


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































12.3

Laboratory's part of Lincoln's program remain at Cambridge until
the computer his group was to design especially for air defense
had been assembled or put "into initial operation." This, he
estimated, would not be until 1954.5

When Project Lincoln was first organized by MIT, responsi-
bility for digital computer research and development had not been
assigned to it. Second thoughts, however, added it to Lincoln's
program, and six months later those operations and staff members
of the Digital Computer Laboratory concerned with Whirlwind I and
its application to air defense were incorporated as "Division vI"
into Lincoln Laborat:ory.6 Consequently, Jay Forrester came to
wear two hats: one as director of MIT's Digital Computer Labora-
tory, the other as head of Lincoln Laboratory's Division VI. In
the latter capacity, he was responsible for Whirlwind's participa-
tion in the Cape Cod esperimental system and for the design and
construction of a digital computer possessing the characteristics
"desired for a future operational air defense system."7

Forrester and his colleagues within Division VI had four major
tasks facing them from the outset: (1) the organization of the
Division and the formulation of guidelines for its relations with
its parent organization, Lincoln Laboratory; (2) the design, con;
struction, operation, and expansion of the Cape Cod system in coop-
eration with Division II; (3) the design and construction of a
prototype air defense computer and its ancillary equipment, with

the necessary concomitant research and development; and (4) the
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selection of an industrial source for production of the air defense
compuﬁer. All four tasks were pursued concurrently during the
closing months of 1951 and throughout 1952-53.

Administratively, Division VI was divided into six groups,
each charged with a specific responsibility within the overall
program. Group 60, under the direction of Harris Fahnestock, was
responsible for administrative services. Group 61, under C. R.
Wieser, was responsible for the Cape Cod system. Group 62, under
Norman Taylor, bore the responsibility for the design and construc-
tion of the projected air defense computer. Group 63, under D. R.
Brown, was responsible for magnetic materials. Group 64, under
S. H. Dodd, was responsible for the maintenance and improvement of
Whirlwind I. And Group 63, under Pat Youtz, conducted the electro-
static storage tube development program.8

Later, the Sage System Production Coordination Office and the
FSQ-7 Systems Office were organized within the Division. The Pro-
duction Coordination Office maintained '"liaison with industrial and
military organizations outside Lincoln" and acted "as the coordina-
tion agency for Division VI portions of SAGE system planning and
implementation, thus providing suitable direction and control of
the program with respect to Lincoln's over-all responsibility for
the system."” The Systems Office maintained coordination with the
International Business Machines Corporation, which subsequently
became the manufacturer of the production model of the air~defense

computer, the FSQ-7.9
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To a very great extent Forrester and his engineers enjoyed
the same independence and freedom of action within Lincoln that
they had enjoyed when attached to the Servomechanisms Laboratory.
Although nominally attached to the Laboratory, Project Whirlwind
had been virtually self-sufficiént and independent. This was
especially true after the Project had so expanded in size that it
became necessary for it to be physically dissociated from the
Servomechanisms Laboratory and to move to separate quarters in the
Barta Building. Here the Project established its own shops and
maintained its own service crews, an autonomy acceptable to Nat
Sage's Division of Industrial Cooperation, which administered the
contract. Thus, the freedom of action permitted by Nat Sage in
technical matters had also been permitted by Nat Sage in administra-
tive matters. The cumulative effect confirmed Forrester's desire
and belief that Project Whirlwind was actually, if not contractually,
a free agent.lo

During 1951 and 1952, prior to the physical integration of
Project Whirlwind into Lincoln Laboratory, Forrester and Everett
worked with the parent organization as Forrester had previously
worked with ONR. No members of the Whirlwind staff, for example,
attended Lincoln's meetings. So from the start, Division VI estab-
lished a pattern of autonomous behavior within Lincoln Laboratory,
and it was a pattern which persisted throughout the Division's
association with Lincoln. Even after Forrester's departure in

1956, Everett as the new director continued the semi-autonomous and



12.6

highly individualistic role until the Division was separated from
the Laboratory in 1959 to form the MITRE Corporation.

When the Division finally moved physically to the Laboratory's
new quarters at Hanscom Air Base in the Bedford-Lexington area of
Massachusetts, the giant Whirlwind I computer was left behind in
the Barta building on the ﬁIT campus{ The Division took its service
organizations with it, however: the print shop, machine shop, pur-
chasing office, etc. These services duplicated those already pro-
vided by the parent Lincoln organization, but Forrester and his
associates refused to disassemble the smooth-functioning organiza-
tion they had created at MIT as Project Whirlwind. There were those
within Lincoln who were irritated by this display of independence.
and saw it simply as a determination to continue going "first class"
regardless of the added cost. But there were also those who took
advantage of the efficiency which the additional facilities and
services offered. Among the latter was George Valley, head of
Division II, who when in need of immediate assistance would resort
to the Division's supporting facilities.

At the same time that Division VI remained as highly indivi-
dualistic as Project Whirlwind had become, continuing to do business
its own way, it worked effectively with the radar engineers in
Division II. The latter, under the direction of Valley, were
responsible for aircraft control and warning and possessed a
special competence and experience, which Whirlwind's personnel
lacked, to set up the preliminary, experimental, Cape Cod system

employing several radar stations to feed data into Whirlwind I.
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This particular kind of practical application of the general-
purpose computer, of which Whirlwind I was the first example,
required dimensions and directions of techmnical electronic knowledge
and experience that Project Whirlwind personnel had never acquired
and very likely could not have mastered in the brief time that
development schedules allowed. The engineers took this situation
for granted, and there was from the start the view that such pool-
ing of resources and talents as Division II and Division VI pos-
sessed was the natural course to pursue. It was the efficient way
to proceed, and it became the way they all successfully proceeded.

