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Front cover: Public announcement of ENIAC, 1946.

From left: 1. Presper Eckert, Chief Engineer;

Prof. J. G. Brainerd, project supervisor;

Sam Feltman, Chief Engineer for Ballistics, Ordnance Dept.;
Captain H. H. Goldstine, Liaison Officer;

Dr. J. W. Mauchly, Consulting Engineer;

Dean Harold Pender, Moore School of Electrical Engineering;
General 6. M. Barnes, Chief, Ordnance R&D Service;
Colonel Paul N. Gillon, Chief, Research Branch, ORDS.
(Photo: John Mauchly Papers, Dept. of Special Collections,
University of Pennsylvania Library)

Below: Detail of the circuit design for the accumulator
sections of the ENIAC Il chip (see page 7).

Back cover: Test fabrication of the accumulator sections
of the ENIAC Il chip. The actual test chip (center)
measures less than a quarter of an inch square.
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d g()lden anniversary

- BY GREGORY C. FARRINGT@ND PETER C. PATTON

alentine’s Day 1996 marks the 50th anniversary Now a global economy is developing, made possible
of the ENIAC, the world’s first general-purpose by rapid, computer-based telecommunications. Similarly

electronic computer, created at the Moore politics, health care delivery, and the structure of the
School of Electrical Engineering at the University of corporation are being transformed as the information age
Pennsylvania. Many historians gathers momentum.
date the beginning of the infor- How we educate and learn

mation age to the hushed mo-
ment when the ENIAC’s 18,000
vacuum tubes first began to glow.
The subsequent history of
computing parallels the history
of printing. The development of
the rotary pressinthe early 1800s,
some 300 years after Gutenberg
invented moveable type, made
inexpensive printing possible and
gave birth to the great informa-

is also changing. When
information can be anywhere
and everywhere, instantly, and
students and faculty can
interact wherever they might

be, not just in the classroom,
the stage is set for a transfor-

‘ mation in how students learn
and how schools serve society.

Technology gave us the
) ¢ * ) '€ “information society.”

University of Pennsylvania

tion age of print. Literacy rates * Humans can now create a
rose dramatically, and universal more democratic “learning
education became economically Y society” in which information
feasible. access and a quality education
What took centuries for * will increasingly become
printing took only a few decades * available to all. The richest
for the computer. By the early * * information resources from
1980s, miniaturization had made the largest libraries can be
possible powerful, inexpensive The birth of brought to the middle of the
desktop computers. Only a de- _ ' ' smallest town. Computers do
cade ago, computers made the the information age not care if you are witty,
transition from machines for handsome, rich or poor, black
computation to machines for or white—or live in the center
communication. Desktop com- of New York or the middle of
puters have become inexpensive Peru. You can be connected to
telecommunications centers, transmitting data, print, sound,the world, learn and teach, run a business, make money or
and video around the world. lose it, or just talk to colleagues and friends around the
When George Orwell created his nightmare vision, world.
1984 new communications tools were feared as instru- The real revolution the ENIAC created is not one of

ments for enslavement. Now they are more frequently  numbers and bytes, but one in which people, regardless of
seen as engines of freedom. Many argue that the Berlin geography and politics, can communicate with and learn
Wall fell and the governments in Eastern Europe and the from each other. The computer has become a tool of
Soviet Union collapsed because of fax machines and personal liberation, and the revolution has only begun.
PCs. With these new technologies it is no longer possible

to wall out information and isolate people. Politically GREGORY C. FARRINGTON is Dean, School of Engi-
and economically computers have become the revolution-neering and Applied Science; PETER C. PATTON is Vice
ary artillery of the 21st century. Provost, Office of Information Systems and Computing.
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From ancient times, people have

used digital devices as computa-
tional aids. Fingers and toes, the
quintessential digital devices,
gradually gave way to sticks and
pebbles. Stone counters, used by
the Greeks before 450 B.C., were
an early form of abacus that the
Romans adopted around 50 B.C.
and which later developed into
the medieval European counting
board. Some of the highlights
along the road that led to the
ENIAC are listed here; the
chronology is based on material
in Landmarks in Digital Comput-
ing: A Smithsonian Pictorial
History by Peggy A. Kidwell and
Paul E. Ceruzzi (1994).

highlights in the history of computing
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The abacus, using beads strung on wires and mounted in a
frame, was in widespread use in China.

