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CONVENTIONAL & POPULAR HISTORY
OF COMPUTING IN THE 1940S



“Lone Genius” View

Example Alan
Turing, according to
The Imitation Game

— “I'don’t have time
to explain myself
as | go along, and
I’'m afraid these
men will only
slow me down”

Hand building
“Christopher”

— Inreality
hundreds of
“bombes”
manufactured
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‘built here at the Uni-
As anyone who can operate a personal computer knows, the way to

versity of .Pefinsylvania
in 1946. The ‘invention
of this first all-
purpose digital computer
signaled the birth of
the Information Age.

make the machine perform some desired task is to open the
appropriate program stered in the computer's memory. Life was not
always so simple. The earliest large-scale electronic digital computers,
the British Colossus (1944) and the American ENIAC (1945), did not
store programs in memery. To set up these computers for a fresh

task, it was necessary to modify some of the machine's wiring, re-
<
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Isaacson’s “The Innovators”

The
 Many admirable features Innovators
— Stress on teamwork -
— Lively writing
— References to scholarly history
— Goes back beyond 1970s

— Stresses role of liberal arts in tech
innovation

e But going to disagree with some 4 Walter

basic assumptlons |Saacson
— Like the subtitle!
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Teams of Superheroes

viewpoints

CHRIS SCARLETT  JEREMY

How a Group of Hacke
Geniuses and Geeks;
Created the Digital

DOI:10.1145/2804228 Thomas Haigh and Mark Priestley

Revolution

Author of
STEVE JOBS

Historical Reflections

Innovators

Assemble:

Ada Lovelace, Walter Isaacson, and
the Superheroines of Computing

Can computing history be both inspiring and accurate?

ONSIDER TWO RECENT block-
buster sequels. Avengers: Age
of Ultron, a superhero movie,
enjoyed the second strongest
opening weekend of all time,
behind only its predecessor, Avengers
Assemble. The fastest-selling history
of computing book ever published is
Walter Isaacson's The Innovators: How
aGroup of Hackers, Geniuses, and Geeks
Created the Digital Revolution. Its sales
fall short onlyin comparison to his pre-
vious book, Steve Jobs, which reported-
Iy broke all records for a biography.
Avenging and innovating turn out to
have a surprising amount in commaon.
Both require one to assemble a team of
superheroes who must work together
to defy daunting odds and change the
course of human history. Both deploy a
cast of characters whohave been written
about for decades but are now reaching
massive audiences. Both feel somewhat
overstuffed, as their hugely experienced
creators struggle to maintain a light
touch while maneuvering a compli-

cated narrative through a vast number
of required plot points. Both highlight
origin stories, as if understanding the
moments at which individuals received
their special powers or the circumstanc-
esinwhich particular technologies were
first coaxed into operation will always
explain their subsequent trajectores.
Isaacson’s geek revolutionaries are,
for the most part, entrepreneurs rather
than academics. People are interested
in the men behind the companies be-
hind the gizmaos of daily life, paricu-
larly if those men became spectacularly
rich while exhibiting captivating flaws.
Hence the wealth of books and films
about Steve Jobs, Bill Gates, Mark Zuck-
erberg, and the early days of Google.
Most of the computer science students
featured in these stories dropped out
part way thmugh their degrees. Com-
puter science has invested little effort
in building and celebrating its own set
of heroic role models. Individuals such
as Edsger Dijkstra, Donald Knuth, and
Alan Kay all have their followings but

20 COMMUNICATIONS OF THEACM | SEFTEMBER 2015 | VOL. 58 | KO.9

nonehave yetinspired a fulFlength biog-
raphy, a statue, or a museum. Even John
von Neumann has largely slipped from
general awareness in the decades since
his death. Perhaps computer scientists
feel their di: ine is doing pretty well
without devoting significant energy to
the construction and celebration of
male heroes. Alan Turing is the excep-
tion that proves the rule here, given his
gripping personal story, significant con-
tribution to the Second World War, and
crossover appeal asa gay martyr.
Isaacson, who has headed both
CNN and Time Magazine, is one of the
world's most successful and best-con-
nected journalists. His titular promises
of “geeks” and “genius” signal this is a
faidy consemvative retelling of computer
history, discussing the invention of tech-
nologies rather than their commercial-
ization or use. He arranges a series of vi-
gnettes alonga familiararc,leading from
the Victorian dreams of Charles Babbage
through the various computer inventors
af the 1940s to the networking pioneers

www.EniaclnAction.com
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he “Computer Tree”
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ENIAC in Computer History

Hardware and
Arithmetic Design

/ Mechari ‘:“F\ /I;Illferentu-\\ / IBM \

& Electro-

e Often called the
first
— “electronic, digital,
general-purpose
computer”
* A step on the path
to the “first stored-

program computer”
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Historiography of Early Computing

 Traditional focus for the 1940s
— Obsessed with “firsts”

— Reduces each computer to a single date of first
operation

— Considers only architectural innovations

— Doesn’t care about what computers were used for
* This leaves out an enormous amount!
e Hence: ENIAC in Action



DESIGNING ENIAC



Sponsor: U.S. Army

Tasue [L—Parr oF & FIRING TABLE FOR TH-MILLIMETER GOUN
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Laboratory

