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THE COMPUTERTHE COMPUTER –– the 20th century’s legacy to the next millennium.the 20th century’s legacy to the next millennium.

This monument commemorates the early pioneers responsible forThis monument commemorates the early pioneers responsible for
the development of machines that led to, or indeed were, the firthe development of machines that led to, or indeed were, the firstst
electronic digital computers.electronic digital computers.

This spot was chosen because the COLOSSUS, the first effective,This spot was chosen because the COLOSSUS, the first effective,
operational, automatic, electronic, digital computer, was constroperational, automatic, electronic, digital computer, was constructeducted
by the Post Office Research Station at Dollis Hill (now BT reseaby the Post Office Research Station at Dollis Hill (now BT research),rch),
whose research and development later moved from that site towhose research and development later moved from that site to
MartleshamMartlesham, just east of here and the landowners thought this would, just east of here and the landowners thought this would
be a suitable setting to commemorate this achievement.be a suitable setting to commemorate this achievement.

The story of these machines has nothing to do with the names andThe story of these machines has nothing to do with the names and
companies that we associate with computers today. Indeed thecompanies that we associate with computers today. Indeed the
originators of the computer are largely unknown, and theiroriginators of the computer are largely unknown, and their
achievement little recorded.achievement little recorded.

All the more worth recording is that this first machine accompliAll the more worth recording is that this first machine accomplishedshed
a task perhaps as important as that entrusted to any computer sia task perhaps as important as that entrusted to any computer since.nce.

The electronic digital computer is one of the greatest legaciesThe electronic digital computer is one of the greatest legacies thethe
20th century leaves to the 21st.20th century leaves to the 21st.

The History of Computing…The History of Computing…

The shape of the monument is designed to reflect a fundamentalThe shape of the monument is designed to reflect a fundamental
concept in mathematics. This is explained in the frame entitledconcept in mathematics. This is explained in the frame entitled
“The Monument”.“The Monument”.

You will notice that some of the Stations are blue and some areYou will notice that some of the Stations are blue and some are
orange. Blue stations talk about concepts and ideas pertinent torange. Blue stations talk about concepts and ideas pertinent too
the development of the computer, and orange ones talk aboutthe development of the computer, and orange ones talk about
actual machines and the events surrounding them.actual machines and the events surrounding them.

The monument was designed and funded by a grant makingThe monument was designed and funded by a grant making
charity.charity.



FUNDAMENTAL FEATURES OF COMPUTERSFUNDAMENTAL FEATURES OF COMPUTERS

The computer is now so sophisticated that attention is not normaThe computer is now so sophisticated that attention is not normallylly
drawn to its fundamental characteristics. But, of course, thesedrawn to its fundamental characteristics. But, of course, these werewere
not all developed at once:not all developed at once:

FORMFORM

SPEEDSPEED

CALCULATIONSCALCULATIONS

AUTOMATICAUTOMATIC
SEQUENCINGSEQUENCING

CONDITIONALCONDITIONAL
BRANCHINGBRANCHING

STOREDSTORED
PROGRAMPROGRAM

SELFSELF
PROGRAMMINGPROGRAMMING

INPUT/INPUT/
OUTPUTOUTPUT

DigitalDigital –– operating onoperating on numbersnumbers rather than measuredrather than measured
physical quantities.physical quantities.

Operates atOperates at electronicelectronic speeds, much faster than would bespeeds, much faster than would be
possible for humans or any mechanical device (the slowestpossible for humans or any mechanical device (the slowest
electronic computers were about 1,000 times as fast as waselectronic computers were about 1,000 times as fast as was
possible from an electropossible from an electro--mechanical device).mechanical device).

Performance ofPerformance of arithmetic and/or logical operationsarithmetic and/or logical operations..

By means of some form ofBy means of some form of programprogram, the machine, the machine
automatically carries out a largely preautomatically carries out a largely pre--determined sequencedetermined sequence
of operations.of operations.

The results of intermediate calculations can be used toThe results of intermediate calculations can be used to
change the course of later ones. It is this which gives thechange the course of later ones. It is this which gives the
computer its power of decision making.computer its power of decision making.