The quipu, a system of knotted strings, was in extensive use by
Peruvian Incas.

John Napier described logarithms.

Napier described his calculating rods, or “bones,” in a book
published the year he died.

Wilhelm Schickard, in a letter to Johannes Kepler, gave the first
known description of an automatic adding machine.

Blaise Pascal invented an adding machine; it is the oldest
surviving example of a true adding machine where tens carry.

Gottfried Wilhelm Leibniz’s calculator mechanized multiplica-
tion as well as addition.

Joseph Marie Jacquard began work on an automatic loom that
used punched cards to control the manufacturing process.

Charles Babbage completed a model of the difference engine, a
device that linked adding and subtracting mechanisms to one
another to calculate the values of more complex mathematical
functions.

Babbage turned from construction of the difference engine to a
far more ambitious analytical engine: a machine that embodied
in its design most of the features of a modern digital computer.

Ada Augusta, Countess of Lovelace, published a description of
Babbage’s analytical engine that incorporated many of the
concepts of modern computer programming.

Victor Schilt exhibited a key-driven adding machine at the
Crystal Palace Exposition in London.

The Scheutz difference engine, the world’s first printing
calculator, was completed.

George Boole publishddaws of Thoughtwhich led to what

would be called Boolean algebra. His rules for manipulating
logical expressions would be adopted by computer designers as
the basis for the electronic circuits or “logic” of computers.

James and John Ritty patented a cash register.

John H. Patterson and his associates acquired the Ritty patents
and established National Cash Register Company (NCR).

Dorr Felt constructed the “macaroni box” prototype for his key-
driven adding machine.
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1890 Hollerith punched-card equipment was used in the U.S. census.

1891 William S. Burroughs began commercial manufacture of his
printing adding machine.

1893 The Millionaire calculator, introduced in Switzerland, allowed
direct multiplication by any digit and was used by government
agencies and scientists, especially astronomers, well into the
20th century.

1911 Charles Flint founded the Computing-Tabulating-Recording
Company (C-T-R), which produced and sold electronic Holler-
ith tabulating equipment, time clocks, and other business
machinery. James Powers began manufacturing a mechanical
punched-card system that competed with Hollerith's. His
machines eventually were made and sold by the Remington-
Rand Corporation.

1917- At Aberdeen Proving Ground, in Maryland, mathematical
1918  techniques for computing and printing firing tables for new
types of advanced ordnance used in WWI were developed.

1918 Charles Kettering developed the Kettering Bug—an unmanned
flying bomb guided by internal gyroscopes.

1919 Early versions of the Enigma cipher machine were built in
Europe.

1924 Thomas Watson, President of C-T-R, changed the company’s
name to International Business Machines Corporation.

1928 IBM adopted the 80-column punched card, the standard for the
next 50 years.

1930 Vannevar Bush of MIT developed the differential analyzer, a
large analog computer.

1936 Alan Turing, a British mathematician, published “On Comput-
able Numbers...,” a description of a “machine” that could in
principle solve any mathematical problem presented to it in
symbolic form. His proof of the feasibility of building a
“general purpose machine” provided the theoretical basis for
modern computer software.

1937 George Stibitz, a research mathematician at Bell Telephone
Laboratories, built a binary adder out of a few light bulbs,
batteries, and wire on his kitchen table. His Model K (for
“kitchen”) demonstrated the feasibility of mechanizing binary

arithmetic.
1938 Claude Shannon of MIT showed in theory what Stibitz had
demonstrated with the (continued on next paye
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ENTAC-on-a-Chip

BY JAN VAN DER SPIEGEL

it to fit a silicon chip the size of your fingernail.

Place the chip on a tiny circuit board. Connect
the circuit board to a PC running graphical software
simulating the ENIAC’s look and feel. This is the recipe
that students and faculty at the School of Engineering
and Applied Science—uwith support from the National

I I | ake the ENIAC, an 80 by 3 foot giant, and shrink

Science Foundation and Atmel Corporation—are using to

create the ENIAC-on-a-Chip Kit, a teaching tool that
dramatically illustrates the performance improvements
brought about by semiconductor technology.

