problems discussed under objectives ( t h i s , 

of course excepts the matter of an ultimate mobile design and final 

packaging). The interest of the Office of Naval Research in sc ient i f ic 

computation i s active and can be partially sat isf ied by the computer. 

Scientif ic computation Is obtained as a by-product without having forced 

changes in specifications on the Whirlwind work done thus far. As noted 

before, It may Justify the addition of further terminal f a c i l i t i e s in the 

not too distant future. 

The Panel has not recoglnzed the unlvprsal applicability of Whirlwind I 

type equipment to digital research. The speed of the eouipment makes i t 

suitable for tactical and simulation studies. In scienti f ic computing the 
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high speed permits double-length operations to compensate for the short 

register length without serious lo s s In mpchinfi nerformance. 

Whirlwind I can s t i l l f u l f i l l i t s original olace in the Problem of 

aircraft s tab i l i ty analysis (which was to demonstrate f e a s i b i l i t y , allow 

preliminary studies, and solve simolified examples). This i s s t i l l an 

important nroblem in the Military Establishment and one in which the Air 

Forces has •rnressed recent Interest . 

The changes of interest in connection with Whirlwind I are tynical of 

those occurring in the entire d ig i ta l coiitputlng f i e l d . Actual or proposed 

changes in the application of the SNIAC, the BIHAC and the Mark III have 

been discussed. The International situation has changed greatly in the 

l a s t five years, military uniflcptlon i s taking e f fec t , new defense 

weapons have been developed, and new technical information has been 

obtained. 
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D. Magnitude of Project Whirlwind 

The Panel criticizes Project Whirlwind for being larger than other 

computer projects. 

(Page 39, Section A.4.7) 

"The scale of effort on this project is out of proportion to the 
effort being expended on other projects having better specified 
objectives.11 

(Page 5At last paragraph, Section 5.8) 

"The scale of effort on this project, while it has been considerably 
reduced in recent months, is still out of proportion to the effort, 
being expended on other projects.'' 

1. Scale of Reference 

In these statements the Panel shows clearly that it has not estab

lished its opinion on the proper Military Establishment level for digital 

computer work. Here projects are compared to the average scale of all 

projects rather than to the Importance and need for digital computer 

research and development. Elsewhere in the report the Military Estab

lishment is criticized for carrying on insufficient work in the areas 

covered by Whirlwind. Relative size in the present situation seems 

hardly an adequate scale of reference. 

2. U.S. Naval Computing Laboratory 

The above quotation implies that Whirlwind is the largest digital 

computer program sponsored by the Military Establishment. In its re

port the Panel makes no mention of the U.S. Naval Computing Laboratory 

operated in St. Paul, Minnesota, by Engineering Research Associates. 

That organization is devoted almost exclusively to the various aspects 

of digital computation and operates on a budget and at a staff level 

of approximately three times Whirlwind's. In fact there seems to be 
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more in common between Whirlwind and that organization than between 

Whirlwind and the other projects which the Panel considers. Because 

that laboratory must deliver working equipment to the Navy it places 

a similar emphasis on the importance of reliability and good design. 

In developing a computer for the Bureau of Ships Task 13 Project, the 

United States Naval Computing Laboratory is relying heavily on Whirl

wind work. That computer has been based on Project Whirlwind circuits 

and the Whirlwind 1 computer block diagrams. This original information 

was then changed by Engineering Research Associates to incorporate im

provements suggested by their own men and by Whirlwind staff and to 

incorporate the changes required or permitted by the particular appli

cation. In some slight sense that group is using Whirlwind I as a basis 

for going on to the design and construction of a "Whirlwind II." That 

machine is well along, and major parts of it are operating. 