The operations to be performed are governed by a programThe operations to be performed are governed by a program
which iswhich is stored internallystored internally in the computer along with thein the computer along with the
data. Apart from making programming much easier, thisdata. Apart from making programming much easier, this
also allows the program itself to be altered in the course ofalso allows the program itself to be altered in the course of
execution and therefore allows the computer to solve theexecution and therefore allows the computer to solve the
widest range of problems,widest range of problems,

The power and effectiveness of the computer is greatlyThe power and effectiveness of the computer is greatly
enhanced if its computing power can be used toenhanced if its computing power can be used to assist in itsassist in its
own programmingown programming. The computer can be used to convert. The computer can be used to convert
easily understood code into binary, thus simplifying theeasily understood code into binary, thus simplifying the
programmer's job.programmer's job.

The computer requires a means ofThe computer requires a means of taking in informationtaking in information
(input) and of(input) and of presenting the resultspresenting the results of its work (output).of its work (output).



EARLY PIONEERS 1EARLY PIONEERS 1

UK Charles BabbageUK Charles Babbage 18371837

Charles Babbage was a Cambridge mathematician who initially deveCharles Babbage was a Cambridge mathematician who initially developed andloped and
attempted to build a mechanical “Difference Engine”. This was aattempted to build a mechanical “Difference Engine”. This was a large and complexlarge and complex
device for calculating and printing certain types of mathematicadevice for calculating and printing certain types of mathematical table. But in 1837 hel table. But in 1837 he
had the idea for what he termed an “Analytical Engine”had the idea for what he termed an “Analytical Engine” -- a generala general--purposepurpose
mechanical computer controlled by sets of punch cards.mechanical computer controlled by sets of punch cards.

Though mechanical, the complexity and detail of Babbage’s designThough mechanical, the complexity and detail of Babbage’s design was staggering.was staggering.
The ‘Engine’ had a store for 1,000 50The ‘Engine’ had a store for 1,000 50--digit numbers in a volume 30 inches by 25 by 30digit numbers in a volume 30 inches by 25 by 30--
40 high.40 high.

In three short years he invented many of the fundamental conceptIn three short years he invented many of the fundamental concepts that are embodieds that are embodied
in the logical design of the modern computer. His incomplete proin the logical design of the modern computer. His incomplete prototype machine andtotype machine and
engineering drawings are now among the Science Museum’s most priengineering drawings are now among the Science Museum’s most prized exhibits.zed exhibits.
Babbage’s design for a Difference Engine has since been successfBabbage’s design for a Difference Engine has since been successfully constructedully constructed --
providing yet further evidence of the technical merits of his deproviding yet further evidence of the technical merits of his design.sign.

Yet Babbage himself became very frustratedYet Babbage himself became very frustrated
with his own designs.with his own designs.

His ideas, many of which were uncannily likeHis ideas, many of which were uncannily like
those adopted for 20th century computers,those adopted for 20th century computers,
were over a century ahead of their time andwere over a century ahead of their time and
only became fully practical once electroniconly became fully practical once electronic
components were available. At thecomponents were available. At the
technological level of the time in which hetechnological level of the time in which he
lived and with no one to discuss his ideaslived and with no one to discuss his ideas
with, his dreams of the generalwith, his dreams of the general--purposepurpose
Analytical Engine could not be fully broughtAnalytical Engine could not be fully brought
to fruition.to fruition.

Yet more than anyone, Babbage was the firstYet more than anyone, Babbage was the first
to realise that a machine could replace someto realise that a machine could replace some
of the work of the human mind. However, itof the work of the human mind. However, it
seems his ideas did not influence those whoseems his ideas did not influence those who
constructed the first electronic computersconstructed the first electronic computers
simply because they were ignorant of hissimply because they were ignorant of his
work.work.

Charles BabbageCharles Babbage

In the 20th Century, four pioneers contributed a great deal in tIn the 20th Century, four pioneers contributed a great deal in the run up to the firsthe run up to the first
working Electronic Digital Computers without actually ever produworking Electronic Digital Computers without actually ever producing electroniccing electronic
machines themselves.machines themselves.