The chip preserves the ENIAC’s original architecture
and basic circuit building blocks as much as possible. To

The chip, fabricated in a technology whose smallest
features are .8 micrometers, is due back from the silicon
foundry in mid-April. Following is a comparison between
the ENIAC and ENIAC-on-a-Chip:

ENIAC  ENIAC-on-a Chip

Vacuum tubes 18,000 none
Transistors none 250,000
Resistors 170,000 none
Capacitors 10,000 none
Footprint 80x3 ft 8x8 mm
Clock speed 100 kHz 20 MHz*
Power 174 kW 0.5 W*
*estimated

recreate the giant computer using modern technology, the

ENIAC’s 18,000 vacuum tubes and 170,000 resistors
were modeled with 250,000 tiny transistors, mechanical
switches were replaced with electronic ones, and digit

Once back from the foundry, the chip will be mounted
on a small, printed circuit board and connected to a PC.
The PC will be equipped with a graphical interface that

and programming trunks were implemented as tiny metal allows a user to interact with the chip. The interface will

lines interconnected through cross-point switches. The
chip performs the same functions that its 30-ton prede-
cessor pioneered 50 years ago. ENIAC-on-a-Chip
includes the following units:

» 20 accumulators—the arithmetic workhorses, which
also serve as memory elements

* constant transmitter—the module that allows initializa-
tion of the accumulators to a constant integer

 cycling unit—the master clock that synchronizes the
operation of all modules

* initiation unit—the element that tells all modules when
to start computation

» function table—the module that gives arbitrary
functional dependence for the input

» master programmer—the higher level arithmetic
coordinator that allows more sophisticated program-
ming of the chip

* high-speed multiplier—the module that manipulates
the accumulators to perform multiplication

« divider—the module that manipulates the accumulators

to perform division
» square rooter—the module that manipulates the
accumulators to perform square roots

march 1996

display the front panels of the tB&IAC with its program-
ming switches, control switches, and interconnection
cables (digit lines and programming lines). The user will
select the switches to generate the proper program settings
and interconnections to create a data file. The file will be
sent to the chip and the output of the chip (lights indicating
the output of the accumulators) will be read back into the
PC for display, allowing the user to evaluate results.

The ENIAC-on-a-Chip Kit, consisting of chip, printed
circuit board, PC software, and a set of demonstration
programs (data files), will be available to a variety of
organizations and institutions, including the National
Science Foundation and the Smithsonian. The multidi-
mensional educational and intellectual benefits of the kit
will not only inspire students in engineering and science
but will reach out to a larger audience ranging from
historians to high school students and the public at large.

For more information about ENIAC-on-a-Chip, the
Kit, and the student and faculty developers,igge//
www.ee.upenn.edu/~jan/eniacproj.html

JAN VAN DER SPIEGEL is Professor of Electrical
Engineering at the School of Engineering and Applied
Science.



the story of || ENIAC

BY DILYS WINEGRAD

n February 14, 194G he New York Times repetitive ones, over to a machine. Adolph Matz, a
announced the unveiling of “an amazing Wharton School professor, predicted that “completion of
machine which applies electronic speeds for the the first all-electronic general-purpose computing

first time to mathematical tasks hitherto too difficult and machine [would open] the future to the development of
cumbersome for solution.” “Leaders who saw the device business machines heretofore undreamed of . . . and may
in action for the first time,” the report continued, “her- well also revolutionize methods and systems of dealing
alded it as a tool with which to begin to rebuild scientific with everyday business transactions.” But in 1945 his
affairs on new foundations.” With these prophetic words, ideas on applications to commercial enterprise were

the world’s first large-scale electronic general-purpose  dismissed as “too ephemeral,” and his article, “Electron-

digital computer, developed at the Moore School of ics in Accounting,” was initially rejected by the official
Electrical Engineering at the University of Pennsylvania magazine of the Association of Accountants. As John
in Philadelphia, emerged from the wraps of secrecy Maynard Keynes observed, “The difficulty lies not in the
under which it had been constructed in the last years of new ideas, but in escaping the old ones.” In this spirit,
World War IlI. Lord Kelvin in 1887 observed that radio had no future,