In this respect then, Whirlwind was not ruggedly independent.
Rather, its independence manifested itself in the group's self-
resourcefulness and daily conduct of its affairs. Although later,
by the move from the MIT campus to Lexington, it lost the injection
of the rich new blood that had been contributed by the graduate
students, who had contributed so much to the &lan and the resource-
ful operations of Project Whirlwind, the Project's way of doing
things had already become firmly established, and it persisted for
some time, even without a continuing supply of graduate students,
in maintaining its special character and vitality against the
pressures imposed by the more conventional organization of Lincoln.

Two of the four major tasks facing the administrators of
Division VI were of vital importance to the over-all program of
Lincoln Laboratory, for unless they were successfully completed,

the program could become a total failure. These two tasks were the
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construction, operation, and evaluation in cooperation with Divi-
sion II of the Cape Cod experimental system, and the design and
construction of a next-generation high-speed digital computer that
would possess the characteristics "required for an operational air
defense system."12 The Cape Cod experimental and evaluation system
recommended by Project Charles was a natural extension of the
earlier system established for the tests run by ADSEC. The Cape
Cod system was designed to test a multiple-radar metwork linked to
Whirlwind I; the total system would collect and process data and
would guide and control defemsive countermeasures taken.

As an experimental system, Cape Cod served several purposes:
it developed 'system concepts for a high-track-capacity system;"”
it permitted new components to be tested in an operating prototype
of the air defense system envisaged by ADSEC and Project Charles;
it furnished data and other information necessary to the prepara-
tion of "specifications for digital computers designed specifically

for air defense;" and it permitted verification of the "soundness

of the whole concept by experiments using live radar data and con-
trolling live aircrafto"13

Division VI's responsibilities for the éape Cod system included
"air defense center planning, autom%tic information processing
(including data screening and automatic tracking), the computation
of control orders for weapons, and the provision of the digital

equipment necessary in the air defense center." These responsi-

bilities fell mainly upon Groups 61, 64, and 65.14 When work upon
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the system was commenced by the groups concerned, it was antici-
pated that the program would consist of three parts: '(1) Con-
struction and operation of a three-radar network; (2) construction
of a l4-radar network; and (3) planning for a future operational
system."” The first part, which was scheduled for completion during
fiscal year 1952, called for expansion of the single~-radar system
with which the Valley Committee had conducted its successful inter-
cept experiments in the spring of 1951,

Throughout fiscal year 1952 the primary objective was "aimed
at learning how to track an aircraft through a network of radars

' in order to gain the knowledge and

having overlapping coverage,'
experience necessary to implement the second part, expansion into

a l4~-radar network. The hope was that by July of 1952 the larger
network would be under construction and that in the course of the
year, Whirlwind I would be sufficiently improved technically, by
the installation of magnetic drums, to expand the computer's capa-
city to handle the requirements of the full Cape Cod radar net.

If this schedule were met, then it was anticipated that prior to
June of 1953 the Division would be able ''to commence operation with
the l4-radar network with automatic data-handling capacity for data
screening, automatic track-while~scan, and the control of a large
number of aircraft."15 Realization of these plans was of extra-
ordinary importance to the total air defense project, for in addi-
tion to laying the groundwork for an expanded experimental system,
the initial efforts would permit the military to evaluate the con-

cept even as it was in process of implementation.l
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Military evaluation of the project was more important than it
appeared to be on the surface, for even while Project Lincoln had
been in the process of organization by MIT and the national mili-
tary establishment, another air defense program had been under way
at the Willow Run Research Center of the University of Michigan.
This was a program similar in goal,vbut different as to the pro-
posed method of attainment. The competition between the two pro-
grams could be "sticky," not solely because of the impact upon the
educational institutions involved, but also because the situation
reflected the competition between the Rome Air Development Center
at Rome, New York, and the Air Force Cambridge Research Center at
Cambridge, Massachusetts. Both were Air Force agencies, but both
were striving to become preeminent if not dominant in air-defense
research and development and in the concomitant area of military
electronics. Furfhermore, the competition was not divorced from
politics. Political representatives of the two regions concerned
sought to keep the program, since it held great potential for
economic growth and stability. Industry also did not remain
uninvolved, although the concerﬁ there was less narrowly regional.
The International Business Machines Corporation became involved
eventually in Lincoln's program. General Electric had expressed
interest in the program conducted at Willow Run.17

The problems raised by the competing programs were finally
resolved in 1953 by the decision to terminate the University of

Michigan's program and concentrate the whole effort upon the
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centralized concept then under development by Lincoln Laboratory
and the Cambridge Research Cem:er.‘18 There were the unavoidable
mutterings that the decision had been politically motivated, and
it would be naive to assume that political and economic pressures
played no role. Nevertheless, the feasibility of the concept
Lincoln was implementing had been demonstrated by the experiments
first conducted for ADSEC and then expanded under Divisions II and
VI of Lincoln Laboratory in the Cape Cod system. In comparison,
the Michigan system had 'not been demonstrated as successful."19

By March of 1953, the Cape Cod system, though incomplete, was
supplying "valuable experimental data from existing equipment.”

The nucleus of the system was the network which had been put to-
gether for the ADSEC experiments, but two smaller radars located

at Rockport and Scituate, Massachusetts, using slowed-dowm-video
data transmission links, had also been used in some tracking tests.
The data generated by the radars were fed into Whirlwind I. The
computer processed the information and provided "vectoring instruc-
tions for mid-course guidance of manned interceptors and . . .
special displays for people who monitor and direct the operation of
the system."

