APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

[T Y

"-"'8'33,:' +# |
R Eme——r -

Report 1~4

Yy

Jay W. Forrestery Chairman
Hugh R. Boyd

Robert R, Everett

Harris Fahnestock

Robert A. Nelson

SERVOMECHANISHS LABORATORY

[IASSACHUSETTS INSTITUTE OF TECINOLOGY

CAMBRIDGE 39, MASSAGHUSETITS
Project DIC 6345

September 21, 1948




6=l e &k
S —
6345
Report I-4 Page 1 of 12
o UNCLASSIFIED
ZABLE OF CONTENTS
Fage

Summary. . « + & . R 2
Discussion of Figure 1 . « 4 & & v o « & « » & 3
Discussion of Fipgure 2 . +. & ¢« + « o o ¢ & & @ 4
Discussion of Filgure 3 . . « o v 4 o o 5 » & & 5
Discusslon of FIgQUre 4 . « « « « « « s s o o &« 6
Diecussion of Figure 5 « + o « ¢ ¢ o o s & o« » 7
Discussion of Figure 6 . « o o o v o = o o v » 8
Discussion of F1gmre 7 v o + o o o ¢ s o s & & 10
Diecussion of Figure B . + + v « + o s s & o & 1

. Drawing Idet « o ¢ o ¢ = + ¢+ o o s 2 o s o o & 2
Figure 1 Staff Distribution
Figure 2 Annual Costs of Alternate Fropossals
Figae 3 Actual Past Expepditures ard Extraspolated Futiz'e Expenditurses
Figure 4 Extrapolated Expenditures Showing Relation to Proposals
Figure 5 Acoumulated Total Costa

e Figure 6 Possible Activities

Orgenization Chart

Computer Center Organization




[

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

Report L-4

° —— INCLASSIFIED

‘The digltal computation program of Project Whirlwind might
be operated by the Massachusetts Institute of Tochuclogy in meny weys.
Three representative levels are proposed in the attached curves and
charts covering the period 1949 to 1953. Plen 1, at $1.8 million per
year, shows the research, development and limited experimontal com-
puter operation which could be carried out under a comtinuation of
approximately the present rate of expenditure, Flan 2, incressing to
$3.8 million per yeer, adds & substantial operating force for the
. effiolent solution of engineering and scientific problems, FPlam 3,
increasing to $5.,8 million per year, adde further a group devoted to
the application of digital computers to the field of comtrol and mili-
tary uses.
‘The funde presently allocated to Project Wnirlwind will, et
W the present rate of expenditure, be exhausted in February 1949. Imme-
diate plans muet be mads for oontinued support or revision of project

- objeotives.
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STAFF DISTRIBUTION
Figure No, 1

Staff distribution for the three plans for the years
1949, 1951, and 1953 is shown in Flguwre 1. Activities are grouped
as (a) research and development, (b) computer operation, (c) appli-
cation studies. The total staff, or the staff devoted to each
activity in any ye«r, may be read from the scale at the right~hend
side of the chart. The lowsr number in each box gives the staff cn
that activity under Plan 1. The upper numbers in the boxes give
the edded (not totul) staff under Plan 2 end Plan 3. Under Flan 2
. the greatsr portion of added staff is devoted to computer cpsratlon;
under Plan 3,to application study and development. Under the latter
two plans, not all the steff is added to those specific activities
aince some ars added to reosearch and development to provide equip-

ment for these activities,

B
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Fimure No, 2

The emnuel costs of Flans 1, 2 and .3 are given in Figure
2, Plan 1 carries on the present rate of expenditure of 1.8
million. Plan 2 assumes $2 million added by }953 to permit the
eddition of computer operation. Flan 3 assumes a further $2
million by 1953 for active application studies. The cosis plotted
for the yeers 19.9~-1952 were determined by the rate at which par-
sonnel and facilities could be efficlently added at M.I,T. %o

accomplish the objsctivea of the respective plans.
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ACTUAL PAST EXPENDITURES

and
EXTRAPOLATED FUTURE EXPENDITURES

Fipure No. 3

Figure 3 is F;lon{‘.od to show on a large scale the be-
havior of the actual monthly expenditures of Project Whirlwind
from the beginning of digital computer research in October 1945
through August 1948. This curve is then extrapolated and shown

. in relation to the begimning of Plan 3 of this report.