The Timesreporter went on to predict that the advent the telephone was described in 1876 as “only a toy’—
of a flexible computer would revolutionize all areas of and John Logie Baird was kicked out of an office in 1925
science. A great many mathematical models that had  as a possibly dangerous lunatic for claiming to have “a
been around for generations were suddenly practical machine for seeing by radio.”
propositions available for use by engineers and physi- In the 1940s, however, the nation had been ready for
cists. Once the new invention had been put through its a breakthrough in computer technology. Not surpris-
paces in public, there was widespread interest in seeing ingly, the quantum leap in computer development
how it worked. In the summer of 1946 an expert occurred during World War 1l in response to urgent
audience attended the famous Moore School Lectures, atmilitary needs. During the national emergency, the
which the speakers constituted a veritable who’s who of Moore School’s differential analyzer—the most sophisti-
computing. The significance of the ideas was variously cated computing instrument available for scientific use

received, some patrticipants remaining less than con- before the ENIAC—was in constant use working out
vinced. Nonetheless, the National Bureau of Standards ballistic tables. A course in the design of electrome-
was sufficiently persuaded to begin building its own chanical instruments had also been instituted at the

computers. And Project Whirlwind at the Massachusetts School. At any other time the ideas that were elaborated
Institute of Technology finally changed from analog to and put into effect at the University of Pennsylvania

digital technology. would have been dismissed as interesting, impractical—
Skepticism was by no means confined to proponents and certainly too expensive.
of rival technologies. Banks and insurance companies, A variety of personnel had arrived at the Moore

far from grasping the potential of the computer, seem to School to serve in the war effort. Large numbers of
have been put off by the notion of turning decisions, even “human computers”—young women with mathematics
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degrees, supplemented by other specially trained re- the response that greeted his proposals for developing an
cruits—were engaged in computing the ballistic tables, electronic computer. Knowing this, when the American
and select students attended the Moore School’'s Engi-  Association for the Advancement of Science met at Penn
neering, Science, Management War Training course in 1940, Mauchly had opted to deliver his paper on
(ESMWT) at government expense. Several PhDs among weather statistics to the physics section. In the audience
them were hired to replace the Penn professors who had was John Atanasoff, a professor from lowa State Univer-
been called up. One of these, John W. Mauchly, who sity, who, together with his graduate student Clyde Berry,
taught physics at neighboring Ursinus College, had was at work on an electromechanical rotary dynamic
originally signed up for a course on the theory and designstorage register. Mauchly and Atanasoff discussed their
of computing instruments. mutual interests then and on subsequent occasions.

The graduate student responsible for running the lab The machine Atanasoff proposed permitted a number
associated with the ESMWT course, John Presper Eckertto be added to another number that had previously been
Jr., was described at the time as “undoubtedly the best  “stored” in the form of electrostatic charges. Designed to
electronic engineer in the Moore School.” Still in his solve a single class of problems, not at electronic speeds,
early twenties, Eckert had already secured a patent for it had no programming. Like many ingenious inventions,
recording sound on film. The Navy adopted a device he it was never finished. Although not a computer in any
had developed to check the effectiveness of magnetic useful sense, years later when the importance of comput-
mine sweeping airplanes. Eckert and Mauchly found ers had been fully recognized, this device was adjudged
time to chat about the ideas that fascinated both. “prior art” by a Federal court. The decision, which

Because his primary research interest in meteorologydenied eligibility for patent protection to the Eckert/
involved enormous amounts of statistical data, Mauchly Mauchly invention, came in the context of business
was constantly looking for ways to speed up computa- interests and a rapidly expanding computer industry.
tion. He had already investigated the use of cold cathode Before the war, researchers at the Moore School had
tubes—much slower than vacuum tubes and with a used the School’s version of the differential analyzer,
poorer margin of safety, but with the advantage that they then the largest mechanical computing machine in the
dissipated less power and were far more economical. Forworld, to study nonlinear and varying-parameter differen-
his meteorological investigations, he had constructed an tial equations. When the Army took over operations in

analog device that he named a “harmonic analyzer.” 1942, the Moore School became something of an
Eckert soon decided that Mauchly’s ideas on extension of the BRL for the remaining war years—an
electronic computation were technically feasible. He early model of university/government cooperation. The

immediately set about applying his engineering ingenuity human computers working on ballistics using hand-held
and native genius to the problems that would have to be calculators came under the supervision of Lieutenant
worked out. Encouraged by Eckert’s receptivity to his Herman Goldstine, a young, Chicago-trained