USA John AtanasoffUSA John Atanasoff 19401940

Designed and partDesigned and part--completed a specialcompleted a special--purpose Electronic Digital Computerpurpose Electronic Digital Computer
for solving sets of linear simultaneous equations. His work wasfor solving sets of linear simultaneous equations. His work was known toknown to
several people in the USA and consequently his ideas may have haseveral people in the USA and consequently his ideas may have had somed some
influence over the design of the early American machines.influence over the design of the early American machines.

GermanyGermany KonradKonrad ZuseZuse 19411941

Built the first operational programBuilt the first operational program--controlled computercontrolled computer -- this was an electrothis was an electro--
mechanical device, controlled by punched tape.mechanical device, controlled by punched tape.

Helmut Schreyer, a colleague ofHelmut Schreyer, a colleague of Zuse’sZuse’s, designed an electronic version of, designed an electronic version of
Zuse’sZuse’s electroelectro--mechanical unit. However, this work was not knownmechanical unit. However, this work was not known outsideoutside
Germany at the time and soGermany at the time and so ZuseZuse did not influence the British or US machines.did not influence the British or US machines.

USA Howard AikenUSA Howard Aiken 19431943

Mark I program controlled electroMark I program controlled electro--mechanical computer.mechanical computer.

USA GeorgeUSA George StibitzStibitz 19441944

Model III programmed electroModel III programmed electro--mechanical computer.mechanical computer.

EARLY PIONEERS 2EARLY PIONEERS 2

None of these machines worked at electronic speeds or had conditNone of these machines worked at electronic speeds or had conditionalional
branching, a stored program or any selfbranching, a stored program or any self--programming facility. However, theprogramming facility. However, the
Mark I and Model III (and other machines produced by Aiken andMark I and Model III (and other machines produced by Aiken and StibitzStibitz))
certainly assisted later on in the development of ENIAC and thecertainly assisted later on in the development of ENIAC and the EDVACEDVAC
concept (although initially the designers were ignorant of Aikenconcept (although initially the designers were ignorant of Aiken's work).'s work).
Furthermore, some very advanced features were included (e.g. remFurthermore, some very advanced features were included (e.g. remoteote
operation, floating point).operation, floating point).

But mechanical and electroBut mechanical and electro--mechanical machines were not fast enough.mechanical machines were not fast enough.
Only the speed offered by electronic calculation was enough to bOnly the speed offered by electronic calculation was enough to bee
significantly faster than manual calculation.significantly faster than manual calculation.



THE COMPUTER AS AN ABSTRACT CONCEPTTHE COMPUTER AS AN ABSTRACT CONCEPT

Quite often a branch of mathematics is discovered before it isQuite often a branch of mathematics is discovered before it is
appreciated that it is of use in the real world. This happened wappreciated that it is of use in the real world. This happened with theith the
computer.computer.

In August 1900, in Paris, at the start of a new century, David HIn August 1900, in Paris, at the start of a new century, David Hilbert,ilbert,
one of the world’s leading mathematicians, listed 23 outstandingone of the world’s leading mathematicians, listed 23 outstanding
problems in mathematics. These included questions regarding theproblems in mathematics. These included questions regarding the
foundations of mathematics and whether specific problems werefoundations of mathematics and whether specific problems were
soluble. In 1928 he made one of his questions more specific: tosoluble. In 1928 he made one of his questions more specific: to
determine whether there was some definite system that, in princidetermine whether there was some definite system that, in principle,ple,
could decide the truth of any mathematical assertion.could decide the truth of any mathematical assertion.

In April 1936, at Cambridge, a student named Alan Turing handedIn April 1936, at Cambridge, a student named Alan Turing handed toto
his lecturer, Max Newman, a paper:his lecturer, Max Newman, a paper: On Computable NumbersOn Computable Numbers. This. This
answered Hilbert’s question in the negative: no such all embracianswered Hilbert’s question in the negative: no such all embracingng
system exists.system exists.