— Part of Aberdeen
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Created by the University of Pennsylvania

 Moore School of
Electrical Engineering

— Founded 1923

— Strong ties to local
electronics industry

— Had already partnered
with BRL to build
“differential analyzer”
and carry out hand
computations

— Fairly small

www.EniaclnAction.com



Project Initiators

e John W. Mauchly

— Ph.D. physicist, now teaching
at the Moore School after
taking a summer course in
electronics

e J. Presper Eckert

— Star electrical engineering
student, recently recruited to
the laboratory staff for war
projects

www.EniaclnAction.com



ENIAC Life Story

1943: Proposed and approved. Design work.
1944: Details plans and prototyping work
1945: Main construction & debugging.
1946: Experimental use at Moore School.

1947: Reassembled and tested at the Ballistics
Research Laboratory

1948-1954. Intensive use at BRL
1955: Decommissioned



Engineering Team

T. Kite Sharpless
Arthur Burks
Robert Shaw
Joseph Chedaker
Chuan Chu
Frank Mural

And others...



Other Forms of Labor

e Moore School:
— Harold Pender, Dean
— John Grist Brainerd, Project Director
— |sabelle Jay, secretary
— Marjorie Santa Maria, draughtswoman

e Elsewhere in Penn:
— Hans Rademacher, numerical methods expert
— Legal and contract specialists

* BRL:

— Herman Goldstine, oversaw BRL work at Moore School
— Paul Gillon, Goldstine’s boss
— Leland Cunningham, head of machine computation group

— Derek Lehmer & Haskell Curry,
mathematical would-be users



Structured from Mathematical Analysis

e Detailed analysis of

eeeeeeeeeee

the firing tables =
problem in 1943
guided ENIAC’s
fundamental :
design S

* But it could tackle "
many other kinds . |
of problem

www.EniaclnAction.com



Unique Architecture

Wires route control pulses
from one unit to another

Switches determine what

happens when a pulse arrives

Data flows on ad-hoc busses
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Technical Specifications

Cost: Circa $500,000 excluding delivery
— Up from initial budget of $150,000

Size: About 2,000 square feet

Weight: About 30 tons

Power consumption: 150KW

Memory (RAM): 200 decimal digits
Memory (ROM): 4000 decimal digits
Multiplications per second: approx 300



ENIAC Storage

 Each decimal digit was a “plug-in” module
with 23 vacuum tubes

www.EniaclnAction.com



BUILDING ENIAC



Procurement Challenges

* Challenging to source
large quantities of high
performance components

145 Hudson Straeet
Hew York, New Y rk

In war economy

enough to let me lmow if you mamu-

L]
- Even WI re! facturs the wire attachedi below or

its equivaelent? We are interested

Will you please be good

in 20,000 feet, and have an Aa-1

L] L] L]
_ P re C I S I O n res I Sto rS priority. If you do mamfactures thia
wire or its equivalent, I would ap-

- CUStom power Supplies preciate recelving a price and de-

livery date for the above amount.

Very, truly yours,

e 78 voltage levels from 28

different power supplies i
ﬁﬁl‘[n-?.-— -Pnnap L‘J""’rur.' S‘H“Tﬁ‘




Physical Construction

* Project staff size increased rapidly in 1944 as
production work began

e Split into separate groups for
— Engineering & Test (7 design engineers)
— Mechanical Design & Drafting (3 people)
— Model Making Team (3 people)
— Production team (34 FTE workers by end of 1944)

 Formal approval process needed to move
designs from one group to another



e Accounting & personnel

records show

— “Wiremen”

— “Technicians”

— “Assemblers”

Mr, H. I, MacLean, Comptroller
207 S. 36th Street

Dear Mr. MacLean:

Will you please be good enough to

make

Date4/10/44

the payments indicated below. yme1l

further notice.

Very truly yours,

Dean.

Name as it should
appear on check

Heasun for payuent ITj.me interval

covered by
payment

Payment

Lecount
against which
payment. is to

be charged.
romot irn from
Trainee to
Frances Spurrier Arsistant Ber'nning April 3, 1944 incroase PX #2
Technlelan the salary of |Mps. Spurrier from
aen . .
$1°50 ;e yean to $2000 per vear. www.Eniac

r

o (8)

MOORE SCHOOL FROJECT - PX #2

=

DATE

EXPLANATION

NOV
NOV 30

CARRIED FORWARD
SALAR|ES===

DEPT. | CODE
REQ.NO| NO.
il

SAL

Some Forgotten Women

EXFENDITURES

210.63
25308
31666
4933
168.00
51.00
30969
47.50
150.00
22932
600
32288
24642
30.00
31666
291 .66
25237
23006
8556
39221
23139
26510
37110

14685 |

8817
13467

Please check with Departmental requisitions issued against
this account and if smrement does nor agree, communicate

with the Comptroller's Office.