It seems barely credible that scientists, engineers,
and businessmen five scant decades ago did not
grasp the implications of the new technology:

theoretical ideas and spurred by the serious considerationmathematician stationed at the BRL.

that they might be implemented, Mauchly wrote a five- A trajectory that could take up to 40 hours to

page memo entitled “The Use of Vacuum Tube Devices calculate using a desktop calculator could be computed in
in Calculating.” Among other things, he pointed out that 30 minutes or so on the differential analyzer. But, since
an electronic machine performing 1,000 multiplications  each firing table involved hundreds of trajectories, it

per second would be able to compute complete trajecto- might still require the best part of a month to complete a
ries in minutes rather than days. This memo became table. In 1943 the Allies landed in North Africa, an event
the basis of the report subsequently submitted by the that presented the military with totally new terrain and a

Moore School to the Army’s Ballistic Research whole new set of problems for operating ordnance. The
Laboratory (BRL). growing backlog of firing tables provided the

The meteorological community considered final impetus for serious experimentation in the field
Mauchly’s theories crackpot notions, which was much of computers. ¢ontinued on next pape
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Aware that the military were more likely than other
government agencies to take a calculated risk in time of
war, Goldstine saw a possible solution to the problems
besetting them in the enthusiastic discussions of elec-
tronic digital computing going on at the Moore School.
He briefed his superior at the Aberdeen Proving Ground
in Maryland, and a presentation was arranged at which

the high-speed computational aspects of the machine,
which consisted of 018,000 vacuum tubes and several
miles of wiring.O All prior machines had relied on such
parts to perform their calculations, and these limited their
compactness and reliability, not to mention the speed
with which operations were executed. AstoundinglyN

for the timeNthe ENIAC could perform 5,000 additions

Penn Professor John Brainerd submitted a proposal to theor subtractions or 360 multiplications of two 10-digit

head of the BRL and its chief scientist, Oswald Veblen.
To forestall anticipated skepticism, Brainerd, who
chaired the faculty committee that supervised the
analyzer, proposed an Oelectronic diff. analyzer,O inten-
tionally associating the proposed computer with the
existing differential analyzer. (As a digital device, the
proposed computer would solve differential equations by
differencingrather thardifferentiatiorNa deliberate

decimal numbers in a second. In the same space of time,
it could call up 1,000 values of a function from function
tables that were included. Problems that would have
taken months of simple hand calculation and hours, even
days, with the help of the differential analyzer could now
be dispatched in minutes.

At a certain stage in its development it became
necessary to OfreezeO the classibed design in the interest

double entendre.) The computer described would be ableof completing the project at hand. Nonetheless, as the

compute a trajectory in under bve minutes. Unlike all
previous models, it would be fully electronic.

After delivering their report the inventors continued
to work around the clock to produce supporting argu-
ments and data and to prepare answers to possible
questions. A few days later, on EckertOs 24th birthday,
April 9, 1943, they presented a more detailed proposal.
In May agreement was reached, and on June 5 contract
No. W-670-ORD-4926 was signed by the Trustees of the
University of Pennsylvania and the U.S. Army Ordnance
Department with Brainerd as project supervisor, Eckert
as chief engineer, Mauchly as principal consultant, and
Goldstine as technical liaison. The machine was ofp-
cially named the Electronic Numerical Integrator And
Computer, ever after to be known as ENIAC.

Among the wonders of the Onew electronic speed
marvelO reported ifheNew York Timesfter the
ENIACOs demonstration run in February, 1946, was the

end of the war approached, engineers at the Moore
School were beginning to think intensively about
developing a more sophisticated computer. From the
brst Mauchly had envisaged a general-purpose machine,
and he continued to work towards its construction.