3. Accounting Methods 

Project Whirlwind is a complete, integrated program where all 

charges have been totaled into one budget except for the work on input-

output devices by the Eastman Kodak Company which was independently 

initiated. This accounting procedure is not common in the digital com

puter field, and most laboratories have operated on a multiplicity of 

contracts covering various aspects of the work. No one project then 

shows a budget total comparable to Whirlwind although total funds spent 

on digital computation might be comparable. As an example, the work at 

the Bureau of Standards might be cited. This program has or does include 

design studies and component developments at Eckert-Mauchly, design 

studies and component development at Raytheon, storage tube research 

at Raytheon, the work of the Bureau of Standards In Washington and the 
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Institute for Numerical Analysis in California, the associated work 

on the "Zephyr" computer in California, and numerous other sub-contracts. 

To obtain a proper comparison with Whirlwind, the total of all this work 

should be compiled and then a comparison made on the basis of technical 

accomplishment. 

Specifications and Status of Whirlwind 

1. Status 

On Fage 53 of th» report the statement, nV)hirlwind I machine, as 

presently envisioned ...." gives a very different impression of the 

machine's physical status than the more descriptive statement on the 

next page: "... the computing elements for this machine are estimated 

to be 85$ complete ...." 

The central control, arithmetic element, test storage, and a 

simple visual output display device have been operating since Septem

ber, 1949. The storage row to complete the basic machine will be 

assembled by about the end of February, 1950, and should be integrated 

into the rest of the machine by May. Storage tubes for this first 

installation are in stock. Block diagrams for the Whirlwind I computer 

were prepared and made available in September, 1947. So far as is 

kno*n this is the only equally complete set of block diagrams available 

for an electronic digital computer. They omitted some parts of the 

machine which are now being included in a revision of the block diagram 

report. 

Because of more careful testing and installation checking as Whirl

wind I is assembled, it may actually operate satisfactorily before other 

machines which are considered by the Panel to be more advanced. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



• H 

Pace 37 

UNCLASSIFIED 
2. Size 

On Page 53 of the report Whirlwind is referred to as a "very large" 

machine. This is probably correct if total floor space is used as a 

criterion. Because the principal objectivo of the machine is operation 

as part of an integrated laboratory, its objectives have dictated a 

machine which is easy to service. Complete access has been provided to 

all machine components. The importance of this accessibility has already 

been demonstrated by the ease Tilth which satisfactory performance has 

been obtained in the parts assembled thus far. There is very little in

formation available on the maintenance of large electronic machines. 

Machines when actually constructed have always turned out larger than 

the original expectations based only on block diagrams prior to availa

bility of circuit schematics and component requirements. 

Considerations other than floor space are important in judging com

puter size. Whirlwind I will have approximately 4,500 vacuum tubes. 

This compares with 18,000 in the ENIAC, 12,000 tubes in the IBM Selec

tive Sequence Electronic Calculator, and 1,500 to 5,000 in the proposals 

for other machines now being designed. 

In considering a machine for real-time computation where speed 

and computing capacity are essential, the moat significant measure of 

size is probably the equipment required per unit of computation accom

plished. This might be measured in terms such as: 

Multiplications par Second 
Figure of Merit » 

Vacuum Tubes in Machine 
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Using figures from the table in the back of the report, this machine 

figure of merit becomes: 

Computer Fieure of Verit 

Whirlwind 10.000 
4,500 

3 2.2 

N.B.S. Zephyr 2.600 
1,900 

3 1.4 

ORDVAC urn 
2,500 

; 1.2 

I.A.S. 2.000 
2,000 

= 1.0 

Raytheon Hurricane 1.200 
3,585 

3 .34 

N.B.S. Interim ?40 
1,200 

• .28 

UNIVAC 330 
4,000 

• .08 

EDVAC 300 
3,500 

a .08 

Harvard Mark III — 2 6 . 
4,939 

3 .02* 

California Digital 
Computer CALDIC 

21 
2,000 

= .015* 

ENIAC 104 
19,000 

• .0055 

* These machines are magnetio drum units, causing the slow 
speed. 

