
[image: Cover: Computer;A History of the Information Machine;Fourth Edition, written by Martin Campbell-Kelly, William F. Aspray, Jeffrey R. Yost, Honghong Tinn, and Gerardo Con Díaz, published by Routledge a Taylor and Francis Group, London, New York. Routledge is an imprint of Taylor and Francis Group, an Informa business, a Routledge Book]


COMPUTER

Computer: A History of the Information Machine traces the history of the computer and its unlimited information-processing potential.
Comprehensive and accessibly written, this fully updated fourth edition adds new chapters on the globalization of information technology, the rise of social media, fake news, and the gig economy, and the regulatory frameworks being put in place to tame the ubiquitous computer. Computer is an insightful look at the pace of technological advancement and the seamless way computers are integrated into the modern world. The authors examine the history of the computer, including the first steps taken by Charles Babbage in the nineteenth century, and how wartime needs and the development of electronics led to the giant ENIAC, the first electronic computer. For a generation IBM dominated the computer industry. In the 1980s, the desktop PC liberated people from room-sized mainframe computers. Next, laptops and smartphones made computers available to half of the world’s population, leading to the rise of Google and Facebook, and powerful apps that changed the way we work, consume, learn, and socialize.
The volume is an essential resource for scholars and those studying computer history, technology history, and information and society, as well as a range of courses in the fields of computer science, communications, sociology, and management.

Martin Campbell-Kelly is Professor Emeritus in the Department of Computer Science at Warwick University. His most recent book is Cellular: An Economic and Business History of the International Mobile-Phone Industry (with Daniel Garcia-Swartz, 2022).

William F. Aspray is Senior Research Fellow at the Charles Babbage Institute, University of Minnesota. His recent books include Fake News Nation: The Long History of Lies and Misinterpretations in America (with James Cortada, 2019).

Jeffrey R. Yost is Director of the Charles Babbage Institute and Research Professor in the Program in the History of Science, Technology, and Medicine at the University of Minnesota. His books include Making IT Work: A History of the Computer Services Industry (2017).

Honghong Tinn is Assistant Professor in the Program in the History of Science, Technology, and Medicine and the Department of Electrical and Computer Engineering at the University of Minnesota. Her works on the history and globalization of information technology have been published in Technology and Culture, IEEE Annals of the History of Computing, and Osiris.

Gerardo Con Díaz is Associate Professor in the Department of Science and Technology Studies at the University of California, Davis. He is the author of Software Rights: How Patent Law Transformed Software Development in America (2019) and has held fellowships at Yale Law School and the Hoover Institution, Stanford University.




Computer 

A History of the Information Machine

Fourth Edition

Martin Campbell-Kelly, William F. Aspray, Jeffrey R. Yost, Honghong Tinn, and Gerardo Con Díaz

[image: Logo: Published by Routledge a Taylor and Francis Group, London, New York. Routledge is an imprint of Taylor and Francis Group, an Informa business, a Routledge Book]



Designed cover image: Computer circuit board in the form of the human brain. Alexey Kotelnikov/Alamy Stock Photo

Fourth edition published 2023 by Routledge 605 Third Avenue, New York, NY 10158

and by Routledge 4 Park Square, Milton Park, Abingdon, Oxon, OX14 4RN

Routledge is an imprint of the Taylor & Francis Group, an informa business

© 2023 Martin Campbell-Kelly, William F. Aspray, Jeffrey R. Yost, Gerardo Con Diaz and Honghong Tinn

The right of Martin Campbell-Kelly, William F. Aspray, Jeffrey R. Yost, Honghong Tinn, and Gerardo Con Díaz to be identified as authors of this work has been asserted in accordance with sections 77 and 78 of the Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this book may be reprinted or reproduced or utilised in any form or by any electronic, mechanical, or other means, now known or hereafter invented, including photocopying and recording, or in any information storage or retrieval system, without permission in writing from the publishers.

Trademark notice: Product or corporate names may be trademarks or registered trademarks and are used only for identification and explanation without intent to infringe.

First edition published by Westview Press 2014 Third edition published by Routledge 2018

Library of Congress Cataloging-in-Publication DataNames: Campbell-Kelly, Martin, author. | Aspray, William, author. | Yost,Jeffrey R, author.Title: Computer: a history of the information machine / MartinCampbell-Kelly, William Aspray, Jeffrey R. Yost, Gerado Con Díasand Honghong Tinn.Description: Fourth edition. | New York, NY: Routledge, 2023. |Includes bibliographical references and index.Identifiers: LCCN 2022056504 (print) | LCCN 2022056505 (ebook) |ISBN 9781032203430 (paperback) | ISBN 9781032203478 (hardback) |ISBN 9781003263272 (ebook)Subjects: LCSH: Computers—History. | Electronic dataprocessing—History.Classification: LCC QA76.17 .C36 2023 (print) | LCC QA76.17 (ebook) |DDC 004.09—dc23/eng/20221202LC record available at https://lccn.loc.gov/2022056504LC ebook record available at https://lccn.loc.gov/2022056505

ISBN: 978-1-032-20347-8 (hbk)

ISBN: 978-1-032-20343-0 (pbk)

ISBN: 978-1-003-26327-2 (ebk)