Eckert proposed ways to overcome what he recognized
as the ENIACOs major shortcoming: The computer
introduced almost every fundamental hardware concept
of modern computingNwith the exception of internally
stored instructions.

The inventors focused on methods to increase the
machineOs memory. Having experimented with acoustic
delay lines earlier on, extrapolating from those developed
by William Shockley at Bell Laboratories, Eckert and his
engineers now investigated the possibility of developing
a mercury delay line suitable for computer memory. For
the time being it was not possible to implement the stored
program they proposed, but the mercury delay line

absence of any moving mechanical parts associated with became an element of the next generation of computers

Scenes from the dedication.
The original press release
describing the ENIACOs
physical aspects and opera-
tion; J. Presper Eckert poses
at the console; an invitation
to the dedication ceremonies
and dinner; and the develop-
ment team and sponsors
(identibed on page 2).
Photos: John Mauchly
Papers, Department of
Special Collections, Univer-
sity of Pennsylvania Library.
Documents: University of
Pennsylvania Archives.




at the Moore School and elsewhere. These included the research at Los Alamos in the West as well as at the
EDVAC, the second large computer developed at Penn  Ballistic Research Laboratory in the East. Indeed, the
and the first in the country to incorporate a stored successful simulation of a nuclear blast resulted in the
memory; the EDSAC developed by Maurice Wilkes in Federal government’s supporting a nascent computing
England; and the computers designed by Mauchly and  technology, soon to spawn a new industry.

Eckert after leaving the Moore School. The concept of Today it is impossible to think of a world without
storing the program in the same memory unit as the data computers or to imagine that the ideas from which they
was introduced when the Institute for Advanced Studies developed, and which we now take for granted, might
(IAS) computer was built a few years later by a team have been strenuously resisted when they were first
headed by John von Neumann. While commuting be-  proposed. It may seem barely credible today that

tween Los Alamos and the Institute for Advanced Study scientists, engineers, and businessmen five scant decades
in the last year of the war, von Neumann had participated ago might not have immediately grasped the implications
in the highly classified discussions at the Moore School. of the new technology. But this has been the case more

When it was built, the IAS computer used a so-called often than not throughout the course of human endeavor;

Williams electrostatic storage tube for the memory. variations on the theme of “Who needs it?” are quickly
The Moore School team started work on the EDVAC followed by reasons why it can’t be done. Notable

in late 1944 when the Army Ordnance Department examples range from Nobel laureate Robert Millikan’s

granted the ENIAC contract a supplement for an im- assurances that man could never tap the power of the

proved design. As a stored program device, the Elec-  atom to Harry M. Warner’s skepticism about the market
tronic Discrete Variable Automatic Computer (EDVAC) for talking movies. As late as the 1950s Britain’s

was the true forebear of all subsequent computing Astronomer Royal dismissed the notion of space travel as

devices. All of the early computers, including one called “utter bilge.”

the MANIAC, acknowledged their relationship to the With the development of the ENIAC at the Univer-

Moore School computers through their shared suffix. sity of Pennsylvania, the City of Philadelphia acquired a

While the letter “A” had only stood fandin the second site where ideas produced a revolution. Not

Electronic Numeral Integrator and Computer (ENIAC),  unlike Independence Hall, the Moore School provided

in the successor machine—and ever afterwards—it surroundings in which abstract theories became reality,

finally indicated a fully automatic device. opening paths to new technologies that have changed our
The ENIAC was completed too late to be utilized for ability to investigate the world and conduct every

its original purpose of calculating firing and ballistic transaction imaginable in ways that continue to evolve.

tables. Instead, the first task assigned on its test run in  The first operating computer of its sort is justly famed

1945 involved the many thousands of computations and a reason for celebration as the events related here

connected with top-secret studies on thermonuclear become remote, though hardly ancient, history.