UNCLACSIFIED 

G O N F f l D E N T U E 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



L-16 

UNCLASSIFIED 
Page 39 

3. Register Length 

On Page 53, the report refers to Whirlwind as having "but five 

decimal digits capacity." This refers to the short register length 

of 16 binary digits. A register length this short is to mathematicians 

inadequate for scientific use. It is, however, quite in keeping with 

the objectives of Whirlwind I, which have boen discussed. 

With respeol to rttl-tlM applications of digital oomputers, it 

is significant to note that both in England and the United States some 

fire control systems are beginning to be standardized with binary digit 

data transmission and with a register length in the range of 15 to 18 

binary places. 

For real-time applications the shorter register length is most 

efficient because few of the quantities being handled require more 

accuracy. In the faw quantities where more accuracy is required, multi

ple length computation is quite satisfactory; and where the extra digits 

are not required, the extra storage space is not wasted. The field of 

real-time computation is based OB very different considerations from 

that of scientific computation. The 16 binary digits in Whirlwind are 

probably shorter than will eventually be found optimum. Final systems 

will probably be in the range of 18 to 24. binary places. No real-time 

problem has arisen for either tactical or simulation uses where 16 digits 

does not seem adequate for the basic studies that would be nude with a 

laboratory-based machine. 

To handle scientific computation on a short register machine it 

may often be necessary to use either multiple-length numbers or a pro

grammed sliding scale factor. Both of these admittedly add some 
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inconvenience, but features have been added to Whirlwind to reduce 

this inconvenience. Both multiple-length and sliding-scalo operations 

require enough extra computation so that the extra speed of Whirlwind I 

will be approximately equalised with the acoustic delay line type 

machine. In othor words, nultiplc-length operations may cost a speed 

factor of 5 to 20, but the result still lies far above presently avail

able general purpose computers fcr scientific computation. 

Jin many engineering eumpul/tilxuna wlioia liio nature of the problem 

is well understood, the length of the computation in any one sequence 

is not long, and the primary job of the machine may be of a clerical 

nature, it is anticipated that 16 digits may be useful without the 

multiple length couputation. This remains to be seen.' 

Should it ever become desirable, additional digit columns can pro

bably be added to Whirlwind I by putting two in the space now taken by 

one. Such reduction results from information acquired since Whirlwind I 

was started. 

4. Memory Capacity 

Page 53 of the report refers to Whirlwind I as having "an extremely 

limited cemory capacity." It is not clear why this statement has been 

made. It doe3 not seem to arise from either the objectives of the ma

chine or a comparison with other computers. The total storage capacity 

of a computer can be given in binary digits which are found as the pro

duct of the register length times the total number of registers. Tho 

proper division of total storage between the numbor of registers and 

register length depends on tho application of the machine. For scien

tific rrork a longer register i3 undoubtedly indicated. For real-time 

work the capacity of the machine is determined primarily by the total 
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number of registora available;. The following table is again data 

taken from the back of the report and lists total registers and 

total binary digits in the vurious machines: 

TABLE OF MACHINE STORAGE CAPACITIES 

Total Registers Binary uiglte 

la Operating Eleotronio Machines 

a. ENIAC 

b. IBM - N. Y. Binary Equivalent 
(8 registers electronic and 
tRfl ral air rn»1 "fr>-M^ 

2. Assembled Electronic Maohinos 

a. BIHAC 

b. Mark III** 

3. Electronic Machines Under Construction 

a. VJhirlwind I 

b. Hurricane 

o. IAS 

d. UNIVAC 

e. NBS Interim 

f. NBS Zephyr (not definite) 

g. California Digital (CALDIC)** 

h. EDVAC 

i. ORDVAC 

j. U. S. Naval Computing Laboratory 

20* 

isa* 

660 

10,400 

512 15,360 

4,350 236,000** 

2,048 52*768 

1,152 41,472 

1,024 40,960 

1,000 40,000 

1,024 46,080 

512 
1,024 

10,000** 

20,992 
o r 41,984 

340,000** 

1,024 45,056 

1,000 40,000 

? ? 

