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CONVENTIONAL HISTORY OF 
COMPUTING
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The Battle for “Firsts”

www.EniacInAction.com

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.amazon.com/Invented-Computer-Changed-Computing-History/dp/1591020344&ei=vdcxVcfTAoLfsATg84GAAw&bvm=bv.91071109,d.cWc&psig=AFQjCNFhoeFcMGDvLi18sOMBxRkkdWVP3Q&ust=1429416215892763


Example: Alan Turing

• A lone genius, 
according to The 
Imitation Game
– “I don’t have time 

to explain myself 
as I 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”

• Many admirable features
– Stress on teamwork

– Lively writing

– 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!
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Amazon

• Isaacson has 
7 of the top 
10 in 
“Computer 
Industry 
History”

– 4 Jobs

– 3 Innovators
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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

www.EniacInAction.com



ENIAC as one of the “Great Machines”
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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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The “Computer Tree”
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ENIAC in Computer History

• Often called the
first

– “electronic, digital, 
general-purpose 
computer”

• A step on the path 
to the “first stored-
program computer”
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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
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BUILDING ENIAC
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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
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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
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Sponsor: Ordnance Department

• Ballistics Research 
Laboratory

– Part of Aberdeen 
Proving Ground, 
which was part of 
the Ordnance 
Department
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Engineering Team

• T. Kite Sharpless

• Arthur Burks

• Robert Shaw

• Joseph Chedaker

• Chuan Chu

• Frank Mural

• And others…
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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
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Structured from Mathematical Analysis

• Detailed analysis of 
the firing tables 
problem in 1943 
guided ENIAC’s 
fundamental 
design

• But it could tackle 
many other kinds 
of problem

www.EniacInAction.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
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ENIAC Storage

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

• Challenging to source 
large quantities of high 
performance components 
in war economy
– Vacuum tubes

– Precision resistors

– Custom power supplies
• 78 voltage levels from 28 

different power supplies

– Even wire!
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Physical Construction

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

• 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
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Some Truly Forgotten Women

• Accounting & personnel 
records show

– “Wiremen”

– “Technicians”

– “Assemblers”
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Almost 50 confirmed 
“ENIAC Women” In 1944 Alone

www.EniacInAction.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.”
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Launch Day: 15 February, 1946
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NY Times 15 Feb, 1946
• Based on earlier, Feb 1 

1946 demo for journalists
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OPERATING ENIAC
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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
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ENIAC Operation

• A hand held unit 
started/stopped

• Single step mode

• Adjustable clock 
speed
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Punched Card Machines

• Specialized units
– Sorter
– Collator
– Punch
– Tabulator

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

• Invented by 
Herman Hollerith

• Original use for 
1880 Census

• His company 
eventually 
becomes IBM



Punch Card Machines Evolve

1920s Late 1940s
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ENIAC as Part of a Bigger System
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Weather Prediction Application (1950)
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ENIAC AS A MATERIAL SPACE
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Poor Conditions at Moore School

• Floods in October & 
December 1945
– December 25 flood from 

snow melt, Mauchly went 
home at 3am leaving “about 
five men still working, 
mopping up water and 
emptying buckets which 
catch drips.”

• Fire on October 26, 1945
– Shutdown circuits on blowers 

prevent spread to other 
panels
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The Move to Aberdeen

• Contracted to local 
moving company

• Panels winched through 
a hole in the outer wall.
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Equipment Installation Plan
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Ventilation Plans
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Test Room Plans
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Electric Service Plan
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The Suspended Ceiling

• Proposed in 
early planning, 
but seen as 
luxury

• Approved by 
the Army only 
in June, 1947

– Installed 1948
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ENIAC as a Showpiece

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

• In 1948, regular 
visits by 
delegations for 
demonstrations
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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
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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
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ENIAC Operations Log

• Preserved, 
but never 
used by 
historians 
previously 
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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.”
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Usable Machine Time
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UPGRADES TO ENIAC
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New Programming System

• From March 1948 ENIAC 
control switches and 
wires no longer moved

• Programs were written as 
numerical codes read and 
executed from 
addressable memory

• First modern computer 
program ever run!

www.EniacInAction.com





A complex human-readable text, 
written in 1948 by Klára 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







that tell you how to set up ENIAC for a specific problem







With ENIAC’s successor, the EDVAC,

programming takes a linguistic turn







ENIAC is set up to read and interpret

an EDVAC-style numerical code







Marginal notes on the listing cross-reference

a flow-diagram used to plan the program





Similar diagrams were used from before the conversion













Annotations on the listing document a

step-by-step “paper run” to check the code







that we can replicate on an emulator





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
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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
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DATA PROCESSING OPERATIONS 
WORK IN THE 1950S & 60S
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The Computer Enters Business
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Computers Installed in the USA 1959-1965 (cumulative)
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In 1959 there are 45,000 punched card installations.

In 1962, IBM revenue from computer products
overtakes that from punched card products 
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Data Processing Staff, 1971

Data Processing 

Management

5%

Analyst

9%

Programmer

17%

Punched Card

2%

Key Punch

31%

Operations

25%

Analyst/ 

Programmer

11%
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CONCLUSIONS
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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
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“The Women of ENIAC”

• Title of 1996 article by W. Barkley Fritz

– Fragments of memoirs from many women who 
worked on ENIAC

• Kathryn Kleiman works for years on a film, 
bringing more attention

– Esp. 1996 a 1996 WSJ column by Tom Petzinger

• Jennifer S. Light 1999 paper “When 
Computers Were Women”
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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 
coded the first modern 
program ever run

– Or the many later operators 
and programmers at BRL
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Walter Isaacson

• “All the engineers who built 
ENIAC’s hardware were 
men…” 

• “all the programmers who 
created the first general-
purpose computer were 
women.”
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Still forgotten?
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Google “first programmers”

• Top hit is Ada Lovelace

• Next six hits are the 
ENIAC women

• But… Nobody 
celebrates the “first 
computer operators.”
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Girls Who Code vs. Women Who Operate

• We can’t fix the “Great Man” 
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)
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Cloud Computing
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The Age of the Cloud

• “Cloud” metaphor hides from view the actual 
physical infrastructure and challenges of 
computing…

• … just as a focus on genius, conceptual 
breakthroughs, and programming has hidden 
the historical reality of early computing from 
view.
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“Innovation” Associated With

• 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.

www.EniacInAction.com



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
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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.
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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.
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Find out more…

• My website www.tomandmaria.com/tom

• Project website: www.EniacInAction.com

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