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A lone genius,
according to The
Imitation Game

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

Hand building
“Christopher”

— In reality
hundreds of
“bombes”
manufactured
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Isaacson’s “The Innovators”

. The
 Many admirable features Innovators
— Stress on teamwork “ e
— Lively writing G he Dt

— References to scholarly history
— Goes back beyond 1970s

— Stresses role of liberal arts in tech
innovation

* But going to disagree with some
basic assumptions
— Like the subtitle!

Isaacson
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Amazon
* |saacson has | o
7 of the top
101n
“Computer
Industry 7 a
History”
— 4 Jobs
— 3 Innovators A
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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, Isaacson said, the
women programmers were not invited to the
black tie event after the announcement.”
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Teams of Superheroes

How a Group of Hacke

Geniuses and Geek
Created the Digital
Revolution

Author of
TEVE JOBS

viewpoints

Historical Reflections

Innovators

Assemble:

Thamus Halgh and Marx Proestioy

Ada Lovelace, Walter Isaacson, and
the Superheroines of Computing

Can computing history be botk inspyring and avenrate”
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ENIAC as one of the “Great Machines”
I3
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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
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ENIAC in Computer History

e Often called the
first

“electronic, digital,
general-purpose
computer”

* A step on the path
to the “first stored-

program computer”

www.EniaclnAction.com
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Conventional Computer History

 Traditional focus
— 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 a great deal...
* Hence: ENIAC in Action



BUILDING ENIAC



Built 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

* John W. Mauchly

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

* J. Presper Eckert

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

www.EniaclnAction.com



Sponsor: Ordnance Department

-

e Ballistics Research
Laboratory

— Part of Aberdeen
Proving Ground,
which was part of = I
the Ordnance B o N

Range R vs Launch Angle © for a Given Initial Velocity V,
Department vl

Launch Angle of Elevation 8°

Parabolic Trajectories
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Engineering Team

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

And others...



Other Longtime Roles

* Moore School:
— Harold Pender, Dean
— John Grist Brainerd, Project Director
— Isabelle Jay, Secretary
— Marjorie Santa Maria, Draughtswoman

* Penn:
— Hans Rademacher, Numerical Methods Expert

* 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

* Detailed analysis of |
the firing tables ‘ ‘
problem in 1943 = e
fundamental e
design

e Butit could tackle
many other kinds
of problem
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Unique Architecture
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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

.....
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Procurement Challenges
: Ty
* Challenging to source
large quantities of high
performance components
in war economy HE B el
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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



Some Truly Forgotten Women

* Accounting & personnel
records show

— “Wiremen”

— “Technicians”

— “Assemblers”

Mr, H, I, Maclean, Comptroller
207 5. 36th Street

Dear Wr, Maclean:

Will you plsase be good enough to

mase

vatod /20/44

the paymmta indicated below, yneql

furtrer notice.

Very truly yours,

DATE

i s (6)

MOORE SCHOOL PROJECT - FX §2

o
PXPLANATION v

Dean,
Namo as it should leasun for paysit "l’hn interval Paymant. ﬂ .;c‘z:::m“eh
appear on check covp:;dm:y payment is to
be charged.
romot irn from
Treinee to
Frances Spurrier Arsistant Ber'noing April 3, 1944 ineronse | PX #2
Technlcian |[the salary of (Mps. Spurrier from
1550 ar yoas to $2000 per yvear. www.Eniac

nAction.com

CARRIED FORWARD
SALAR|ESe="