But in the process of this abstractBut in the process of this abstract
mathematical proof, Turing analysed themathematical proof, Turing analysed the
concepts of computing and showed thatconcepts of computing and showed that
what could be calculated by a humanwhat could be calculated by a human
computer could also be calculated by acomputer could also be calculated by a
machine. His theoretical machinemachine. His theoretical machine -- thethe
Turing MachineTuring Machine -- turned out to beturned out to be
uncannily similar to the computer whichuncannily similar to the computer which
evolved by 1949. In fact Turing wasevolved by 1949. In fact Turing was
formalising many of the ideas put forwardformalising many of the ideas put forward
by Babbage and others in the previousby Babbage and others in the previous
century, though Turing himself seems tocentury, though Turing himself seems to
have been unaware of, and therefore nothave been unaware of, and therefore not
influenced by, Babbage's work.influenced by, Babbage's work.

This moment may be considered to have launched theThis moment may be considered to have launched the
AGE OF THE COMPUTER!AGE OF THE COMPUTER!

David HilbertDavid Hilbert



A GREAT BRITISH ENDEAVOUR: 1A GREAT BRITISH ENDEAVOUR: 1

In 1943 World War II was at its height. At Bletchley Park the teIn 1943 World War II was at its height. At Bletchley Park the team working on breakingam working on breaking
the German secret codes, in particular those based on the use ofthe German secret codes, in particular those based on the use of the Enigma Cipherthe Enigma Cipher
machine, had achieved great successmachine, had achieved great success -- partly due to the contributions of Alan Turing.partly due to the contributions of Alan Turing.
However, German improvements to their coding system and the useHowever, German improvements to their coding system and the use of a new cipherof a new cipher
machine, built by the Lorenz Company, meant that these hard wonmachine, built by the Lorenz Company, meant that these hard won successes were insuccesses were in
danger of being lost.danger of being lost.

Max Newman (born Neumann), Alan Turing’s old lecturer, was in chMax Newman (born Neumann), Alan Turing’s old lecturer, was in charge of a sectionarge of a section
at Bletchley Park and Turing worked with him. Turing had contribat Bletchley Park and Turing worked with him. Turing had contributed significantly touted significantly to
the ideas behind the decoding work. There had already been builtthe ideas behind the decoding work. There had already been built some limitedsome limited
electroelectro--mechanical and electronic/electromechanical and electronic/electro--mechanical devices (known as Heathmechanical devices (known as Heath--
Robinsons) to help the deciphering, though the performance of thRobinsons) to help the deciphering, though the performance of these had been heldese had been held
back by unreliability and lack of speed.back by unreliability and lack of speed.

Max Newman was an excellent mathematician, but he found that, muMax Newman was an excellent mathematician, but he found that, much to hisch to his
annoyance, he was not in fact very good at deciphering and breakannoyance, he was not in fact very good at deciphering and breaking the codes. Heing the codes. He
was capable of it, he just didn’t have an affinity for it. He bewas capable of it, he just didn’t have an affinity for it. He believed however, that muchlieved however, that much
of what he found so tedious and difficult could be automated. Heof what he found so tedious and difficult could be automated. He envisioned aenvisioned a
purposepurpose--built machine that would be capable of mechanising some of the lbuilt machine that would be capable of mechanising some of the laboriousaborious
codecode--breaking procedures that were currently being done by hand.breaking procedures that were currently being done by hand.

This was a very significant act of faith because nothing like thThis was a very significant act of faith because nothing like the number of 1,500 valvese number of 1,500 valves
that would be required had ever been made to operate reliably anthat would be required had ever been made to operate reliably and continuouslyd continuously
before. Despite this, Gordonbefore. Despite this, Gordon RadleyRadley (in charge of Dollis Hill) gave his complete and(in charge of Dollis Hill) gave his complete and
financial support to Flowers and the project: a significant indifinancial support to Flowers and the project: a significant indication of the faith he hadcation of the faith he had
in his engineers and the importance of the work.in his engineers and the importance of the work.

However, he had no idea how to build such aHowever, he had no idea how to build such a
machine, or who would be up to the task of doingmachine, or who would be up to the task of doing
it. Tommy Flowers, an engineer from the Postit. Tommy Flowers, an engineer from the Post
Office Research Station (Dollis Hill), had alreadyOffice Research Station (Dollis Hill), had already
been working on specialbeen working on special--purpose electropurpose electro--
mechanical devices for Bletchley Park. Flowersmechanical devices for Bletchley Park. Flowers
had a good deal of previous experience inhad a good deal of previous experience in
electronic switches from his work at Dollis Hill andelectronic switches from his work at Dollis Hill and
Alan Turing was aware of some of his work.Alan Turing was aware of some of his work.