reactions. While many projects had to be scrapped at the

end of the war, ENIAC was not among them. The DILYS WINEGRAD is Director/Curator of Arthur Ross

computer had proved to be significant for military Gallery at the University of Pennsylvania.
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BY MICHAEL T. RYAN

the man and the

In Tom Stoppard’s Arcadia, Valentine, a young scientist, muses over a conundrum: “The ordinary-sized stuff which

is our lives, the things people write poetry about — clouds — daffodils — waterfalls — and what happens in a cup of coffee
when the creme goes in — these things are full of mystery, as mysterious to us as the heavens were to the Greeks. We're
better at predicting events at the edge of the galaxy or inside the nucleus of an atom than whether it'll rain on auntie’s
garden party three Sundays from now. Because the problem turns out to be different. We can’t even predict the next drip
from a dripping tap when it gets irregular. Each drip sets up the conditions for the next, the smallest variation blows the
prediction apart, and the weather is unpredictable the same way, will always be unpredictable.”

No one would have appreciated the force of Valentine’s remarks more than John W. Mauchly. Attempting to solve
“the problem of the weather” was an issue he wrestled with for a good part of his career. It was one of a number of
projects that fueled his interest in computing machines, and one of several problems that the ENIAC was to have solved.

Yet if the ENIAC could not predict the weather, it could do a lot of other things, enough to earn Mauchly and his
collaborator Presper Eckert a distinguished place in the pantheon of 20th-century scientists and engineers whose work
has made a difference. Mauchly’s career and achievements are the subject of a major exhibition in the Rosenwald
Gallery of the Van Pelt Library, which is being mounted as part of the Year of the Computer activities. Curated by
Atsushi Akera and Asaf Goldschmidt of the Department of the History and Sociology of Science, with assistance from
Dr. Nancy Shawcross, the Library’s Curator of Manuscrifibn W. Mauchly and the Development of the ENIAC
Computeris based primarily on the Mauchly Papers in the Library and on the ENIAC project records in the University
Archives. It presents an intelligent and sympathetic view of the man who designed the world’s first digital electronic
computer and offers a fresh assessment of the nature of his achievement.

The son of a physicist, Mauchly received a PhD in Physics from Johns Hopkins in 1932. Finding an academic
position during the depths of the Depression was not easy, but Mauchly was able to secure an appointment at Ursinus
College, a small liberal arts school outside of Philadelphia. However, Mauchly soon came to realize that conducting
research in a small college was difficult, if not impossible. The annual operating budget of his Physics Department was
around $50! The exhibit pays close attention to Mauchly’s professional development in the years before the war,
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portraying for us a deeply committed and inventive scientist who made a virtue of scarcity. The very absence of equipment,
colleagues, and funding seemed to move him to look for new and faster ways to do the complex and laborious calculations
needed to solve a variety of problems based on accumulating and manipulating larger and larger amounts of data. What was
needed to process the data was a rapid, accurate, multifunctional calculating device.

Mauchly came to the Moore School of Electrical Engineering as an adjunct faculty member to take up the slack left by
those who had joined the war effort. At that time, one of the School’s principal areas of military support research was
calculating ballistics trajectories. Mauchly became involved with this research, and it proved to be the ideal stimulus for his
own interests in developing a high-speed calculating machine that could handle huge amounts of data quickly and accu-
rately. He was joined by his lab assistant Presper Eckert, whose job it was to translate Mauchly’s ideas into implementable
form. It was Mauchly the physicist, Eckert the engineer. The road to ENIAC was in view.

The heart of the exhibit is the development of the ENIAC itself. The exhibit provides a clear and accessible description
of the device and its place in the history of computers. Although its unveiling came after the war had been concluded, its
purpose was still framed in terms of national defense. On Valentine’s Day, 1946, the ENIAC entered history by performing
a large, complicated calculation to determine the feasibility of a hydrogen bomb.

The story of the ENIAC, however, was only one chapter—though the major one to be sure—in the career of a creative
and dedicated scientist. Mauchly’s stay at Penn was brief. No sooner had the ENIAC been successfully tested than
Mauchly and Eckert became involved in a dispute with the University over patent rights to the ENIAC. The dispute led to
their departure from Penn and to their pioneeviagtures in the commercial development and application of computing
systems. Although they worked for Remington Rand for a short time, during which the UNIVAC was developed, Mauchly
and Eckert preferred a risky independence to the more secure and financially remunerative environment of a corporation.
Moreover, many in government and industry saw the enormous research and business potential of the ENIAC and its
successors; Mauchly and Eckert quickly found themselves in an intensely competitive and crowded field. To the end, their
own research interests remained more important to them than the profits of the marketplace.