[
0 VOCR AN
P woOne

"ee

21043

31856

37140

13457

ROV 1744

NALAN

16,757 61

i5maan

1155040



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-
ployees, as do some of the monthly tabulations in “PX-2 Payrolls, 1944-1945" in the same
archival box. By mid-1944, women made up a clear majority of those being paid to create
ENIAC. Personnel records in MSOD, box 48 (MS-104) record earlier employment; pay rises
and changes of status are logged in MSOD, box 49 (PX-2 Accounts 1944). Unlike ENIAC's
operators, hired by the BRL the next year, these women have not been remembered by his-
tory, with the exception of Adele Goldstine (“Project Mathematician”). We can do little more
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 J. McCann (draftswoman), Rose McDonough, Mary E. McGrath,
Mary McNertchell, Gertrude Moriarty, Anna Munson, Ann O’Neill, Violet Paige, Jane L.
Pepper (draftswoman), Alice Pritchett, Ruth Ruch, Marjorie Santa Maria (draftswoman),
Nancy Sellers, Eleanor Simone (technician), Carolyn Shearman, Dorothy K. Shisler, Frances
Spurrier, Grace M. Warner, Evangeline E. Werley, Charlotte Widcamp, Sally Wilson, Diana
Wrenn, and Isabelle Jay (secretary).

www.EniaclnAction.com



Spinning Progress to Sponsors

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




PROGRAM

Speakers
“The President of the University of Pennsylvania
Da. Groxce Wan. McCrLeELLAND

The President of the National Academy of Sciences
Dr. Franx B, Jewrrr

The Chief of the Research and Development Service, Ordnance
Department, United States Army

Major Gexerar Graoron M, Barnes

The Dedication of the ENIAG (Information confidential until released)

The Electronic Numerical Integrator and Computer — the
ENIAC — is the fastest computing machine ever developed. [t will
perform more than one million additions or subtractions of ten-figure
numbers in five minutes, more than a million multiplications in an
hour. It can be used in the solution of mathematical problems from
the simplest to the most abstruse and of many problems proviously
not capahle of solution.

Under the direction of the Ordnance Department, United States
Army, the ENIAC was developed by the Maoare Schuol of Electrical
Engincering of the University of Pennsyivania.  The dedivation of this
pionecring scientific achievement will mark the inivial relense of in-
formation to the public and the first viewing of the ENIAC.

: MENU

Bii;:uc of Lobster

Filet Mignon Au Jus
or
Broiled Salmon Stesk

Fresh String Beans * Au Gratin Potatoes

Hearts of Lettuce, French Dressing

Cheese Crackers

lce Cream Fancy Cakes
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NY Times 15 Feb, 1946

 Based on earlier, Feb 1
1946 demo for journalists

Electronic Computer Flashes
Answers, May Speed Engineering

By T. B. KENNEDY Jr.
Zpeclal 1o THE New York TiMEs,

PHILADELPHIA, Feh. 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 hefore.
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 rebuilg |8Tator and computer,” has not a
scientific affairs on new founda- single moving mechanical part.
tions. Nothing inside its 18,000 vacuum

Such Instruments, it was said, tubes and several miles of wiring
could revolutionize modern en- [TOVeS ex"ept the tiniest elements
gineering, bring on a new epoch of mattcr-electr?ns. Tl?ere are,
of industrial design, and eventually ;hpwever.‘me_cha.mcal devices asso-
eliminate much slow and costly .E!ated Wlti‘l it which tranﬁate or
trial-and-error development worki interpret” the mathematical lan-
now deemed mnecessary in the guage of mm to t.er_ms undetstood
fashioning of intricate machines, [* -i¢ Eniac, and vice versa.
Heretofore, sheer mé.thema.tics.l .Cer&rr}onies dedicating the mas
difficulties have often forced de- chine will be held tomorrow night
signers to accept inferior soluﬁons-.at a dinner give_.n a.. gl‘ro'l.Ip of Gov-
of their problems, with higher !ern_ment: and scientific men at the
costs and slower progress. ;Umverslty of Pennsylvania, after

The

“Eniac,” as the new elet . 4. Colnmn 3
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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



ENIAC Operation

* A hand held unit
started/stopped

* Single step mode

* Adjustable clock
speed

www.EniaclnAction.com



Punched Card Machines

e Specialized units
— Sorter
— Collator
— Punch
— Tabulator

* Human operators
reconfigure machines and
move cards between
them
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Punch Card Machines