Max NewmanMax Newman

Tommy Flowers believed that what Max NewmanTommy Flowers believed that what Max Newman
wanted was possible. The machine, he reasoned,wanted was possible. The machine, he reasoned,
would have to be able to input the information verywould have to be able to input the information very
fast and use electronic valves to undertake thefast and use electronic valves to undertake the
logical operations that were needed.logical operations that were needed.



The machine Flowers and his team built was named COLOSSUS and beThe machine Flowers and his team built was named COLOSSUS and began doinggan doing
useful work within hours of its installation at Bletchley Park iuseful work within hours of its installation at Bletchley Park in November 1943. Byn November 1943. By
March 1944 its track record in helping to break the German codesMarch 1944 its track record in helping to break the German codes was impressive. Inwas impressive. In
the amazingly short period of 11 months the COLOSSUS had been dethe amazingly short period of 11 months the COLOSSUS had been designed fromsigned from
scratch, constructed and brought into use.scratch, constructed and brought into use.

Yet until it had been built, Bletchley Park showed no interest oYet until it had been built, Bletchley Park showed no interest or faith in Flowers andr faith in Flowers and
his COLOSSUS design. They wouldn’t even fund the construction, dhis COLOSSUS design. They wouldn’t even fund the construction, despite Newmanespite Newman
having requested it. Indeed, Flowers recalls that it was not unthaving requested it. Indeed, Flowers recalls that it was not until they had beenil they had been
furnished with the first COLOSSUS that they realised what it coufurnished with the first COLOSSUS that they realised what it could do: “Theyld do: “They
[Bletchley Park] couldn’t believe it!”.[Bletchley Park] couldn’t believe it!”.

As a result, ten more COLOSSI were commissioned in March 1944. WAs a result, ten more COLOSSI were commissioned in March 1944. With so much ofith so much of
the codethe code--breaking automated, the whole process became a lot more effectivbreaking automated, the whole process became a lot more effective ande and
faster.faster.

The new machines were of considerably enhanced specification, thThe new machines were of considerably enhanced specification, the first of these wase first of these was
built and operational by 8.30am on June 1st, in time to make a sbuilt and operational by 8.30am on June 1st, in time to make a significant contributionignificant contribution
to the Dto the D-- Day landings on 6th June 1944.Day landings on 6th June 1944.

The COLOSSUS II took in data at the rate of 25,000 bits per secoThe COLOSSUS II took in data at the rate of 25,000 bits per second. The reliability ofnd. The reliability of
COLOSSUS II was so great that it could typically perform a hundrCOLOSSUS II was so great that it could typically perform a hundred thousand millioned thousand million
bit comparisons between errors. A Pentium PC built around 1999 abit comparisons between errors. A Pentium PC built around 1999 and programmed tond programmed to
do the same code breaking task would take approximately twice asdo the same code breaking task would take approximately twice as long aslong as
COLOSSUS to achieve the result!COLOSSUS to achieve the result!

Whilst COLOSSUS was designed for a specificWhilst COLOSSUS was designed for a specific
task and did not have stored programtask and did not have stored program
capability, it was still able to function beyondcapability, it was still able to function beyond
its design. For example, it was capable ofits design. For example, it was capable of
simple whole number multiplications. It couldsimple whole number multiplications. It could
also be programmed as necessary using itsalso be programmed as necessary using its
plug boards, though this took a long time.plug boards, though this took a long time.

In all some 10 COLOSSI were built, and usedIn all some 10 COLOSSI were built, and used
successfully to decipher large numbers ofsuccessfully to decipher large numbers of
strategically vital messages to and from thestrategically vital messages to and from the
German Military High Command.German Military High Command.

Indeed, it is now known that their contributionIndeed, it is now known that their contribution
helped significantly to shorten the war.helped significantly to shorten the war. Tommy FlowersTommy Flowers

A GREAT BRITISH ENDEAVOUR: 2A GREAT BRITISH ENDEAVOUR: 2