* ENIAC and IBII do not store instructions in the high speed internal 
memory so do not need as much capacity as other machines. Cablo 
connected or paper tape inotruotions result in inconvenience and slow
ness of operation. 

** Mark III and CALDIC are magnetio drum machines whioh are intormediato 
between external tape and internal olectronio storage. High capaci
ties are possible at slow access speeds. See Section IV - V on sto
rage evaluation whioh foil 
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Except for the magnetic drum machines, Whirlwind I is in the 

high range of number of registers available. Again excepting the mag

netic drum machines, the capacity of Whirlwind I in total binary digits 

is within the range of other machines and is about 70% of the maximum 

proposed for other machines. 

Based on the studies thus far, the design limit of 2,0^6 registers 

for Whirlwind I is sufficient to handle real-time research in multiple 

aircraft anti-aircraft fire control, in perhaps 50-plane air traffic 

studies, and is adequate for studies in tactical simulation and pre

liminary work in aircraft stability analysis. 

F. Whirlwind Storage Tube Work 

On Page 12, the Panel recommends continuation of Whirlwind storage tube 

research. Elsewhere it comments on the tube on the basis of information which 

has now become obsolete. Some corrections might therefore be indicated: 

1. Special Design 

Page 54 of the report describes the storage tube as being of 

special design. This is certainly true. It is probably to be expected 

of any vacuum tube for a purpose as specialized as information storage. 

The Seleotron is likewise a tube of special design. The closest ap

proach to a non-special tube is found in the work of Williams in England 

where standard cathode tubes have been used experimentally. Even in 

the Williams tube, however, it has been found desirable to use special 

storage surfaces and special tube processing to obtain better control 

than is found in commercial cathode ray tube processing. 

2. Cost of Storage Tube 

In the same section of the report the storage tube is referred to 

as being of very expensive construction. The meaning of this is not 
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quite clear, tieveral standards for measuring cost mij,ht be used. Per

haps costs should be measured against otner vacuum tubes regardless of 

purpose or the cost of the storage tube should be considered relative 

to other storage devices. These possibilities are discussed later. 

a. Comparison of vacuum tubes on an absolute basis depends 

entirely on hot? badly the tube is needed. At present electro

static tubes are the only storage devices suitable for digital com

puter work in real-time problems. Within any likely range, tube 

cost might be unimportant in comparison to military applications 

of the equipment. 

b. With regard to possible redesigns the tube cost can pro

bably be drastically reduced. The first sixteen Whirlwind I 

storage tubes have been constructed (not including research and 

development) for about $2,250 each. This includes all overhead, 

allocatable costs, organizational inefficiencies in setting up 

new model-shop schedules, and so forth. The tube can probably be 

produced now on a model-shop hand-made basis for 31,500 each 

including all proper allocations. 

C For a scale of reference we might compare this cost of 

$1,500 with factory production prices of the following tubes: 

Sale Price 

Dumont 2 gun cathode ray oscilloscope tube 
Electron Tube Corporation U gun cathode ray tube 
S-Band, Tunable, 900 B Magnetron 
Image Orthicon 
RCA Seleotron 

(Unconfirmed second hand inf or .nation. May be 
either model-shop or factory production) 

In comparison to the above production prices, the present model shop 

cost does not seem excessive. 

% 150 
400 
505 

1,200 
1,500 
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d. Perhaps the most significant comparison of storage tube 

costs is on a scale that recognizes performance characteristics. 

Storage capacities, costs, and access time must be included. Cost 

is often improperly quoted on the basis of storage capacity alone. 