* |[nvented by
Herman Hollerith

* Original use for
1880 Census

* His company
eventually
becomes IBM

www.EniaclnAction.com



Punch Card Machines Evolve

1920s Late 1940s

www.EniaclnAction.com



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
m;ﬁ:mm‘e‘ ol Tx step . New height and 5| Prepare input deck
- -4
Geato tadins polation new vorticity for Operation 4
4 -
Jacobian Vorticity
Scale factors > S0 : >
(vorticity advection) tendency
[5] [6.7]
x-sines »-| First Fourier 5| X-iransform of »-| Prepare input deck
Scale factors transform (x) vorticity tendency for Operation 8
8] / [3,70]
y-sines »-| Second Fourier »-| yX-transform of »-| Prepare input deck
Scale factors transform (y) vorticity tendency for Operation 11
] 1" | < | 12 |
y-sines »-| Third Fourier »-| Yyx-transform of »| Prepare input deck
Scale factors transform (y) vorticity tendency for Operation 13
[13] / [1a )
X-sines »-| Fourth Fourier »-| Height »| Prepare input deck
Scale factors transform (x) tendency for Operation 15
[15] < [16 ]
Interieave | Height tendency »| Prepare input deck
tendencies vorticity tendency

www.EniaclnAction.com




ENIAC AS A MATERIAL SPACE



Poor Conditions at Moore School
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. . . : i mmmm“wam; mmmmmmmm T -muﬂ.mﬂ.mru b
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emptying buckets which ST e G ik e a1k d16,000016, 0

. changes improvements in the = i hpcrdired
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catch drips. | fetaes e R S
?. 444 D.C. disconnect switeh X ! P Aehh Bk
b.

(hange position of Functich Table T - =
and Accessories Nos. 19 and 20, {

T. Change filament fuszes to transformer

* Fire on October 26, 1945
— Shutdown circuits on blowers i sk R s i

[ | ] ]
« Provide Ballistic Iu-rnh Labora: |-
naneplatesn, “’"‘P' i i depdpds

prevent spread to other
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The Move to Aberdeen

-
SUMMARY STATUS OF ENIAC MOVING - 1 JULY 1947

Yalue of Contract Original  £5§,200
Change #1 2,500
Change #2 10,000

Total  $108,700,00

Bxpended to 1 July (per Comptrollers' sidtement)

86L,713.76
Subcontract Commitments 18,282.66

Overhead on subcontract commitments 1,828.26

Total expended & Committed 1 July 8L,682L.68

Remaining 1 July 923,875.32
To be done

Technicians, S& man weeks & $130/wk/man  £715.00
J.A.C. at Aberdeen 1 mo, with car ® L60/mo L60.00

Extra travel for 1 day trips by J.a.C. 70. 0
T.E.S. at Aberdeen 1 wk, @ 500/mo 115.00
R.E.M, at Aberdeen 1 mo. @ 1i00/mo 1150, %
H.J.G. at aberdecn 7 wks & 110/wk 770,00
JeaosCe Drafting 1 wk 82.00
Draftsman 1 mo 178.70
Overhead 82L.00
Total salaries, travel and overhead 3,85L.00
¥isc. expenditures 200,00
Total estimated to completion Li,05L.00
Estimated total available 17,821.32
H Cel
Subcontract 8,000,200
Overhead on subcontract 800,00
M. S. Service 400,00
Overhead on M. 5. Service _ 160,90
Total estimate for hung ceiling _9,360,00
Estimated total remaining £10,461.32

e Contracted to local
moving company

* Panels winched through
a hole in the outer wall.

www.EniaclnAction.com



Equipment Installation Plan




Ventilation Plans

www.EniaclnAction.com




Test Room Plans




Electric Service Plan




The Suspended Ceiling

* Proposed in
early planning,
but seen as
luxury

* Approved by
the Army only
in June, 1947

— Installed 1948

www.EniaclnAction.com



ENIAC as a Showpiece

* Even before ENIAC
was finished, there
were enough
visitors to trigger a
ban

* |n 1948, regular
visits by
delegations for
demonstrations

www.EniaclnAction.com



In December 1947

* Running on

production work 2

hours a week!