The information and experience gained from such tests, using
"live aircraft, live radar, and an operating computer' proved
immensely '"valuable in planning an advanced air defense system."20
By December of 1953, the system was operating with a large radar

set (FPS-3) located at Truro and two gap-filler radars. The data
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provided were processed automatically by Whirlwind I, which was
able to "carry the tracks of as many as 48 aircraft," and guidance
instructions were transmitted to intercepting aircraft.21 Although
. by December, the "electronic systems and the programs' were func-
tioning smoothly, good radar data were still lacking.22
The role Whirlwind was able to play in these exercises by the

end of 1953 hinged crucially upon the progress that had been made
in magnetic-core development work since Papian had built his first
2 x 2 planar array of cores in the fall of 1950. During 1951,
efforts were continued to obtain core material that would hold its
polarization in spite of electronic system "noise' and that would
switch rapidly from one state to the other when required. A 16 x
16 array of cores in one plane was constructed in order to test and

observe the effects of "noise,"

of the switching of nearby cores,
and the running of program patterns through the array. By the end
of 1951 "a fair demonstration of the practicability" of the arrange-
ment had been achieved: "error-free operation for periods of con-
siderable(iﬁfferences in the characteristics of the 256 cores used
in the array.23 The cores continﬁed to appear promising, indeed,
yet they were still far from achieving the operating standards
required. |

The addition of a second bank of electrostatic storage tubes
to Whirlwind at this time increased its storage capacity by 1024

registers without adding to storage access ti.me.z4 But experience

during 1952 with the new tubes revealed that contradictory to
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earlier judgments the internal-storage problem was not yet out of
the woods. The new bank of tubes possessed a larger storage
density of 32 x 32 registers, compared to 16 x 16 in the first
bank. Unfortunately, they were by no means trouble-free. New
"400-series" tubes replaced the 300-series tubes to no avail. By
April 1952 the decision was reluctantly made to hold up adding any
more banks of tubes of the new design, and immediate plans to
replace the 16 x 16 tubes in the original bank were suspended. New
500-series tubes were being manufactured as fast as possible, but
it would take time to increase production sufficiently to maintain
an adequate stock of reserves, even if these did prove reliable.
"A large fraction of Whirlwind operating time" was being devoted to
maintenance and special checking of the installed storage tubes.
Furthermore, the limited supply of replacement tubes available
indicated it would be risky to put Whirlwind on a 3-shifts-a-day
schedule, even though applications programs were stacking up as
the demands grew for more machine time.25
In the meantime, Papian and his assistants were constructing
and testing another 16 x 16 planar array of cores composed this
time of non-metallic ferritic material ;nstead of rings of thin .
metal ribbon wound on itself to form a doughnut. In May of that
same year (1952) it became clear that the switching speeds were
approximately twenty times faster than with the metallic cores--
down to one microsecond or less. So promising was the performance

of the non-metallic ferrites by July that Forrester, Everett, and
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their engineers made the decision to build 32 x 32 arrays and stack
them sixteen-high, in a true three-dimensional aérangement.

Since Whirlwind was by then in heavy demand for preliminary
Cape Cod and other applications, it would not be possible to use it
to test the 16,384-bit core memory, comprising 1,024 registers,
which was then being built. The design of Whirlwind's operating
units had long since become standardized, however, so the solution
most practical to the engineers was to turn out a semi-copy of
Whirlwind--another computer to test the magnetic storage. So the
"Memory Test Computer" came into being as a concept during the
summer of 1952, and construction of this machine--more modest in
its size and capacities than Whirlwind--proceeded into the fall,

By November Forrester and Everett committed themselves fully to

the use of non-metallic ferrites for the Memory Test Computer's
storage bank. The following May 1953, the Memory Test Computer was
operating sufficiently well to demonstrate the "highly reliable
operation of a 32 x 32 x 16 magnetic ferrite storage."

To Forrester that summer the performance of the new core
storage meant the end of his search for a practical internal storage
element. Electrostatic storage tube manufacture and development
were abruptly halted as soon as it Qas clear that Whirlwind would
receive a core-storage unit-in-being, and on August 8, 1953, the
first bank of core storage was wired into Whirlwind. A second bank
of cores went in on September 5., Access time had dropped from 25

microseconds for tube storage to 9 microseconds for the magnetic
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cores.26 But best of all, the chronic, incurable maintenance
troubles and the high costs of tube manufacture were at an end.

A brief valedictory in behalf of electrostatic storage was
nevertheless in order; the Summary Report pointed out that Whirl-
wind "could not have reached its present state of development with-
out ES. No other form of high-speed storage was available when
Whirlwind I was put in operation."27 Four. years had passed since
Forrester had set Papian to work on the magnetic core development
project, sorting, testing and analyzing the electromagnetic pro-
perties of the tiny rings.

Also during those four years Whirlwind had found a mission
and was about to spawn a successor that would take advantage of
advances in the electronics state of the art since Whirlwind had
been conceived. Long before the end of 1953 Forrester's engineers
had begun to consider the parameters the new defense computer
should have. The Cape Cod tests added valuable data and experience.
All of these would be of assistance in designing and constructing
the computer to be used in the projected continent-wide air defense
system.

Existing computers, including Whirlwind I, were "suitable for
studying the digital control of air défense," but they did not
possess the unique characteristics necessary to an air-defense
system. Moreover, the design and construction of an air-defense
computer was urgent; national security required the "availability

of an improved Air Defense System' as promptly as possible.28
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The question, before the end of 1951, was not "whether to build a
machine or not, but rather to build the best machine possible,
considering speed, cost, capacity, and complexity."29 In conse-~
quence, concurrently with the construction and operation of the
Cape Cod system, Division VI, primarily through Groups 62 and 63,
embarked immediately upon a research and development program
pointed to the construction of an air defense computer, utilizing
primarily its persommnel in Group 62 and Group 63.30 This computer
was first thought of as "Whirlwind II," then it became the "XD-1"
and finally the "FSQ-7."