nAction.com

RECEIPTS

NOV 1944

UNEXPENDE
BALANCE

16,757.61

15,708.86

11560415



Almost 50 confirmed
“ENIAC Women” In 1944 Alone

15. We found the names of ENIAC workers in the detailed, tabulated accounting statements
for “Project PX-2" in MSOD-UP, box 48 (MS-112). These list the full names of most em-

than remember them here, as literal footnotes to the project’s history. Let the record show
that among the women who helped to design and build ENIAC during 1944 were Viola
Andreoni, Martha Bobe, Lydia R. Bell, Vava Callison, Nellie T. Collett, O’Bera Darling, Helen
Anna De Lacy, Jeanette M. Edelsack (draftswoman), Theresa Fraley, Gertrude E. Gilbert, Ann
Gintis, Rita Golden, Margaret Henshaw, Jane Hodes, Virginia Humprey, Mary Ann Isreall,
Dorothy F. Keller, Mary Knos, Alice T. Larsen, Alma Markward (assembler), Mary Martin,
Anne D. McBride, Cathrine ]. McCann (draftswoman), Rose McDonough, Mary E. McGrath,
Mary McNertchell, Gertrude Moriarty, Anna Munson, Ann O’Neill, Violer Paige, Jane L.
Pepper (draftswoman), Alice Pritchett, Ruth Ruch, Marjorie Santa Maria (draftswoman),
Nancy Sellers, Eleanor Simone (rechnician), Carolyn Shearman, Dorothy K. Shisler, Frances
Spurrier, Grace M. Warner, Evangeline E. Werley, Charlotte Widcamp, Sally Wilson, Diana
Wrenn, and Isabelle Jay (secretary).

Spurrier, Grace M. Warner, Evangeline E. Werley, Charlotte Widcamp, Sally Wilson, Diana
Wrenn, and Isabelle Jay (secretary).

www.EniaclnAction.com



Spinning Progress to Sponsors

e By 1944 the end of the war is clearly approaching

— May 26, 1944: Goldstine promises completion “by
October 1”

— August 1944, will be “virtually completed” by the end
of 1944

— Sept 1944, work is “on the fairways”

— December 1944, “in the throes of completing the
production of the ENIAC... within the next two
months”

— May 1945, “on the home stretch” with testing starting
“about 2 weeks from now.”



Launch Day: 15 February, 1946
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PROGRAM

Sprakers
The President of the University of Pennsylvania
De. Gronce W, MeCLELLAND

The President of the Mational Acndemy of Sciences
' De. Frawk B, Jewerr

The Chief of the Research and Development Service, Ordnance
Diepartment, United Srates Army

Eiajor Gexeran Graprod M. Darwes

The Dedication of the EN1AD [ Inlormation confdential until released)

The Electronie Numerical Integrator and Computer — the
ENIAC — is the fastest computing machine ever developed. Tt will
perform more than one million additions or subtractione of ten-figure
mumbers i five minutes, more than & million multiplications i an
howur. It can be wsed in the solution of marhematical proflenis from
the simplest to the most abstruse and of many problems previnusly
not capahle of sulution.

Under the direction of the Ordnance Department, United Siares
Army, the ENIAC was developed by the Muoore Schual af Electrical
Engineering of the University of Pennsvlvania,  The dedication of this
poncering scicntific achievement will mark the initial relewse of in-
formation tu the public and the fiess viewing of the ENIAC

Fresh String Beans

MENU -

Bisque of Lobster

Filet Mignon Au Jus

or
Broiled Salmon Steak

* Au Gratin Potatoes

Heerts of Lettuce, French Dressing

Cheese

Ice Cream

www.EniaclnAction.com

Crackers

Fancy Cakes



NY Times 15 Feb, 1946

e Based on earlier, Feb 1
1946 demo for journalists

Electronic Computer Flashes
Answers, May Speed Engineering

By T. R. KENNEDY Jr.
Zpeclal 10 THE New York TiMeEs,

PHILADELFPHIA, Feb. 14—0One tronic speed marvel is known, vir-
of the war’s top secrets, an amaz- tually eliminates time in doing
ing machine which applies elec- such jobs. Its inventors say it
tronic speeds for the first time to computes a mathematical problem
mathematical  tasks hitherto too 1,000 times faster than it has ever
difficult and cumbersome for solu- \been done before.
tion, was announced here tonight| The machine is being used on a
by the War Department. Leaders |PToblem in nuclear physics.
who saw the device in action for ‘The Eniac, known more formally
the first time heralded it as a tonl! as “the electronic numerical inte-
with which to begin to rebuild |ETator and computer,” has not a
scientific affairs on new founda- single moving mechanical part.
tions. Nothing inside ifs 18,000 vacuum

Such instruments, it was said, tubes and several miles of wiring
could revolutionize modern en- MOVeS exept the tiniest elements
gineering, bring on a new epoch °f matter-electrons. There are,
of industrial design, and eventually | 'however, mechanical devices asso-
eliminate much slow and costly \ciated with it which translate nr

trial-and-error development work |“interpret” the mathematical lan-
now deemed necessary in the |5 oB° of man to terms understood
fashioning of intricate machines. by the Eniac, and vice versa.