If access time were of no importance punched paper tape or printed 

books would be the least expensive storage methods. A figure of 

merit which we miirtit call a performance-unit can be defined for 

comparing storage elements: 

Digit Capacity 
Performance-unit • 

Access Time 

Total capacity can be measured in binary digits. Access time can 

be measured in micro-seconds. Either a higher storage capacity 

or a shorter access timo increases the performance-unit rating of 

the storage. Actually this rating of performance is still unfair 

to the higher speed storage units when they are considered for 

heavy computing loads such as occur in real-time work. Storage 

access time is the primary factor limiting machine speed in present 

machine designs. Cutting access time by a factor of two will in

crease machine speed by almost the same factor. In military sys

tems this may mean that only half as much computing equipment 

would be required in a given problem and that the entire cost of 

a second machine could be devoted to increasing the storage speed 

of the first. This latter interpretation will not, however, be used. 

One might compare the cost per performance-unit for the three 

major types of machine storage: magnetic drums, acoustic delay 

lines, and storage tubes. Since the lives of drums and acoustic 

rnl If l.\i, UNCUSSIFIF 
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lines are probably longer than for tubes, it will be necessary to 

include the cost of storage tube replacement. In the comparison be

low, a five-year period has been assumed. The cost of providing re

placement storage tubes for a five-year interval will be Included, 

and it is assumed that the other types of storage are either worn out 

or obsolete by that time. The estimates which follow include the 

initial cost and five-year maintenance of the associated control cir

cuits, aiagneiic drum costs and acoustic line ptirehase costs are based 

on estimates obtained from manufacturers of such equipment. The 

electrostatic tube figures are based on estimates of a 2,000 hour 

tube life, an initial cost of $1,200, and the ability to re-process 

a tube once for an additional 2,000 hour life for $200. It is as

sumed that 32 such tubes are in the installation and that five years 

represents 10,000 hours of operating time. 

Magnetic Acoustie Electrostatic 
Description Drum 

120,000 

Line 

43,000 

Tube 

Total Binary Digits Stored 

Drum 

120,000 

Line 

43,000 32,000 

Access Time in Micro-Seconds 16,000 150 10 

Number of Tubes In Associated 650 700 800 
Control 

Yearly Cost for Maintenance of I 3,000 $ 3,000 $ 5,000 
Control 
5-Year Cost for Maintenance of $15,000 $15,000 $25,000 
Control 
5-Year Cost of Original and 
Replacement Storage Tubes $112,000 
Cost of the Acoustic Tank $ 2,000 

Cost of Storage Control $28,000 $115,000 

Original Cost of Magnetic Drum $25,000 
Unit and Control 

5-Year Cost for the Installation $40,000 $45,000 $252,000 

f FM/̂ J A^Clprr> 
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The following table derived from the above figures shows how the 

cost per stored digit differs from the cost per performance-unit 

which accounts for the importance of speed. 

Cost Per Cost Per 
Dig*t Performance Unit 

Magnetic Drum SO.33 $5,300. 

Mercury Line 1.05 157. 

Electrostatic Storage Tube 7.90 79. 

This table shows that although the cost per digit for electrostatic 

storage is relatively high the performance cost in high speed work 

is much reduced. Depending on the nature of the real-time appli

cation the importance of high speed computation might be weighted 

even more heavily in favor of a high speed storage system. 

3. Availability of Tubes 

The report states that much remains to be done before the storage 

tube can be considered a satisfactory element of high speed memory. 

Certainly a great deal of work remains to be done before an optimum tube 

for military use is developed. With regard to Whirlwind I requirements, 

16 tubes are now on hand for initial installation. Work should be con

tinued to get higher speeds and greater densities for future require

ments. In addition, development of storage tubes should be supple

mented by research into other types of high speed storage which might be 

more compact and durable for military use. 

U. Storage Capacity 

The report comments correotly that the maximum storage capacity 

at the time of the Panel visit was 256 digits. Since that time means 
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have been found for using the same tubes at somewhat higher densities. 