* 17% of time setting

up and testing
configurations

* 49% checking,

diagnosing, and fixing

hardware

*5' '}Au‘tomatic Computers Go Awry
~at Times, but Eniac, Fastest,
~ Qutspeeds Man 5,000 to One

By WILL LISSNER
. Special 16 THE Nrw Youx TiEs,
. ABERDEEN, Md., Dec., 13—The
' gastest automatic computer or
‘smathematical brain” in use works
only a two-hour week, mathemati-
icians 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 a

machine operated by human
' computer were made public as 300|
7 spe {n the machines, al‘t\end-\ ’
P in ting of the Eastern Asso-
g "i?dftl‘m? ?:r gOmputing Machinery,
o’ closed a three-day demonstration
~ of high-speed computing devices.
" The performance records showed
~ that in its two-hour week, the fast-
| aet of the high-speed devices, the

www.EniaclnAction.com




Struggling for Reliability

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

— Pioneered statistical tests for outliers

 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,
but never
used by
historians
previously



Homer Spence

* Original an army
technical assigned
to ENIAC

* Returned to BRL as
civilian employee

* 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

/o
100

30
/Hj
20 T__ ﬁ :
A ) B ¥ S 0
~ o 3 .S P —
10 — A ~4\.—...._,41\_\““/, 4 \\w ol
0
QUARTER 2 3 4 | 2 3 4 | 2 3 4 | 2 3 4 I 2
YEAR 1948 1949 1950 1951 1952

. O-=-=-O0 CORRECTLY OPERATING ON THE SOLUTION OF REGULAR PROBLEMS.

2. 0—o_O LOCATING AND CORRECTING MACHINE TROUBLE
IN THE ENIAGC, NON DUPLICATION TIME, AND DOWN TIME ON SPECIAL
PREVENTIVE MAINTENANCE.

3. b—~—--A PLACING NEW PROBLEMS ON THE ENIAC, CHECKING
PROGRAMMING, DATA ANALYSIS, AND DOWN TIME DUE TO HUMAN

OPERATING ERROR.
www.EniaclnAction.com



UPGRADES TO ENIAC



New Programming System

* From March 1948 ENIAC EC
control switches and Nabs (83 -
wires no longer moved N

* Programs were writtenas £

numerical codes read and T |
executed from | i (601 3900554 |
addressable memory | ji = (Eanlee
* First modern computer " e
program ever run! Sl






A complex human-readable text,
written in 1948 by Klara von Neumann

Many different layers of information
Added to and amended over time

Central repository of information about the program



ENIAC read only the 2-digit codes,
set on switches by operators



Earlier ENIAC “programs” are tables or diagrams
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that tell you how to set up ENIAC for a specific problem
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With ENIAC’s successor, the EDVAC,

programming takes a linguistic turn



MOORE SCHOOL OF ELEC. ENG,

Firet Draft of a Report

" Contract No. W-670-ORD-4926

!}nitcd States Army Ordnance Department

University of Pennsylvania

Moore School of Electrical Engineering
University of Pennsylvania

LIBRARY

on _the EDVAC

by

John ven Newmann

Between the

‘md the

June 30, 1945

Jablo.