Heretofore, sheer mathematical .Cer&rt}onies dedicating the ma-
difficulties have often forced de- chine will be held tomorrow night
signers to accept inferior solutions| " dinner given a group of Gov-
of their problems, with higher lernment and scientific men at the
costs and slower progress. ;I_anermty of Pennsylvania, after

The '"Eniac,” as the new elec " 4, Column 3

www.EniaclnAction.com

Conlinved From Page 1

which they will witness the Enine. ]

NEW ;\LL—ELLC‘I‘RONIC COMPUTER AND ITS INVENTORS

In aotion at the Moore Schoal of 8

Elsctrical Erginesring, where |t
was bullt with the assistance ef
tha Army Ordnance Department.
The Enins wan invented and per-
focted by twe young sclentists of
the scheel, Dr. John Willlam
Mauchly, 36, & puysicist acd ama-

teur meteorcloglst, and his asso- |

ciate, 1, Presper Eckert Jr., 25, Y
chisf enginaar of the project, Ase
sistance nlso was given by many!
thars at the scheel.

Army orinance men had been on
the leokout for & machine with
which to prapare a large volume of

ballistic dats, which in turn was

needed to break & threatemed bot-
eneck in the produston of firing|
and bombing tables far new offen-
slve weapons going  overseas.

|

Without the tables the gunmcould) §

not be used sffectively.
Frojeet Took Thiry Months
Capt. H. H. Galdstine, Army ord-
nahce mathematician, then at the
achool, heard of Dr, Mauchly's

ideas, told Col. Paul N. Gillen of| | 8

the Aberdeen (Md.) Froving
Ground, enlisted his
support and the project went for-
ward with Government aid. Tairty| o
months te the dey later it waS fin-|
ished and operating, deing easily
what bad been done labariously by
Faany trained men, The Enlac soon
will be permamently installed at
Aberduen,

d.ltm.ult wartime probe
Tem® was 1ts intricate
circuits soon_after it was com-

taak in two hours. Had it not been
available the job would have kept
buay 100 trained men for a whele|
r. Eo clever is the device that
Yo crostors. Rave Ehvea tr ng
ln 1iod geotiams 20 long that ey

Thie Tesateer af Alfticult prob-|
lema is what compu
(a.ll x “digital” Soaner, ‘Basically,
nuthing more than
um:t- muanv and divide. It does
this by penerating very accurately
UIr.ml ‘Sloctrienl” tmpuleen at 2
secend, Ao
Gndo’s one pe every ftwe
tieth pulse, {ereby adding, for in
I.. o, ab the rate of 5000 per|
o,
HEincs an mathamatioal tasha, |
ma haw in

na or_in-
volved, can be eorvad 1o BARIC

Machine Has Memory, Teo
The machire, however, can do
much more, T¢ has the human fac-|
ulty of “memory,” four kinds of it

perform certaln tasks In the
Proper siquence, 1t alw has “con-
trol* elements, and can, up o a
point, diotate its own action. 1t
ean, far inalanee,

o twol
numbars and, anpuuur_g an which|
one is larger, choose cne of two sl

poasible :wu!!
First, it gets its arlginal nus-
.l‘.‘ !rm o serées of cards in
v punched to indi-
ﬁ“ ‘Tlﬂ “initial and boundary con-
dition: the problem, One of the
EMII: mlnﬂt gi:l‘lnlml this job.
lem i8 punched an

slot in & “reader’ The man wha
wants the answers may then sit

nEi

does meat, af IT& tasken in aecmd&

A unlt master pro-
* oversees the whols com-

putation and makes sure it i5 car-

Fied out.

The Enlac hns some 40 pansls
jrioe feat trigh, which bristle with
control and indleating mnterial,
Pink neon lights blink om !l:renu
[phnels es Bettons srs
Num are printe
lights. printed Mlde the

Those who I'Ilncuacd the d(nwll-
|stration entered a 0-by
roum. The computer took
oo, — up mon
| Dr, Arthur W. Burks of the
|Moore Schoal expluimed thak the
basio arithmetical operations, it
|mate tn Eaice place repualy ano
|might in time solve .umn“f"
problem.

“Defore You Can Say . ..

e Ui;|ntl:ll Inﬂiy you mny mm
pressed to mulhp!)' T35 by e
self 5,000 times. Most of the afi-

lockers mlased i—the oparaticn
toak p‘lm In less than the wink

To. dcmomtme the Eniacs ex-
treme speed, Dr. Buris next alowed
down the aclion by a factor of
1,000 amd did the nme problee.
Had the visitors been content to

An overall view of "ENIAC" showing attendants preparing the machine 1o solve & hydrodynamical
problem. In 3 matter of seconds it does wlm trained computers hitherts have required weeks ta pecform,
The instrument contains 15,000 vacuum tubes, eccuples a reom 30 by &0 feet and weighs thirly tens. Tt
ook thirly menths te baild, cost aboul $400,000 and n-qumnd 204,000 man-hoars of work.