A slightly different tube has been operated in the laboratory for short 

periods of time with a capacity of 1024 digits but it is not considered 

ready for computer use. A tube storing 256 digits is entirely adequate 

for all initial work with the Whirlwind I computer. Higher density 

tubas can be expected by the ties they aro required. Incidentally, 256 

digit capacity is the same as the RCA Selectron tube. 
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V. SUCCESSIVE DISCUSSION OF REPORT REFERENCES TO WHIRLWIND 

The following comments discuss In order those parts of the report 

relating spec i f i ca l ly to Whirlwind. General aspects of the report are 

covered i n a separate memorandum (L-17). 

(Page 1, paragraph 1) 

Among the various objectives of the Panel i t would appear that 

not enough attention has been given to comparing probabilit ies of 

completion, current status, and objectives of the various projects to 

properly evaluate Whirlwind work. 

(Page 3, Section 1.2) 

The Panel has l e f t out of I ts consideration at l eas t two computer 

projects which are necessary for a proper correlation of Whirlwind with 

the national ac t iv i ty . These are the U. S. Naval Computing Laboratory 

operated by Engineering Research Associates and the BINAC computer. 

(Page 4, paragraph 2) 

Education of the builders and users of real-time dig i ta l equipment 

i s an Important outcome of Whirlwind work. 

(Page 4, paragraph 3) 

The statement that the Harvard Mark III i s completed may be pre

mature since I t i s not yet operating. 

(Page 4, las t paragraph) 

Evaluating the usefulness of high-speed computers in untried f ie lds 

i s an important part of Whirlwind work. 

(Page 8, Section 2 .2 .2 ) 

This Is a good and important recommendation regarding real-time 
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work and nearly all the recommendations are being pursued to a greater 

or lesser extent by Project Whirlwind. 

(Page 8, Section 2.2.6) 

Whirlwind should qualify under the new and unique fundamental 

approach to machine design. 

(Page 9, Section 2.2.6 (3)) 

Project Whirlwind seems to have a well-defined objective of value 

to the Military Establishment and this objective Is carefully and 

thoroughly stressed in many of the general sections of the Panel report. 

(Page 9, Section 2.2.6 (6)) 

The recommendations against elaborate auxiliaries may be directed 

against Whirlwind but have been discussed In Section 17. 

(Page 11, Section 2.5.5) 

It Is hard to understand how the Panel missed the relationship of 

Whirlvind to real-time problems in which the Panel is apparently much 

interested. The objectives of the Project are discussed in Section IT. , 

(Page 11, Section 2.3.6 (2)) 

The Panel asks for definite specifications for Whirlwind I. Definite 

specifications exist and appear in reports of the project and of OHB. 

The Panel may reach the wrong conclusions by thinking of single end uses 

for computers rather than their application to certain classes cf 

problems. The Panel has recognized two classes of machine application, 

one to computation and one to real-time problems. The specifications 

for most digital computers fit the former classification, the specifi

cations for Whirlwind fit the latter. 
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(Page 12, Section 2.3.5) 

The development of computer components completely divorced from 

an actual digital computer Is discussed in a separate memorandum. 

It seems improbable that really effective work can be done In the 

general field of computer components unless there Is specific Incentive 

and motivation created by an Important application. The considerations 

here are much the same as pointed out on page 21 under the heading 

"Stlmulitiiw of Theoretical BaMMflh." 

(Page 14, last paragraph) 

The Panel points out the Importance of real-time work such as 

that being done by Project Whirlwind. An Important division of real

time computing, the field of digital simulation, Is not Included In 

the Panel report. 

(Page 17, Section 3.2 (3)) 

The Importance of system research and work In real-time computation 

Is again stressed here. 

(Plage 18, Section 3.2 (6)) 

This Panel recommendation relates to adequately staffed computing 

groups and apparently applies to the field of scientific computation. 

No specific recommendation is included in the report for maintaining 

laboratories for the real-time research recommended by the Panel. 

(Page 18, Section 3.2 (?)) 

The training of personnel in the field of digital computation is 

an important result of the Whirlwind program. 