(1) (1n) (111) ()
Typo, Meaning, hor Codo
yviubol Symbol
Minor* cycle
1 =( =
(tolyip—121)
Standard | Storage for the number definod by £ =1_.. lg 4, =0
nunber ‘i.L 251-V 3}
or 130 29— 1 =45 tv (mod 2)y < 2fca. |
Order 1 is the sign: O for +, 1 for =.
() 1+ 0C is comnected to this minor cycle, then it
operates as an order,causing the transfer of
into Igg. This does not epply however if this .
minor cycle follows {rmodiately upon &n order
w~3A or wh = A, :
Order Order to carry out the operation w in CA and to w—up TS
(a) +(3) laispose of the result. w is from the 1list of or oy haamf)
11,4, Theso are the operations of 11.4, with i 1
| thoir currént nuibers w and their symbols wi
. owal
(()Se:(é) wydecina wobinery =l decinellw binary ju or
o 0000 ;. 5 0101 1 wh-a{
) | 1 0001 !~ 6 0110 3
' . 2 0010 x ¥ ¢ 0111 s o
Order 3 001l |/ B 1050 db
(a) +(3) 4 0100 v 9 1001 bd or
h motns thet the result is to be held In Ogas i '3
—Jup means, that the rosult iz to be trans-
ferred into tho minor cycle pin the nojor cycle
Order u; —f, that it iz to be transferrcd into the wh
(a) miner cycle imuedistely following upen the ordey
— A, that it is %o be transferred into X“;
‘ no -», that no 1izpossl ic wanted (apart from h).
Order Order to transfor tho number in the minor
@ - eyclo in tho major cyelo u into Igy. Ae-up o
Ordor : Order to comnoct CC with tho minor cycle in
Ce—up

tho major cyclo u,
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ENIAC is set up to read and interpret

an EDVAC-style numerical code
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Marginal notes on the listing cross-reference

a flow-diagram used to plan the program






Similar diagrams were used from before the conversion






pulse stepper C(2)

' BT 5@

0 Se Ol‘l(b)
§ )
1 1l
14 14
stepper D (2)
7S
- =10 n| 250 1
0 Se

S

16 7

m

; 8
stepper £ (2), no counter
0 nl

Se

N

o | iOT

14 ’
card
punch
19
stepper F (2), no counter
51 &
A 'l r4

Ficure 10, Master-programmer set-up for control of computation of null-order functions.
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Annotations on the listing document a

step-by-step “paper run” to check the code
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that we can replicate on an emulator



File Edit Wiew Terminal Tabs Help

Al
A2
A 3
A4
A5
A6
A7
A 8
A9

IU:
CY:

Add time:

s) start;
p) pulse;

g) quit

: M98918080O0BO
: POOOOOOOOLO
: PODOOOOOOOO
: POOOOOOOOOO
: M9999999999
: PODOOOGET71T6
: P1121717055
: POODOOOO542
: POOOOOOOOOO
2*A10:
All:
Al2:
Al3:
Al4:
Al5:
Al6:
Al7:
Al8:
Al19:
*A20:

POOOOO56790
P5679000000
P5679000000
POOOOOOOOOO
PO268800000
P1531717055
P6790098765
POOOOOOOOOO
P1993500000
P1000OOO209
POOOOOOOOOO

1125

t) stop; r)

a) 1 add time;

c)

CT.
CT.
CT.
CT.
CT.
CT.
CT.
CT.
CT.
CT.

FT.
2*%FT.
FT.

MULT:
DVSQ:

IU.R:
IU.P:

ALIommoo @

Ll Pl =

continuous T)

: POOOOOOOOOOP
: POOOOOOOOOOP
: PO10O0OOOOOOP
: M9891807999P
: P4096000O0OOOP
: POOOOOOOOOOP
: PO1O10BOOOOP
: POOOOOOOOOOP
: P5679009876P
: P10GOOOO20OP

: 73

MP.
MP.
MP.
MP.
MP.
MP.
MP.
MP.
MP.
MP.