In its approach to the research and development program which
resulted eventually in the FSQ-7, Division VI operated upon three
premises. First, Project Charles' recommendation for an "improved
air defense system using a digital computer information center"
had to be implemented and realized "as soon as practical." Second,
no contemporary digital computer could be more than a "laboratory
model” for the proposed system. An advanced design was needed
which would "improve reliability, reduce maintenance, be tailored
to the air defense application, and incorporate the necessary
facilities for the required terminal equipment." Third, the Digital
Computer Laboratory would furnish the "key personnmel and ba;kground
experience for the estimated design program."31

In a series of meetings held in the fall of 1951 to plan and
schedule the research and development program for the air defense

computer, those members of Division VI participating decided that
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the computer should be fast, flexible, and reliable. It should be
as fast as, if not faster than, Whirlwind I. It should possess a
register length of 24 bits. The use of marginal checking, magnetic
cores, and transistors was considered in order to achieve maximum
reliability, even though sufficient perfection in the manufacture,
reliability, and techniques of using transistors and magnetic cores
still lay ahead at the time of the discussions. Reliability was so
important, the conferees believed, that they even considered the
installation of additional machines in the command and control
center, to be available as an instant reserve. A general-purpose
computer was essential, since flexibility was another major require-
ment. The time estimated to complete the program was three years.3
By January of 1952 the design staff for Whirlwind II was in
process of organization. It was anticipated that the first half of
Fiscal Year 1953 would be spent in determining and establishing the
air-defense computer's characteristics and selecting its components;
the second half of the year would be devoted to its design. Four
major areas of concentrated effort were scheduled: '"(1) a study of
new components and circuits, (2) the determination of optimum
machine logic to utilize these new tecﬁniques, (3) the development
of new magnetic materials for reliable high-speed storage and for
switching purposes, (4) close liaison with the Cape Cod System to
formulate the computer characteristics peculiar to air defense data

processing."33



12.18

A problem of primary importance which beset the leaders of the
Digital Computer Laboratory and of Division VI from the outset and
which possessed special significance for Groups 61, 62, and 63
responsible for the Cape Cod system and Whirlwind II, was the
shortage of personnel trained and experienced in computer technology.
The problem was acute enough in itself, but it was further compli-
cated by the rapid physical and organizationdl expansion of the
Digital Computer Laboratory as it sought to meet its responsibili-
ties not only to the Air Force, but to the Navy and MIT as well,
for as Whirlwind I had become operational, programs other than
those in air defense were also assigned to it.

To cope with these complications as they bore upon Division VI;
Everett and Fahnestock recommended that regularly scheduled formal
meetings of group leaders and laboratory chiefs be instituted.

Such meetings, they reasoned, would keep the leaders aware of the
activities going on within other groups, permit critical analysis
of the program, and assist in the assignment of personnel and job
priorities. The Friday afternoon téas which in the days of Project
Whirlwind had provided those attending a pleasant and informal
means for keeping abreast of the program were no longer sufficient.
The responsibilities of the Digital‘Computer Laboratory were just
too complex, too great.34

The first meeting held on March 26, 1952, considered the
seriousness of the shortage of experienced personnel and the impact

of the shortage upon the Whirlwind II and Cape Cod programs in
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particular. Norman Taylor, responsible for Whirlwind II, predicted
that the schedule established for the design and construction of
the production model of the air defense computer would prove
"unrealistic," for of the twenty-three members of his group, only
four, excluding D. R. Brown and Taylor himself, had any previous
experience with Whirlwind I. Requesting the transfer to his group
of one or two more men possessing Whirlwind I training, Taylor
estimated that even if all effort were taken off Whirlwind I, com~
pletion of Whirlwind II would not be accomplished until January 1,
1956, two years later than scheduled. If Whirlwind I personnel
were not used, then completion of a production model would be
extended another two years.

In response to Taylor's predictions and pleas, Steve Dodd,
head of Group 64, argued that a similar lack of experienced person-
nel would interfere with and delay the planned ﬁrogram for the
improvement and enlargement of Whirlwind I. Whirlwind I had been
considered a "training ground for Whirlwind II," but already the
requirements for the former's program had increased "faster than
the training;" consequently, no surplus‘of personnel existed for
transfer. Furthermore, he warned, dilution of "the effort on
Whirlwind I and Cape Cod might easily push Whirlwind I out to the
original time estimates for Whirlwind II." Forrester concluded
the discussion by recommending that the problem be taken under

consideration and investigated further by Dodd and Wieser.35
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The conclusions reached by Dodd and Wieser were.presented at
the group leaders' meeting of June 9. Dodd, acting as spokesman,
told his colleagues that "no experienced staff could be transferred
without seriously cutting into the Cape Cod program."36 This could
have been particularly damaging to the over-all program, especially
if Wieser's earlier warning--that the Cape Cod system would be
"running too late to be of any use in affecting decisions in the
design" of Whirlwind II--proved accurate.37 Forrester's decision,
given at the end of the meeting, was that a transfer of experienced
personnel from Group 64 to Group 62 would not be in "the best
interests of the laboratory." Consequently, Taylor was required to
train his own men and to make his assignment accordingly.38

The fourth major task which faced the directors of Division VI
was the selection of a manufacturing source for the air defense com-
puter. From the middle of 1951 on, analyses were undertaken and
applications from qualified manufacturers were solicited, informally
at first. Ultimately, the Air Force placed the International
Business Machines Corporation under contract. From the outset of
contractual negotiations, IBM had'preferred a prime contract. This
view was shared by MIT because the Institute's administratiop was
loath to expand its budget throughr"additional funds for large sub-

contracts."39

On the other hand, the Cambridge Research Center,
representing the Air Force in the day-to~day negotiations, believed
that a prime contract was impossible at the start because revised

Air Force regulations made difficult if not impossible the
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justification of IBM as a ''sole source.”" Consequently, John
Marchetti, speaking for the Center, recommended a temporary sub-
contract with Lincoln Laboratory.ao

Although MIT and IBM pressed the matter as a matter of prin-
ciple, using it as a means of inducing the Air Force to ease its
contractual proc:.edv.tres,l"l both ultimately accepted a sub-contractual
relationship which, it was anticipated, would within a matter of
months be replaced by a prime contract between the Air Force and
the Corporation. Marchetti, however, made very clear the Air
Force's intent to have MIT bear primary responsibility for the
program, for it would "continue to monitor the prime contract' even
after the Air Force had taken over with "production money."42