(Page 18, Section 3.2 (8)) 

Information for military command and administrative orientation 
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In digital computation can come only from groups working actively in 

the field. Several laboratories can provide this information for 

scientific computation but much of such information In the field of 

tactical problems and simulation by digital computers is originating 

at Whirlwind. 

(Page 21, Section 3.2.2) 

The Panel here makes a very important point about the stimulation 

of theoretical research and this applies to the availability of 

Whirlwind I at MIT. The resulting theoretical research should be of 

great importance to the Military Establishment. 

(Page 22, Section 3.2.3) 

The first paragraph points out that future plans for digital 

computation depend on the determination of possible performances. 

Thio is an important part of the Whirlwind computer program. 

(Page 22, last paragraph) 

The Panel is placing some dependence on information to be obtained 

from tests on the more advanced computers. This would appear to Include 

Whirlwind. 

(Page 25, 2nd paragraph) • 

The Panel recommends step-wise computer development depending 

only on well known and developed components. While this may be satis

factory with respect to scientific computation, it Is hardly possible 

(because of required speeds) if any serious Immediate work is to be 

done on military tactical problems. With respect to Whirlwind, the 

computer might be thought of as one step In a step-wise development, 

where the computer la a component for real-time system research. 
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(Page 25, Section 3.2.5) 

The report stresses the need for complete engineering design in 

prototype systems selected for duplication. It points out that grave 

faults exist in systems completed to date because of lack of reliability 

and frequent failure. They might in fact go further and stress that 

good engineering design is necessary if reliability' is to he achieved, 

even in systems not scheduled for duplication. 

(Page 26, Section 3.2.6) 

The importance of establishing computing groups is recognized. 

This i s a by-product which can be obtained from the basic Whirlwind 

program. 

(Page 29, paragraph 1) 

As Whirlwind I nears completion, the MIT educational program in 

the d ig i ta l computer f i e ld Is being expanded. As the Panel recognizes, 

such a program could not be established in a vigorous and healthy way 

without the avai labi l i ty of an actual computing machine. 

Beginning in the f a l l of 1950, MIT w i n probably have almost a 

fu l l program of master's degree study in the f ie ld of digital computation. 

(Page 31, Section 3 .2 .9) 

• Continuity Is recognized as being of great Importance. This i s 

certainly true and must be recognized i f a healthy d ig i ta l computer 

program is to be maintained. 

(Page 34, Section 4.2) 

The Panel suggests that the present program does not include 

sufficient emphasis on real-time computation. This is probably true. 
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It Is not however apparent from the report that the Panel realizes 

the extent of Project Whirlwind work In this area. 

(Page 35, paragraph 1) 

The concentration of component development In agencies having 

computer contracts is criticized. This seems to Indicate a lack of 

"eystez cossciousaces." It le doubtful that a proper component 

development program can he maintained without close Integration with 

computer work. This is discussed at greater length in another memo

randum (L-17). 

(Page 35, paragraph 4) 

Project Whirlwind is working on interconnection of digital and 

analog equipment as recommended. 

(Page 37, Section 4.4.2) 

The recommendation for changing the location and application of 

the Mark III computer typifies the fleeting nature of definite computer 

end use plans. 

(Page 39, Section 4.4.7) 

There has 'been no necessity for technical changes In direction 

or specifications In Whirlwind as a result of the contract transfers 

from one branch of the Ilavy to another. These changes have required 

a certain amount of staff time for coordination and liaison hut, other

wise, have had no effect on the Whirlwind work. 

The second paragraph relating to no definite end use is discussed 

under Project objectives in Section IV of this memorandum. It is true 

that no contracts exist for the end use of the equipment and this Is 
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the point which was discussed with the Panel. It is time that such 

contracts he worked out to give continuity to the project work into 

the next fiscal year. At the time of their visit it appeared to he 

the intention of'the Panel to encourage the establishment of a budget 

and plans for this computer application work. 