wm N levision, pmm ma\ma
projectiles cperating at supersonic

ng cargyos in peace
fd even mers tor mccu-
el

Accum:nz to Colomnl Goldstine
untaincus” eomputntional bur
d:ns have bean carried by schen:
tists in the past, which will b
largely removed by electranic com-
guters, Hi pnhmd aut that thw
solution af squations ot ‘motion ha
been o hindrance in the past am
that studics of !MI[ IIIKM. high
speed n‘lmm rothats b
The Hietdn that wil
Benen: Img\ﬂ;r hrough. electrun
eomputing.”
Mr. Eckert predicted an er
ch, with electronic  speed
i'll'lbhl( _problems that bave bee
thought impossible Bacauae the
might require & Hfetime will b
rendily mmlvm for Man's Lee.
ura is going, the nev
wait 1623 minutes they esuldleange of selentific ‘canstanle” ar? ene of slectronic speed Is an th
have observed the answer in neon|interjoctod a3 and when they way, whesn we can begin all ove
light, Tho next was mlllllnl moedod.  There are four Kinda of afrain to tacke selentific probiem
calion—13.875 by 13976, memery” in e B Exlsc to accom- with new understanding,” he tal
flash the quotient nnmmd--ln.'x— nllan this, Constant adjustments reporters.
00,625, A table of agueres and Mr, Echert briefly described th
cubes of numbers was generated of problen Harvard and Massachuseits Inst
in ome-tenth of & second. Next, & mwmmly the Enias handles tene by of Technology meckanieal an
Similar one of sines i cosines.(digit numbers—n bHDR, for li- glagtro-mechanical computing mi
he jub was finished and printed stanes—ii it ean hand'le twent¥s chines, the most ressnt of Whin
an o lurge shest hefore mast of|digit mumbers jast aa easdly, re- yway nmounced oBly & few montt
the visitors could go from ont|sulting in mumber Furming Lo Abtra- por
oo, 1o AoNEr, e o w0 nemioal slze,
The Eniuc was olve
s difficalt problers that would Machine Cost §400,000
have required sevesnl woeks® More than 200,000 man-hours
by a troined man. The Enio T8 want into the bullding of the mi-
it in exuctly fiftesn scconds. chine, It containa more than half
All problems must fimt be re-|a million saldered joints, and cost
nol'ved lo lhlll- rsu:ulm'ls '[!unmrd about §400,000. Thres times as
“eards and ren through an Inter-|much _elactricity s Tequired
mﬂ]una] BJBMI! M’achlnr—) unit| eperate it nn for noe of our lnrgest
joF | BFondensters—150 Kilowatts.
Franalates the mntnm:hal lan-|  Littis more than thres yenps ago
|Eunge to that of the Eniac, and the Eniac was oly an idea; today
Vice versa, When this ia dane thelit 18 perhaps the :ml-xl. ‘marvel
machine fa ready ts operate. Nu-|of slectronic Ingenuity, Dr. Mud,
|merical values covering = wide chly jolmed the Moore Behool

Dr, John W. Mauchly J. Presper Bekert dn.

are made !l\ sibvance foe ench LYPh




OPERATING ENIAC



The Operators

Six women selected summer 1945

— Had previously been computing
trajectories manually

Operated ENIAC at the Moore
School

— Some transitioned back to
Aberdeen

Duties included

— Configuring and wiring units from
paper plans

— Helping to diagnose and correct
problems

— Feeding cards in and out of ENIAC

— Working the auxiliary punched
card equipment

— Working with scientific users to
design ENIAC setups

www.EniaclnAction.com



Punched Card Machines

e Specialized units
— Sorter
— Collator
— Punch
— Tabulator

e Human operators
reconfigure machines and Bt
move cards between T
them
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KEY

ENIAC as Part of a Bigger System
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Weather Prediction Application (1950)

FUNCTION ENIAC PUNCH-CARD PUNCH-CARD
TABLES OPERATIONS OUTPUT OPERATIONS
agrlﬂ;sct%a:rameter 5| Time -step 5| New height and 5| Prepare input deck
extrapolation ici i
Scale factors pol new vorticity for Operation 4
4] /
Jacobian Vorticity
Scale factors > L . >
(vorticity advection) tendency
5 ] [6.7]
x-sines »-| First Fourier 5| X-transform of »-| Prepare input deck
Scale factors transform (x) vorticity tendency for Operation 8
[3 ] / [9,70]
y-sines .| Second Fourier »| yx-transform of »| Prepare input deck
Scale factors transform (y) vorticity tendency for Operation 11
[11] [12 ]
y-sines »| Third Fourier »| YyX-transform of »-| Prepare input deck
Scale factors transform (y) vorticity tendency for Operation 13
13 | / [14 ]
X-sines »-| Fourth Fourier »-| Height »| Prepare input deck
Scale factors transform (x) tendency for Operation 15
15 ] [16 ]
Interieave | Height tendency | Prepare input deck
height and vorticity " land " | for Operation 1
tendencies vorticity tendency

www.EniaclnAction.com




ENIAC AS A MATERIAL SPACE



Poor Conditions at Moore School

_~.== 'T'“F_‘”'m T

* Floods in October & e e
December 1945 e 1 e e

m“";g:]“ Pennsylvanis :.‘...=='.- ving ot .