On October 27, 1952, the Institute issued to IBM a Letter of
Intent under the terms of which the Corporation commenced a coop-
erative project with Lincoln Laboratory. The contract was ultimately
to involve the Western Electric Corporation, the Bell Telephone
Laboratories, the Burroughs Corporation, and the System Development
Corporation, and it culminated in the development and construction
of the SAGE air defense system. The story of the success of the
Cape Cod system and the subsequent building of SAGE, however, is
not a part of the Whirlwind story. It is Whirlwind's sequel and is
a story the research and development aspects of which remained still
-wrapped, a decade and a half later (at this writing), in the cloak
of classified, national security information. For these reasons,

the curtain must drop here. Project Whirlwind had run its creative,
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independent course as an on-campus research and development organi-
zation and was being shunted by ever stronger external forces, such
as ONR in different ways had once sought to generate, along a course
that would bring it into closer alignment witﬁ theblarger organiza-
tion of Project Lincoln and into an increasingly subordinate,
assisting role, supporting and impleménting the specific techno-
logical ﬁeeds of the growing military defense establishment.

It was one thing for a young graduate-student engineer to
attack an aircraft simulator problem in the closing years of a
great war, another thing to open a door onto undreamt-of, challeng-
ing, untrodden vistas of pioneering computer research and develop~-
ment waiting to be traversed, and still another to become a train-
ing and development organization ten years later, trapped in thé
detailed implementation work of devising third and fourth genera-
tion computers for increasingly routine, even though more complex,
military assignments. When Forrester perceived what appeared to
lie ahead of the organization he had built up, he found he was not
particularly challenged by the prospect. Firmly convinced he could
not restore the past and possessiﬁg extensive organizational experi=-
ence acquired over a decade, he left the rapidly growing "computer
business" in 1956 to immerse himself in the serious, academic study
of principles and techniques of industrial and engineering organi-

zation.
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Subsequently, Everett left Project Lincoln also. Convinced
the past could not be restored but still keenly attracted to other
untrodden vistas in the realm of computer research and development,
he became instrumental in forming a new organization to probe the
engineering unknown, The MITRE Corporation. But these are other
stories, still unfolding, better told elsewhere, and not a part of

this account.
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Chapter Thirteen

IN RETACSPECT

For all the adventures that befell Project whirlwind and
for all the changes that occurred in the aims and procedures of
the Project, from the days of the aircraft simulator to the days
of continental air defense, it enjoyed a remarkable constancy of
identity as a team of investigators dedicated to the prosecution
of the research and development enterprise. In the continuity
of its style of carrying on its inguiries and in the depths of
its commitment to producing practical machinery, it maintained a
unity of character and a philosovhy of investigation whichn
marked it as unique among R % D projects.

In a sense, every R % J project is unigue, of course, just
as in another sense every R & D project is representative. Cer-
tainly, #Whirlwind was both, and in these respects it offers provoc-
ative clues to the nature of the historical process in general and
to the nature of the R & D process in particuiar. Someone has
said it is the business of the past to produce a present that is
different, and the lessons of twenty-five centuries of science
and two centuries of scientific technology suggest that further-
more it is the business of science and R & D toc annihilate their

pasts to produce the novel present.
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All the signs indicate this process is an evolutionary omne
(marked here and there, it is true, by changes solrapid as to
seem revolutionary in their impact), and Project whirlwind was
no exception. Superficially the story of whirlwind divides
quite naturally into two parts which although interdependent
and interrelated stand distinct. This distinction is the more
evident from the fact that the divisions are chronological,
covering the periods 1944 to 1950 and 1949 to 1956. Moreover,
each period correlates with a distinét, minor era in the nation's
transition from the Second world War, through the retrenchment
of peace. to the Cold War and tne Korean War, and each period can
be further defined by the dependence of the Project upon either
Navy or Air Force financing and managerial assistance, interference,
and supervision.

Looking back, one sees tihe years between 1944 and 1950
comprising for Froject whirlwind a period of gestation, for it
was during these years that emphasis shifted from the restricted-
purpose simulator to the general-purpose computer, and it was
during these years that the computer was brought to birth as an
operating machine. Also, these years broadly delimit tae veriod
in which the Navy played the primary‘role in the progranm, aﬁd—-
perhaps of greatest importance for the climate in which R & D
operated--they approximate the interlude between tre end of the
Second iorld War and the beginning of the international police

action called the Korean war. This was an interlude marked by a
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national policy of military retrenchment which siénificantly
affectéd the magnitude and momentum of tne “roject, and this has
been the period of primary concern to this study.

The years between 1949 and 1956, reflecting the anxieties
of a world divided, were marked by a re-emergence of concern
over the inadequacies of the nation's air defenses and by pro- ‘
grams mounted to study and correct those inadeguacies. One of
these programs led to the successful demonstration by whirlwind
of the feasibility of an air-defense command and control center
equipped with the digital computer as the principal information-
coordinating element. The end result was Air Force participation
and the displacement of the Navy as the major source of funds
and purpose. Also there resulted the assimilation of the “hirl-
wind team into the Air Force program and the development of the
semi~automatic ground environment (SAGE) air defense system
which, vprior to the missile age, was intended to provide max-
imum security against attack from the air.