The report states that the scale of Project Whirlwind is out of 

proportion to the effort being expended elsewhere. This raises the 

question of what Is a proper reference. Should scale bo referred to 

other projects or the needs of the Military Establishment? Elsewhere 

the report stresses the insufficient Military Establishment program 

in those things which Project Whirlwind Is doing. If a relative scale 

for Whirlwind work is desired, It might be better to find It in the 

larger digital computer program of Engineering Research Associates, or 

the Mark 65 and other advanced fire control systems, or the work In 

missile defense and aircraft intercept centers, or in the applications 

of digital computers to air traffic. These have all been discussed in 

Section 17. 

(Page 40, Section 5.1) 

The Panel apparently likes the clear statement of Project Hurricane 

objectives. Whirlwind had similarly clear objectives in its Inception 

but these have changed and broadened with time. The Panel is here com

paring a machine near completion with one In a much earlier stage of 

development. 

(Page 47, paragraph 2) 

The Panel here recognizes the computers slower than Whirlwind as 

being too slow for real-time computation. 
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(Page 50, Section 5.6) 

The problems surrounding the EDVAC illustrate the difficulties 

which are encountered when the Military Establishment approaches the 

present state of the digital computer field as if computers were end 

products for which pure machine construction contracts can be written 

divorced from research, development, and continuity into machine 

application. 

(Page 52, Section Btl) 

The original Intent of Project Whirlwind was the aircraft analyzer, 

not, as stated, the development of tactical simulation equipment. 

(Page 53, paragraph 2) 

The report recognizes here the extensive work required In the 

development of circuits and unique computer components. 

(Page 53, paragraph 3) 

The Interest of the Special Device* Center in tactical problems 

was more an addition to Whirlwind possibilities than a change in speci

fications. It did not create any change In Whirlwind I specifications. 

(Page 53, paragraph 4) 

The Interest in general scientific confutation has likewise been 

an addition to Whirlwind possibilities without resulting In changes in 

technical specifications. 

(Page 53, last paragraph) 

The term "presently envisioned" hardly implies the same thing as 

the actual machine status referred to on the next page as "85 percent 

complete." The size of the machine, Its register length and its memory 
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capacity are discussed In Section IV as well as plans for Input-output 

equipment. 

In considering terminal equipment the Panel may not be giving 

proper weight to the different approach followed in Project Whirlwind 

where the basic computer was designed first, followed by detailed design 

of terminal equipment, whereas many other projects have built terminal 

equipment first, leaving the computer itself till the last. 

(Page 64, paragraph 1) 

The report states that the scheme for input-output depends on 

intended use. This should be interpreted to mean that actual purchase 

and construction of equipment will In many cases await definite con

tract commitments and budget. The general scheme for how various kinds 

of terminal equipment will be used is well known. 

The end of the first paragraph refers to absence of a specific 

computing project assignment for Whirlwind I. This is discussed in 

Section 17 under Project objectives. It is probably premature to say 

exactly what computing will be assigned to any of the other machines at 

the time they are completed. 

(Page 54, paragraph 2) 

At the time the Panel visited the project only a prototype storage 

tube was available. The required 16 tubes for initial installation are 

now In stock. The tube is of a special design but by any applicable 

vacuum tube standards, is not unduly expensive. Cost is considered In 

Section IV. The tube la now considered satisfactory as an element of 

high-speed memory. It still, however, requires final proof In an actual 
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operating computer as do nearly a l l other modern computer storage 

systems. Much remains to be done only in the sense that the tube can 

be improved s t i l l further in capacity and speed and in so doing, w i l l 

become s t i l l more valuable for real - t ime computer app l i ca t ions . Maxi

mum storage capacity of the tube has been increased since the Panel 

' i s i t e d . 

(Page 54, paragraph 3) 

The scale of tho project is again referred to with respect to 

other projects rather than with respect to the Importance of the results 

of the project work. 
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