Philadelphis 4, Pa. g INGIEE Mnmmn,.um o T
— December 25 flood from s et iyt
- . e T T R T u:"’"“"m'!

i T i H i
P AT bet raL e LTt

snow melt, Mauchly went B mw
home at 3am leaving “about |- e e SO

L] n--n'r\-u iJ mmrm -

five men still working, L

mumu =

‘—-1—:.—-—-—.

mopping up water and o e 5

TN M =
SURFLIES o BDRICES UANTITY | UWIT | UMIT PRICE | Asoih o

emptying buckets which DRSS ems o seesmion

and improvamsnts im the

H .{_..ﬁMI te |s u“ bl TRRT, "ot vt fisige
catch drips.” CEMENRETENE.
?' Ad4 D.C. disconnset switsh' X o

n:uf posltlon of Fonction Table
and Accessories Nos. 19 and 20, -

¢ Change m.um fuses to transformer |

 Fire on October 26, 1945

— Shutdown circuits on bIOWErs | 1. e e s i, ||
prevent spread to other : I R i e seesorth

~-fiPrayide two (2) s981tASGRL I yws -t oo b o)
a nEIS —__--__“Mfﬂ_un hﬁ: o SEME _-:3_1 o i |
p i Dot o wuhe 000,

- & -y e ™ S
f:a ___ -
.............. |
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The Move to Aberdeen

- [ ] T -
C A B s wwwg . COM, ™ S i p A+191 ok 1
SUMMARY OF STATUS OF EWIAC MOVING - 1 JULY 1547 £ ;= :w - P
—~ e e
Value of Contract Original  #5§,200 SIS 7 T
Change #1 2,500 \ : Oy e
Change #2 10,000 s s ko, st
) L e il A =G
Total 4108 .?mtm &0 Gm ; 7 @ <X g :fﬂ"f‘vf.“'dmlwd s e
Expended to 1 July (per Comptrollers' sidtement) R, it
#6L,713.76 e i Fasoo
Subcontract Commdtments =~ 18,202.66 5 < 49 2 "N
Overhead on subcontract comaltments 1,828.26 ) L : @ C
Total expended & Committed 1 July BL,B82L.68 L e
Remaining 1 July #23,875.32 L ém;_ > B &
To be done it A g;w,-m ) S
5 Edgewood " yi % Bridgeon O
Technicians, 5% man weels & #130/wh/man  2T15.00 o™ o )
JohaC. at Aberdesn 1 mo. with car & L&o/me hﬁODﬂ s Q s
Extra travel for 1 day trips by J.a.C. il . b
T,E.5. at Aberdesn 1 wk, ® 500/mo 115.00 i ®e = e @
R.E.M. at Aberdesn 1 mo. 2 00/mo Loo. ¥ - = i S e s e
Hedu0, at aberdeen 5 wks @ 110/wk 740,00 oo ommer’ e <
JoaoC. Drafting 1 wk 82,00
Draftsman 1 ®mo 138,70
Overhead 824,00
o i, el 4 et e Contracted to local
Misc. expendituras __200.00

o wiomted o cometin o moving company

Eatimated total available

mm,:.dmmm Loy  Panels winched through
BEMEE R s ame a hole in the outer wall.

ted total remaining £10,h561.32 ) )
A Fatins www.EniaclnAction.com



Ventilation Plans
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Electric Service Plan
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ENIAC Operation

* A hand held unit
started/stopped

e Single step mode

e Adjustable clock
speed

www.EniaclnAction.com



The Suspended Ceiling

www.EniaclnAction.com

Proposed in
early planning,
but seen as
luxury

Approved by
the Army only
in June, 1947

— |Installed 1948



ENIAC as a Showpiece

e Even before ENIAC ...
was finished, there &
were enough
visitors to trigger a
ban

* |In 1948, regular
visits by
delegations for
demonstrations

www.EniaclnAction.com



In December 1947

oy .

* Running on 1 HECRANICALBRALY
production work 2 " "} I1S TROUBLES
hours a week! B e oy

. .8 %at Times, but Eniac, Fastest,

® 17% Of tlme Setting P '. . i_-Ou_tspseds Man 5,000 to One
up and testing

configurations

e 49% checking,

By WILL LISSNER
P Special to T Nzw Yorx TIMES,
ABERDEEN, Md., Dec. 13—The
" fastest automatic computer or
‘mathematical brain” in use works
~ only a two-hour week, mathemati- |
cians on the staff of the ballistic|
research laboratories at Aberdeen
Proving Ground reported today.
~ Data on the comparative per-
. formance of three types of auto-
matic computing machines with al |
desk machine operated by human
. computer were made public as 300
. specialists in the machines, attend-|*
 ing a meeting of the Eastern Asso-
.~ ciation for Computing Machinery,
cloged a three-day demonstration
of high-speed computing devices.
~ The performance records showed
that in its two-hour week, the fast-
. aat of the high-speed devices, the

hardware

www.EniaclnAction.com



Struggling for Reliability

e Frank E. Grubbs, Ph.D. student turned
mathematical analyst for BRL

— Pioneered statistical tests for outliers

e Three weeks of computer time before first useful
output produced
— Intermittents
— Power supplies “dumping”
— Error in mathematical treatment
— Time lost to hardware upgrades
— Unreproducible results
— Preparations for inspection by Secretary of Army



ENIAC Operations Log

Preserved, TP T TS

but never - Tu LML

used by
historians
previously
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Homer Spence

e Original an army
technical assigned
to ENIAC

e Returned to BRL as
civilian employee

e Spence “detected
so many cold solder
joints that he
simply went
through and
resoldered every
joint on the
machine.”