Past experience shows that the rate of growth «of the
project has been exponential, The amount of work toc be dome in the
camputer finld is great enough so that this exponential inorease
could be maintained. If allowed to do so, the sire of the project
could rapidly exceed even that ellowed for in Plan 8 or that which

\ Massachusetts Institute of Techmology alone oould undertake.
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EXTRAPOLATED EXFENDITURES SHOWING

RELATION TO PROPOSALS
Figure No. 4

Figure 4 combines on ome graph the mctual monthly expen-
diture curve of Figure 3, the extrapolation of this curve, and the
approximate monthly expenditures as they would be for each of the
three alternative proposals in this report.

An explanation of this extrapolation will be found in the

. discussion of Figure 5.
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TOTAL ACCUMULATED COSTS

Fgﬁga No. b

Figure 5 showa the accumulated total expenditure: at
the end of each ysar for the three plans, These curves were
obtained by integrating the ¢amual cost ourves in Figure 2.

The initial value of $2.4 million at the end of calendar year
1948 was obtained from recorded expenses plup estimated expenses

and enoumbrances to that date.
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POSSIBLE ACTIVITIES IN ALTERNATE FUTURE PROGRANS

Figure Ho. 6

Figure 6 chows the expected distribution of stalf time
and the estimated results of that effort for each of three alter-
nate proposals for Project Whirlwind.

Activities are divided into three groups: (1) computer re-
gearch aad development, (2) Whirlwind I operation, and (3) applice-
tions. TUnder each activity the staff distributions for the three

’ plans are given by numbers and the progress for each year listed,
followed by the status at the end of the five-yeer period. The mean-
ing of the chart may be summarized as follows:

PLAY 1.

With an ammual expenditure rate of $1.8 million available,

research and development on computers can be mainteined at about the
< 1948 rate., o new design beyond design studies cen be carried ocut
during the period,

) Whirlwind I can be completed and maintained in operating
condition although no ataff would be available to allos operetion more
then a small percentage of the time. Mathematical research and problem
coding, with acoess to Whirlwind I, would be continued.

Only preliminary applications studies could be made during

. this period.
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PLAN II.

With an additionel snnual expenditure of %2 million bringing
the total to §3.8 milliou per year, Whirlwind I can be put into
efficient operation with a staff sufficient to handle a high-speed
problem flow network. (See discussion of Figure 8.)

Suffioclient staff would also be available to increase the
research activity and carry ocut the design of & new computer by the
end of 1963.

To the preliminary applications study cnruld be added the de-
sign of experimental data conversion equipment.

‘ PLAN III.

A total annual expenditure rate of 5.8 million will allow
completing some detailed studies and experimental demonstrations of
ocomputer ocontrol spplications.

The design and research groups could be increased to allow
construction (but not installation or test) of & new computer by the

oA end of 1953.

Whirlwind I operation would not be increased except %o pro-

vide oomputer time for control studies. These studies would be carried

ouwt by the applications staff.




B o AT

Report L-4 l-!?\.“_. N ACCITIED Page 10.
’ s
t DIs F_ORGANIZATION CHAR :

This chart shows the present essignments of sixty-six
(66) staff members working on Project Whirlwind, In addition
are indicated vacancies into which present actlvities might ad-
vantageously be vxpanded. This chart does not correspord to
Plangs 1, 2 or 3 of the remainder of this report.

The unfilled activities are indep:ndent of the outcome
of existing activities and could be garried in parsllel %o
accelerate progress.

Training, mathematics, block diegrame, storage, and
applications are most critical and should be strengthened in
the order given.
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CONPUTER CENTER ORGANIZATION CHART

Figure No. 8

This chart is an estimate of the personnel which will be
required to operate & computing center handling a high density of
traffic flow for scientific and engineering problems. Non-Staff per-
sonnel are indicated under the staff groups. The problems assumed are
routine, well within the available high speed computer capacity, and
of types where formulation and method of solution are straightforward.

x Problems ere handled in a manner corresponding to telegraph wessages
in a communiscations system.

Problems are set up and codod by those using tne services of
the computer organization, not by the atafi on Figure 8., The stalfl of
the central group would provide soms training and the formulation and
coding of library programs, and handle machino operation and traffic

9 flow. Communications between computing equipment and user can be by
mail and teletype.

It is believed that such central computer organizotions, oper-
ated either privately or by goverument ectivities and if properly
equipped and orgenized, can provide the most efficient and lowest cost
computation service of the next few years. Capital investmont aad main-
tenance stuff and cost will limit the number of computers which can be

' obtained for specific applications.
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