This same concept-—-a centralized computer of large capacity
fed by geographically scattered radar sensors--was subsequently
modified and applied to continental defense against missile attack.
Thus the conceptions of "Command and Control" which Whirlwind had
demonstrated as feasible, and in the development of which Whirl-
wind had played a vital role, was incorporated into the national

defense structure as an essential element. Ffurther, the conceptions



13.4

of command and control were to expand well beyond military use
through application to other governmental needs and to the needs
of industry and society in general, as the computer moved in the
direction of becoming one day a true public utility which, so
proponents argued, would rank with the telephone and the water
faucet,

Such in brief was wWhirlwind's national historical significance.
In addition, it was significant as an instance of the R & D process
in operation, for it was at once continuous and broadly predictable
in its research procedures, at once digcontinuous and unpredictable
in its potential applications and in the inventive originality of
its engineers. The Project was at the same time hizhly personal
and individual with respect to the inventive and developmental tal-
ents displayed by its members in the administrative realm, the fiscal
realm, and the technical realm. It was at the same time social and
anonymous in its exploitation and coordination of the engineering
talents of its team.

while the technical story could be understood only by the
specialist, the general shape and célor of this R & D entefprise
can be aporeciated by the citizen, and in addressing this case
history to him the authors hope that more questions have been
raised than answered. For the rise of R ¥ D is a recent historical

phenomenon which first began to emerge in its modern form in
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eighteenth~-century Zurope, and it is still too néw to be well
understood. Nevertheless, with it man is already remolding the
world and moving oit into Space, and although froject whirlwind
becomes in this perspective an obscure enterprise that most
readers will never have heard of, it presents many characteristic
features and several unusual ones the verception of which sharpens
our citizen's understanding of the R & D process and improves our
prospects of more intelligently directing it in the best interests
of our republic.

To begin, there are the accomplishments of Froject Whirlwind,
and of these there are several technical accomplishments that
should be singled out. Forrester, looking back from the perspec-
tive of more than a decade, could find over a dozen devices, pro-
cesses, and applications which Whirlwind contributed or brought
to a practical working level. The details of their operation
belong in a technical engineering history of the origins, devel-
opment, and perfection of the Semi-Automatic Ground Znvironment
(SAGE) air defense system, a technical story which would begin
with whirlwind (not with the Aircraft Stability and Control An-
alyzer) and would include the next-generation ANAFSw-7 pr&ductiou
computer that demonstrated the worth of the Whirlwind technical
concepts in the military operation of SAGE. Although this is
not the place to describe these accomplishments in detail, they

may be enumerated briefly here to provide one essential measure
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of the practical success of Project whirlwind as én innovating
engineering enterprise.

The most famous contribution was the random-access, magnetic
core storage feature, which was to be widely employed in succeeding
generations of faster and more compact digital computers. Marginal
checking, to detect deteriorating components, was.another novel and
highly practical feature. The whirlwind computer was also first
and far ahead in its visual display facilities. OCne form of in-
formation output was a cathode ray tube display ''capable of plot-
ting computed results on airspace maps."l Associated with it was
the "light gun," or light pen, with which an operator could "write"
on the face of the cathode-ray tube display and provide new infore
mation which the computer could store and use. As a consequence
of these two features, simultaneous man-machine interaction at will
becaune feasible, adding to the versatility and usefulness of the
digital computer.

Simulation technijues were perfected by which hypothetical
aircraft flights could be vrogrammed into the computer for study
and training purposes. 4s a conseguence the practical prospects
for digital simulation were greatly enhanced, and digital simula—
tion subseguently was richly exploited in a wide variety of fields.
The crystal matrix switch designed by David Brown, the magnetic
matrix switch developed by Kenneth Clsen,and the cryotron invented

by Dudley Buck were all Froject Whirlwind products that were to see



13.7

continuing use and develovment later as digital computer electronics
design progressed.

The Whirlwind machine was'extensively programmed to carry out
the novel procedure of self-checking, including the tasks of iden-
tifying defective components and tyving out appropriate instructions
to the operator. Sarly random tube failures posed another hurdle
that the Whirlwind project negotiated successfully, for scrutiny and
modification of tube-fabrication techniques led to dramatic in-
creases in length of tube life through procedures applicable to the
manufacture of hundreds of standard radio tube types.

The need to send radar-gathered data long distances to a
computer control center caused successful techniques to be developed
by the Lincoln Laboratory for sending digital data over telephone
lines and ogened the way for later commercial applications. The
incprporation of a computer in a control network involved the im-
portant development of a practical '"feedback loop," in which the
computer changed its control instructions as it received new
information and thus maintained pertinent control, as when dir-
ecting interceptor aircraft toward their targets in the early
whirlwind air defense tests. Here lay the prophetic significance
of the L-1 and L-2 Reports of 1947, and here was another practical
application of the computer-~the feedback control loop--that would

see continuing military and commercial use in the years to come.



13.8

A related pioneering development is to be seen in the doctoral
dissertation of a Project Whirlwind engineer, William Linville, on
"sampled data control theory." Linville investigated the effects
of sampling operations upon the stability of feedback control loops
in those situations in which different users would be sharing the
services of a large computer to solve their separﬁte problems.2

L,yst, and of profound influence upon subsejuent computer
design, was the working out for Whirlwind of the intricate sys-
temic details of ''synchronous parallel logic" -~ i.e., the trans-
mitting of electronic pulses simultaneously within the computer
tather than sequentially, while maintaining logical coherence and
control and accelerating enormously (compared to other computers of
that day) the speeds with which the computer could process its
information. As Forrester has noted, '"""he parallel synchronous
logic worked out for the Whirlwind computer and first appearing
in the block diagram reports done by Robert Everett and Francis

"3

Swain set the trend for many later computer developments.

In addition to these technical accomplishments, rroject
Whirlwind also demonstrated several fundamental features of.the
rasearch and development process. Two of these features of the
R % D process are tne twin historical phenomena of ''convergence'
and "divergence.' <There was the convérgence of concerns and

enterprises involving the design of new airplanes and the design
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of flight trainers that lured the Massachusetts Institute of Tech-
nology into preliminary involvement with the Navy, and there was
the consequent divergence repfesented by the findings of the aero-
dynamicists, wnich brought Gordon Brown and thne Servomechanisms
Laboratory into the next phase of the inquiry. 4s an instance
of even greater strategic import, tnere was the multiple conver-
gence of the various intellectual, scientific, technical, aad
mechanical traditions tnat brought the incipient computer state
of the art to the position it occupied when Crawford, Forrester,
Lverett, and their sssociates in the Navy and at KIT began to
explore it, sad there was the divergence characterized by the
writing of the L-1 and L-2 Reports and by the abandonment of
the aircraft simulator for the computer. Still another example
of convergence was the combination of events that produced first
Valley's air defense committee and subsequently Valley's discovery
of a vhirlwind already far along in construction. The divergence
that followed appeared for a while as though it would cause
Project whirlwind to be swallowed up by Lincoln Laboratory, but
the vitality of the former and the actions of its leaders pro-
duced another course of action.