Unlike many such exhibitdohn W. Mauchly and the Development of the ENIAC Compytemtinued on next page)

The exhibit portrays Mauchly not as the isolated, romantic
genius, but in the context of wider developments in the
history of science that helped shape the career of this
protean individual.
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BY JILL MASER

cyber 2046
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arth has only two classes of society: the techno-haves and the techno-have-nots. The techno-haves visit friends
across the globe, cavort on sun-drenched beaches, and enjoy the best of Broadway’s plays—all without leaving their
homes. The have-nots exist underground in crime-ridden decay. They have no access to the technology that makes
the good life possible, nor to education, the key to survival in the year 2046. Is this the stuff of science fiction?



Exploitation will be the only way to survive a critical time when
there will not be enough food, space, or money to go around.
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diverge. One group thinks that powerful countries will implications; people use technology to increase power
simply invade “uncooperative” countries and take what  and wealth.” Another student, concerned that technology
they need or want. “It all boils down to politics versus provides the means for us to “abuse our anonymity,”
resources,” said a student who believes that exploitation noted that “cruelty to others and taking no responsibility
will be the only way to survive a critical time when there for our actions are products of a dehumanized, desensi-
will not be enough food, space, or money to go around. tized society.” All the students agree that regardless of
Other students see good relations among countries, fos- the outcome of technological innovations over the next

tered by the improved communication capabilitikglus- 50 years, some level of social responsibility needs to
tries of the future may not have to be located in today’s accompany the advances. If society does not consider
first-world countries. New technology will allow infor- the implications of the uses of technology, some of the

mation—and perhaps even products—to be sent around more frightening scenarios described by the students

the world in new ways. Powerful hubs such as those in  could easily become reality. Let us hope that

the United States and Europe may become obsolete. CyberSociety 2046 is indeed the stuff of science fiction.
How will some of the horrific elements of this vision

come about? As one student noted, “People who developJILL MASER is Director of Operations Analysis in the

the technology aren’t necessarily concerned with its Office of the Executive Vice President.
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R ENIAC's recessive
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scale, high-speed, electronic computation was

possible, triggering a wave of new computer
designs and the birth of the computer industry. Despite the
ENIAC's success, one fundamental aspect of its design is
only now becoming part of the design of everyday comput-
ers, after remaining dormant for nearly 50 years.

At the heart of the ENIAC was a set of 20 independent
accumulators, each an electronic adding machine that
could take in a number and add it to an existing total every
200 microseconds. In principle, a programmer could
arrange that all 20 of these adding machines do new
additions in parallel, allowing the ENIAC to perform not
5,000 but 100,000 additions a second. In this way, the
ENIAC was fundamentally parallel machine.

Almost immediately the ENIAC’s programmers
decided, in the words of J. Presper Eckert [chief engineer
on the ENIAC project] that parallel programming intro-
duced “a number of inconveniences and difficulties” so
that “in programming a machine, it is undesirable to try to
do several operations in parallel.” Eckert noted that
because there was no mechanism to allow a third operation
to continue only after two parallel sets of operations had
both completed, the two paths had to take exactly the same
length of time. Although SEAS researchers have recently
shown that there is a simple trick that would solve this
problem, it now appears that the ENIAC programmers
were actually uninterested in parallel programming. Why?

Betty Hoberton, one of the two programmers of the
demonstration program executed on February 14, 1946,
recently noted that setting up a complex parallel algorithm
was simply too time consuming, given that it took nearly a
day to move heavy digit trays and connect cables to set up
even a simple problem on the ENIAC. Also, since the
machine’s operation was unaffected by tube failures in
accumulators that weren't being used, the smaller the
program, the longer it would run until a tube failed.

Parallel computing disappeared for 25 years.

In the late 1960s parallel computing burst forth once
more, now called supercomputing, driven by the very high
computational needs of a range of important engineering,
scientific, and military problems. To simplify both

I I \ he ENIAC demonstrated to the world that large-
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