www.EniaclnAction.com



Usable Machine Time

})__,.—Ck\
ALY . S
T
L ‘\[
/ J\CB
—
5“‘"".(!'}*..‘-_ _ -,
Y WY 5
QUARTER 2 3 4 | 2 3 4 | 2 3 ] | 2 3 L) I 2
YEAR 1948 1949 1950 1951 1952

. O-===-0 CORRECTLY OPERATING ON THE SOLUTION OF REGULAR PROBLEMS.
2. ——i] LOCATING AND CORRECTING MACHINE TROUBLE
IN THE ENIAG, NON DUPLICATION TIME, AND DOWN TIME ON SPECIAL
PREVENTIVE MAINTENANCE.
3. b=\ PLACING NEW PROBLEMS ON THE ENIAG, CHECKING

PROGRAMMING, DATA ANALYSIS, AND DOWN TIME DUE TO HUMAN
OPERATING ERROR.

www.EniaclnAction.com



REMAKING ENIAC



Core Memory

e ENIAC’s biggest limitation
was its tiny writable
electronic memory

o “Register” delay line
memory ordered 1947.
Delivered, but never
worked.

* Random access static core |
memory delivered by

Burroughs corporation
1953

www.EniaclnAction.com



Biggest changes
concerned programming

* Traditional system started with step by step
chart of operations over time
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MOORE SCHOOL OF ELLC. ENG,
LiBiA
RY - . (1) {11) [§234] (1v)
Iype, Meanine, Shert Codo
Symel Symbal
x
First Draft of a Report : \
&n Lhne CLUAG ' ’ Miner cycle
- : 1s=(1) =
by (tady e—121)
John von Neumann :
- Etardard | Storage for the number dafined 'h;.rE =1 .. ]I%' i = Q
numbar i 1w 3l .
or fyg dpgmm 1y =if 1,207 (med 2}y o affer. | ”
. Crder i, is the sign: O for +, 1 for =
() 1F 0o is eonnacted to this miner cycle, then it
. operatss as an order,causing the tronafer of
inte Ipa. This does not epply however if this .
miner oyole follows {rmedictely wpon an ordsr
. w34 or wh —2 & .
Contract No. W-H70-0RD-L926 ) Cdor Order to carry ocut §he oporatien w in CA and to —— T
Between the {a) +(3) ldispese of the result. = is from the 1ist of ar L4y =1
" 11.4. Theso are ths operotions of 11.4, with wh = :
j.hﬂ.hd States Arsy Ordnance Department their surrent nufbers w end their symbols Wi -
) . : ¢ - |. w—s
and the ?;ga:{‘:} e deginal w,hinnr--ll o |w,dentmallw binary jur or
" 1]
o | oooD 4 5 0101 i wh AL
University of Pennsylvania | 1 I 8001 !... 6 o110 j
: , = polt | x 7 0111 5 sl
Order 3 I ©oll i-f- B 1000 b
_ {a) +(3) 4 0190 |« ) 1001 bd or
: h moans thet the result is te be held In s P whth -
- o : ~Jup msnns, that the result 1s to be trans-
. ferred inte the miner cysle pin the major eyele
Order u; —f, that it is to be transferrsd Inte the wh
{al miner eycle imaedistsly fellowing upon the erdeyf
—#i, that it 1s %o te transferred inkte I¢g=
* 1o -, that neo 1izposal is wanted (mpart {Fom hjl.
: : Opder Gpder to transfor the numbsr in the minor
Moere School of Electrical Engineering (- 1 P
University of Fennsylvania ) eycle  in the mojor oycle u into lg,. P
June 30, 1945 Ordor ' frder to connact 0O with the minor cyels in
the mejor eycle u. Ce—up




New Programming System

Inspired by 1945 “First Draft of L .

a Report on the EDVAC” by ke

John von Neumann oo

From March 1948 ENIAC BT T

control switches and wires no 5> ©

longer moved | Hose 133
Programs were written as ‘ l———
numerical codes read and | Jr —
executed from addressable | H SG M ot or.l
memory N
First modern computer gl 8

program ever run! " | K or lorl
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Moore School Programming Group

e Set up March 1947 here, under contract to
BRL

— First leader was Jean Bartik, who didn’t want to
leave Philadelphia with ENIAC

— Worked on applications and on “converter code”

— Probably the first time anyone was hired
specifically to do programming
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CONCLUSIONS



Female Pioneers

e Underrepresentation of women in
IT has inspired a hunt for female
role models and pioneers

e Historical figures become
figureheads for events
— Ada Lovelace (Day)

— Grace Hopper (Celebration of
Women in Computing) - >>

— The “women of ENIAC” increasingly
celebrated as “the first
programmers”

— Proof that women can program

www.EniaclnAction.com



“The Women of ENIAC”

(We explore the history of ENIAC in popular and
scholarly memory)

Title of 1996 article by W. Barkley Fritz

— Fragments of memoirs from many women who
worked on ENIAC

Kathy Kleiman works for decades on a film,
bringing more attention

— Esp. 1996 a 1996 WSJ column by Tom Petzinger

Jennifer S. Light 1999 paper “When Computers
Were Women”



Misremembering History

Groundbreaking for “Pennovation Center” Oct, 2014:

“Six women Ph.D. students were tasked with
programming the machine, but when the computer

was unveiled to the public on Valentine’s Day of
1946...”