It would be an oversimplification and a distortion of
history to assert that simple, direct cause-and-effect relationships
of a one-to-one nature exist between every convergence-divergence

sequence or between every divergence-convergence sequence of events,
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But such a schema, when loosely yet carefully aéplied, helps to
explain the weaving of the fabric of events that typicélly con-
stitutes the R & D process in particular and the larger historical
process in general.

Along with the phenomena of convergsnce and divergence are
to be found the essential evolutionary continuities and tae
equally essential revolutionary discontinuities which characteri,e
the purpose and direction, as well as changes in direction, of
human affairs. Fiscal, technical, md administrative obstacles
(restriction of funds, erratic storage tubes, inspection visits
to the Project) tested continuity of purpose and validity of
volicy judgments at the same time that they provoked inquiry into
alternative directions and courses of action.

Hone of these remarks is intended to suggest that the & D
orocess, or for that matter history itself, is fundamentaily pre-
dictable or determinant in character, but they do indicate the
availablility of analytical tools which render the conduct of
research and development more understandable than national policy,
for example, hitherto has recognized it to be. It is possible to
follow the history of Project shirlwind while laboring uﬂder the
traditional misunderstanding of how science and technology are
thought to interact, but more insighfful avenues lie open before
us. Among these is the perception that the measure of R & D --

its proper operation -- can not be taken by applying either the
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traditional, impractical standards of "PureScienﬁe" or the tradi-
tional, practical standards of technology.

Some of tne difficultieé the mathematicians and the physics-
oriented scientists of the late Forties encountered when trying
to evaluagte Project whirlwind as an R & D enterprise arose from
their commitment to the historic values of pure science. While
these were appropriate enough for science, they were not appro-
priate for R ¥ D. Thus, when the question was ssked whether
Whirlwind might not be poor biscuits because it was trying to be
cake, the possibility was not seriously considered that engin-
eering, instead of science, might be the cake. The curious
notion has long prevailed that products of the mind alone are
somehow loftier and mightier than the products of mind and hand
combined. Wwhile the 'biscuit-cake" analogy (perhaps 'metaphor'
would serve better) was not pushed so far as to fault Forrester
for not being committed to a Newton-like or Zinstein-like intel-
lectual enterprise, the conception that math-and-phgsics
standards might not be applicable at all apparently did not
occur to the investigators.

Similarly, the distinctions drawn between the Project
whirlwind engineers' ways of proceeding and the Institute for
Advanced Study scientists' ways of proceeding apparently fell
on deaf ears, for all the difference it made in the way ONR

or the Lincoln Laboratory conducted their affairs. (One is
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tempted here to speculate on how the Lincoln Laboratory would

have conducted its affairs had Forrester ever taken the helm.)

It is appropriate to ask how much more attention might well have
been paid to those distinctions had policy-makers felt more keenly
the importance of distinguishing more perceptively between the mix
of goals and procedures subscribed to by the Whirlﬁind leadership
and the mix of goals and procedures embraced by the vuilders of the
IAS computer. At issue here is the difference between basic re-
search of the pure science tradition and that which is sometimes
called "developmental research" in the R & D tradition.

The following archetypal metaphor between the basic researcher
and the developmental researcher may make it more clear why the
whirlwind engineers' expensive way of proceeding was so difficult
for ONR and its consultants to appraise. (In ail fairness, it
should be added that Air force endorsement was born not out of
any depth of understanding, for that of the Air Force was no
deeper than the Navy's, but out of a desperate practical need.)

The Basic Researcher may work with pencil and paper and
theoretical eyuations describing the idealijed phenomena. He
may slso work with laboratory ejuipment wnich produces a desired,
artificial, controlled environment in which certain phenomena are
isolated and manipulated for closer stﬁdy. The basic researcher

is interested primarily in understanding and explaining the
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phenomena he is examining in that environment, and he may achieve
this understanding by proceeding from his paperwork to his lzb-
oratory equipment, from his laboratory eguipment to his ex-
perimental results, and from his experimental results to further
paverwork describing the test results, analyzing them, and re-
lating them to existing and emerging understanding.

The Developmental Researcher, on the other hand, is more
interested in devising hardware or perfecting a process and
testing how well it performs. He is interested in applying
the research understanding already gleaned, together with en-
gineering know-how, to the problem of making hardware that will
work. To this end, he may subject the hardware to the artificial,
controlled emvironment that isolates and identifies the roles the
phenomena play. Interested in what happens to his equipment when
it is subjected to the environmental stresses imposed by '‘real
working conditions, he develops hardware that will exploit and
profit from his scientific understanding of the phenomena ;nd
from his engineering knowledge of the materials and the working
conditions. Often, in the course of subjecting his hardware to
a working environment, he uncovers new phenomena or new roles
that known phenomena are seen to play, thereby creating new
paperwork problems and opening up new lines of inquiry for the
basic researcher to pursue. Likewise, the basic researcher

while concentrating on understanding the phenomena may turn up
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new information and vital questions of immediate or delayed use
to the developmental researcher. -

In this paradigm of the basic researcher and the devel-
opmental researcher it has been assumed, to make the exposition
easier, that these are two different individuals. However, it
is possible for the same individual to play both roles, and the
more sophisticated the R % D problem (such as that of devel-
oping the magnetic cores, for example), the more likely the
same individual or the same group of investigators will play
both roles before they are finished. The extraordinary insis-
tence with which Forrester and Zverett maintained their policy
of circulating information heavily and rapidly and soon, in
written form, among the members of tane Project tended to en-
courage the interplay of roles, just as did the availability
of jquality materials and services. Although theirs was nom-
inally an engineering enterprise, Zverett when working out
his historically influential block diagrams or Forrester,
and subsequently Papian, when working with the phenomena of
magnetic remanence, were deeply involved in both basic and

developmental research because they were unwilling to stop

after the conception had been set down.