BP:
PC:
FTS:
0S:
CONV:
PMD1:
PMD2 :

AuLuITIoommMmoMmms

el it il e

/1
00/00
0e0/000
BeO/000
0/1

0/1
00/00
000/000
Be0/001
6/0

176
176

reader start; i) push IPS; 1) initial clear
set bp to F-1



Other dimensions of the program include

What did it do?
A Monte Carlo simulation of chain
reactions in nuclear material

How did it do it?
Complex program structure (c. 800
instructions), including a subroutine to
generate pseudo-random numbers



Moore School Programming Group

* 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



Core Memory

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

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

* Random access static core &
memory delivered by

Burroughs corporation
1953

www.EniaclnAction.com



DATA PROCESSING OPERATIONS
WORK IN THE 1950S & 60S



The Computer Enters Business

*
v < WITH UNIVAC

FACT . TROLLER

! ISINES
THE ELECTRONIC ERA FOR Bl

www.EniaclnAction.com



Number of Installations

25000

20000

15000

10000

5000

0

Computers Installed in the USA 1959-1965 (cumulative)

—e— Large
/ —=— Medium
Total

e e

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




Data Processing Staff, 1971

Data Processing
Management
5%

Analyst

Key Punch 9%
31% Analyst/
Programmer
11%

Punched Card P

204 rogrammer

17%
Operations
25%
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CONCLUSIONS



Female Pioneers

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



“The Women of ENIAC”

* Title of 1996 article by W. Barkley Fritz

— Fragments of memoirs from many women who
worked on ENIAC

e Kathryn Kleiman works for years on a film,
bringing more attention
— Esp. 1996 a 1996 WSJ column by Tom Petzinger

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



Now Applied Narrowly

 “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 g
coded the first modern
program ever run

— Or the many later operators
and programmers at BRL

www.EniaclnAction.com



The
Innovators

Walter Isaacson

The Forgotten Female Programmers
Who Created Modern Tech

Isaacson

* “All the engineers who built
ENIAC’s hardware were

”

men...

e “all the programmers who
created the first general-
purpose computer were |
women.”

- il
e 7 L
ﬁ -t
g :'
E =t
i -
: oy
2 S

- ¥

reason: It's true. Recently, many big tech companies revealed how few of their
female employees worked in programming and technical jobs. Google had

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

www.EniaclnActiop.com 1t wasn't always this way. Decades ago, it was @




Still forgotten?

€ 1o b Bort o Comres P, 1000 04 80 WV Smns bt R -

[ |

B n e Syaee e oW

N —————— |
j'|~"~" Rwon A~

Sumes € G Ehe New Hork Times ussee [N ©
BUSINESS DAY

Jean Bartik, Software Pioneer, Dies at 86
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Google “first programmers”

- chA A 0 LT 0 A
Google vt compoe programmens” Ea wee 0 E 8 f
:
2 o

Top hit is Ada Lovelace

Next six hits are the
ENIAC women

But... Nobody
celebrates the “first
computer operators.”

www.EniaclnAction.com



Girls Who Code vs. Women Who Operate

£ e rmbocr HOAC Ard The Wesmien, Whs Frogramemed 11 | Dugt Tiovsts | irtmrmt £ -l
e S Y. o0 2] Dinessergnoc s, ||
* We can’t fix the “Great Man” T e
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)

2
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Cloud Computing

www.EniaclnAction.com



The Age of the Cloud

* “Cloud” metaphor hides from view the actual
physical infrastructure and challenges of
computing...

e ...just as a focus on genius, conceptual
breakthroughs, and programming has hidden
the historical reality of early computing from
view.



“Innovation” Associated With

e Science, Progress, the Future
— Silicon Valley
— Billionaires

* History, by definition, is about the past

* Famous Silicon Valley venture capitalist
Vinhod Kholsa just wrote...

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.



One Ironic Proposal

* The Maintainers: How a Group of Bureaucrats,
Standards Engineers, and Introverts Made

Digital Infrastructures That Kind of Work Most
of the Time — Andrew Russell

* “The Maintainers” conference is running at
Stevens University, April 8



Closing Thoughts

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

* There is more to history than “firsts” and lone
geniuses. Don’t believe Hollywood.

* Successful IT innovation has always depended
on execution, operations, logistics, and doing
the little things well.



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 names are
forgotten.



Find out more...

* My website www.tomandmaria.com/tom

* Project website: www.EniaclnAction.com

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