(Report on the Penn website).

www.EniaclnAction.com



Erasing Women’s Contributions

e “Women of ENIAC” = the
first six operators

— Not the women who built
ENIAC

— Or Adele Goldstine who
wrote the manual and
trained & recruited other
women

— Or Klara von Neumann, who
coded the first modern
program ever run

— Or the many later operators
and programmers at BRL

www.EniaclnAction.com



Famous for being forgotten?

(_; [ e ytimes o 258 o0 om0 5] | ) mwduw— |
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BUSINESS DAY

Jean Bartik, Software Pioneer, Dies at 86

By STEVELOHR  APRIL

a8 Jean Jennings Bartik, one of
the first computer

B programmers and a EY
pioneering forerunner in a

Buiiding a better

¥ Tw technology that came to be working world
known as software, died on

& Mare! at a nursing home
in Poughkeepsie, N.Y. She

- How can a

divestment
The cause was congestive fund g rowth?
heart disease, her san,
Timothy Bartik, said. anmu
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Welcome to our computer
history museum. Once inside,
click on items to explore.

Click on the door to proceed.

2009 MNorthwest Missouri State University
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The
Innovators

How a Group of Hackers,
Geniuses and Geeks
Created the Digital
Revolution

m The Forgotten Female Progr=

L o C A | [1 www.npr.org/blogs/alltechconsidered/2014/10/06/345799830/the-forgotten-female-prog 17| B A

A
The Forgotten Female Programmers
Who Created Modern Tech

Author of

STEVE JOBS \

LAURA SYDELL

Listen to the Story Playlist
Download
Worming Edition . P B .
0
[

Isaacson

e “All the engineers who built
ENIAC’s hardware were
men...”

e “all the programmers who
created the first general-
purpose computer were

SHARE

”
W O l I l e n . B If your image of a computer programmer is a young man, there's a good

reason: It's true. Recently, many big tech companies revealed how few of their

female employees worked in programming and technical jobs. Google had

some of the highest rates: 17 percent of its technical staff is female.

www.EniaclnActiop.com It wasn't always this way. Decades ago, it was




The Computer Enters Business

www.EniaclnAction.com



Number of Installations

Computers Installed in the USA 1959-1965 (cumulative)

25000
20000
15000 —e—Large
—=— Medium
10000 Total
5000
0

1959 1960 1961 1962 1963 1964 1965 1966

In 1959 there are 45,000 punched card installations.

In 1962, IBM revenue from computer products
overtakes that from punched card products

www.EniaclnAction.com




Data Processing Staff, 1971

Data Processing
Management
5%

Analyst

Key Punch 9%
31% Analyst/
Programmer
11%
PunChz?)/d Card Programmer
0 17%
Operations
25%

www.EniaclnAction.com




Women Who Operate

We can’t fix the “Great Man” ? Condel oo

view of history by adding a few
“Great Women”
— Insistence on genius and
innovative breakthroughs
By 1950s, computer
operations and keypunch work
seen as almost blue collar
— Also the computer work most
likely to be done by women
“reclaiming these women as
the first programmers...glosses
over the hierarchies...among
operators, coders, and

analysts.”
(Wendy Hui Kyong Chun)

Rememberi o1 rai It | Digital Trends - Internet Explor =100 x|
@h . digitaltrends. o P =] *| [ Remembering ENiac, AndT... % || ok T
Fle Edit View Favorites Took Hep

j-‘] Search - | More 3> Haigh = & ~
BEFORE GATES, ZUCKERBERG, OR JOBS, 6 “
WOMEN PROGRAMMED THE FIRST DIGITAL
COMPUTER
EARN 50,000'NILES i

www.EniaclnAction.com




“Innovation” Associated With

e Science, Progress, the Future

— Silicon Valley
— Billionaires
e History, by definition, is about the past

 Famous Silicon Valley venture capitalist Vinod

Kholsa stated not long ago...

If subjects like history and literature are focused on too
early, it is easy for someone not to learn to think for
themselves and not to question assumptions, conclusions,
and expert philosophies. This can do a lot of damage.




Closing Thoughts

e History matters, even though IT has always
been focused on the future.

e There is more to history than “firsts” and lone
geniuses.

e Successful IT innovation has always depended
on maintenance, operations, logistics, and
many other kinds of invisible labor.



The Work of Innovation

ENIAC is the story of

— Smart (to very smart)

— Hardworking (to obsessive)

— Flawed

men and women who came together to do many kinds of
work more or less collaboratively.
They were in the right places at the right time, supported
by bigger institutions.
They did their jobs well enough in challenging times.
They changed the world, without superpowers.

All of them did that, even the secretary and the
draughtswomen and the wirewomen whose faces and full
names are forgotten.



Find out more...

e My website www.tomandmaria.com/tom

* Project website: www.EniacInAction.com

 Book, ENIAC in Action: Making and Remaking
the Modern Computer, MIT Press, 2016.



http://www.tomandmaria.com/tom
http://www.eniacinaction.com/
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