The ratio of supporting-services costs to technical costs
was high in Project whirlwind, md it exposed the Projectto ac-
cusations of '"gold plating" practices by those who held to

a philosophy dominated by conceptions centering around an



13.15

unexamined commitment to what might be called anv"economy of
scarcity." To such critics, the only alternative was an "economy
of plenty,' which could really Be nothing more than an irresponsible
fool's paradise inasmuch as all costs had to be recovered, and dir-
ectly, even if it meant robbing Peter to pay Paul. Indeed, that
was precisely what Project Whirlwind was flagrantly doing, with its
insatiable demands for more money and more money and more money!

But from Forrester's and tiverett's point of view, one need
not be trapped into choosing only between these two polar opposites.
"There is a need to subordinate these problems of balance,' Zverett
remarked, ''to a philosophy of creative force and inherent growth
which tells you how to proportion your services to your technical
e:(:‘fort:."l+ The whirlwind project demonstrated this, as far as
Forrester and sSverett were concerned in after years, yet the
lesson remained uhappreciated in the thronging halls of R % D,
and tais, too, the two men felt keenly. Although a senior executive
from the International Business Machines Corporation had asked,
after a first visit to the whirlwind installation, "How do you
achieve so much with so little?" it was as clear in the early Fifties
when he visited the Barta building as it was a decade and a half
later that the essential intangibles of the Whirlwind philosophy
of conducting research and development had gone unappreciated.
Zhat philosophy involved far more than a services costs to technical

costs ratio, as this czse history has showne.
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In a world without pain, where value judgments did not compete for
selection and where the proper course of action was always discern-
ible, there would be no need for the harassment of ihspection
visits by third parties, but in the world of R & D where Project
Whirlwind dwelt such inspections play a healthy, tonic role,
provided there is basic volicy agreement about how reséarch and
development affairs should be conducted. To cite an obvious
failure to agree on basic policy, an inspection team which crit-
icized a fundamental research laboratory for its failure to main-
tain engineering development projects on a massive scale would
only be throwing sand in the gears, however well intentioned and
sincere its motives. Similarly, a liegislator who criticized
the National Science foundation, for example, for supporting im-
practical, "out in the wild blue yonder'" basic research with
hard-earned public tax dollars either would be making what he
judged to be the rizht "political sounds' for the home folks in
an election year or else would be demonstrating that he really
did not share the basic policy attitudes which technically
versed admiristrators nave foind to be viable over the many
centuries that science has flourished.

No such gross mistakes in selecting inspection visitors
appear to have occurred in ﬁhirlwind‘s‘casé, for gualified per-
sonnei were sélected, for the most part. Unfortunately, the
jualified person is apt to be a specialist, and the specialist
is as much a custodian of essential knowledge in his field as

he is a creative entrepreneur. At stake here is the philosophical
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commitment which science and engineering long ago made when they
develoged the habit of seeking the judgment of pfofessional peers
when assessing the worth of an énterprise. Whirlwind's experience
with inspection visitors does not contradict the historical gener-
alization that the peer system has proved inherently cautious and
conservative, preferring only modest departures and limited leaps
into the future.

Project whirlwind appears to have been sufficiently the vic-

tim of this professional timidity syndrome to run into trouble,
but the true heart of the trouble lay neither with the froject's
unorthodox modes of conducting its R & D affairs nor with the
‘premium placed upon conservative judgment by the inspection pro-
cess itself, =Rather, it lay in the fact that, for all their
sophisticated abilities to innovate--indeed, innovation is their
reason for being--the basic and the applied sciences have been
unable to develop religble techniques for distinguishing the
seer from the fool. Consequently, they play it safe and endorse
the modest change which does not break sharply with tradition.
It was just this sort of crippling inability which caused the
Ad Hoc Panel to critici,e whirlwind for its lack of a mission
on the one hand while complaining that not enough attentiﬁn was
being given by computer projects to ''real time'" applications
on the other.

Nevertheless, appraisal by peers is likely to remain in

force, and in the R & D area, where the prospect of practical
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accomplishments is a guiding consideration, it is probably a helpful
technique and provides a useful mode of healthy eiternal criticism.
Because Project Whirlwind succeeded does not mean that it was
inevitably destined to succeed. It was, like all challenges, a
creature of human endeavor., It did achieve its goal, however, and
it did accelerate computer progress both by the cohcepts it demon-
strated and by the talented engineers it developed. As a conse-
quence, hindsight permits one to hail it as a model of R & D. But
had its funds been cut off, it would likely have joined that ever
growing number of military R & D enterprises which come to an end
on the scrap heap. Whatever the Project's vitality (and it was
considerable), and whatever the resourcefulness of its leadership,
whirlwind was in part master of its fate and in part a creature of
larger circumstance. The words of another observer of American
science come to mind. Although uttered in another context, they
are relevant to Whirlwind. ‘'wWe must realize," remarked w.'Carey
of the Bureau of the Budget in 1957, '"that when science and
education become instruments of publié pplicy," -- and, we should
add, of public funding -- "pledging their fortunes to it, an un-
stable ejuilibrium is established. Public policy is, almost by
definition, the most transient of phenomeﬁa, subject from be-
ginning to end to the vagaries of political dynamisme The
budget of a goveenmment, under the democratic process, is an
expression of the objectives, aspirations, and social values of

a oeople in a given web of circumstances. To claim stability
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for such a product is to claim too much. In such a setting,
science and education become soldiers of fortune."5 The story
of Project wWhirlwind, as w?ll aé the story of what became of
this R % D ehterprise in the years after 1956, is that of a

soldier of fortune.
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