DOI: 10.4324/9781003263272

Typeset in Times New Roman by Apex CoVantage, LLP




Contents

	Acknowledgments

	Preface to the Fourth Edition

	Introduction

	PART ONE Before the Computer	1 When Computers Were People

	2 The Mechanical Office

	3 Babbage's Dream Comes True



	PART TWO Creating the Computer	4 Inventing the Computer	PHOTOS: From Babbage's Difference Engine to System/360



	5 The Computer Becomes a Business Machine

	6 The Maturing of the Mainframe: The Rise of IBM



	PART THREE Innovation and Expansion	7 Real Time: Reaping the Whirlwind

	8 Software	PHOTOS: From SAGE to the Internet



	9 New Ways of Computing



	PART FOUR Getting Personal	10 The Shaping of the Personal Computer

	11 Broadening the Appeal

	12 The Internet



	PART FIVE The Ubiquitous Computer	13 Globalization

	14 The Interactive Web: Clouds, Devices, and Culture

	15 Computing and Governance



	Bibliography

	Index





Acknowledgments

THIS BOOK has its origins in the vision of the Alfred P. Sloan Foundation that it is important for the public to understand the technology that has so profoundly reshaped Western society during the past century. In the fall of 1991 Arthur Singer of the Sloan Foundation invited us (Aspray and Campbell-Kelly) to write a popular history of the computer. It was a daunting, yet irresistible, opportunity. Without the invitation, encouragement, generous financial support, and respectful treatment we received from the Sloan Foundation, this book would never have been written.

It is a pleasure to thank many colleagues who, over four editions of Computer, have given us help and advice or checked sections of our manuscript; among them are Jon Agar, Kenneth Beauchamp, Jonathan Bowen, I. Bernard Cohen, John Fauvel, Ernest Fortnum, Jack Howlett, Thomas Misa, Arthur Norberg, Judy O’Neill, Emerson Pugh, and Steve Russ. We particularly thank Nathan Ensmenger, who made important contributions to the third edition. Our thanks go to numerous archivists who helped us to locate suitable illustrations and other historical materials. For the first edition of this book Susan Rabiner of Basic Books took us by the hand and coached us on how to write for a general readership. Our successive editors at Westview Press and Routledge have been a source of wisdom and encouragement. Notwithstanding these many contributions, we take full responsibility for the contents.





Preface to the Fourth Edition

SINCE THE appearance of the third edition in 2014, computing has continued to evolve rapidly. Most obviously, the internet has grown to maturity such that it is now an integral part of most people’s lives in the developed world. Although computing was widely diffused by the end of the twentieth century, it has become truly ubiquitous only in the present century – a transition brought about by internet commerce, consumer computing in the form of smartphones and tablet computers, and social networking.

The study of the history of computing has also matured as an academic enterprise. When the first edition of this book appeared in 1996, the history of computing had only recently begun to attract the attention of the academy, and research on this topic tended to be quite technically oriented. Since that time many new scholars with different perspectives have joined the field, and it is rare to find a science, technology, or business history conference that does not discuss developments in, and impacts of, computing technology. In short, the user experience and business applications of computing have become central to much of the historical discourse. To harness these new perspectives in our narrative we have been joined by two additional authors, Gerardo Con Díaz and Honghong Tinn – both scholars from the rising generation.

As always in a new edition, we have revised the text to reflect changing perspectives and updated the bibliography to incorporate the growing literature of the history of computing. Most importantly, we have added an entirely new fifth part to the book “The Ubiquitous Computer,” consisting of three chapters. These chapters reflect the business, technical, social, and regulatory concerns of the all-pervasive computer. Chapter 13 discusses the globalization of the production and consumption of computing. Chapter 14 discusses the many economic and societal consequences of the internet and the World Wide Web. Lastly,  Chapter 15 discusses the regulatory responses to the environmental, legal, and social issues raised by our current computer age.

With these changes we hope that, for the next several years, the fourth edition of Computer will continue to serve as an authoritative, semi-popular history of computing.

Martin Campbell-KellyWilliam F. AsprayJeffrey R. YostHonghong TinnGerardo Con Díaz
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IN JANUARY 1983, Time magazine selected the personal computer as its “Man of the Year,” and public fascination with the computer has continued to grow ever since. That year was not, however, the beginning of the computer age. Nor was it even the first time that Time had featured a computer on its cover. Thirty-three years earlier, in January 1950, the cover had sported an anthropomorphized image of a computer wearing a navy captain’s hat to draw readers’ attention to the feature story, about a calculator built at Harvard University for the US Navy. Sixty years before that, in August 1890, another popular American magazine, Scientific American, devoted its cover to a montage of the equipment constituting the new punched-card tabulating system for processing the US Census. As these magazine covers indicate, the computer has a long and rich history, and we aim to tell it in this book.

In the 1970s, when scholars began to investigate the history of computing, they were attracted to the large one-of-a-kind computers built a quarter century earlier, sometimes now referred to as the “dinosaurs.” These were the first machines to resemble in any way what we now recognize as computers: they were the first calculating systems to be readily programmed and the first to work with the lightning speed of electronics. Most of them were devoted to scientific and military applications, which meant that they were bred for their sheer number-crunching power. Searching for the prehistory of these machines, historians mapped out a line of desktop calculating machines originating in models built by the philosophers Blaise Pascal and Gottfried Leibniz in the seventeenth century and culminating in the formation of a desk calculator industry in the late nineteenth century. According to these histories, the desk calculators were followed in the period between the world wars by analog computers and electromechanical calculators for special scientific and engineering applications; the drive to improve the speed of calculating machines during World War II led directly to the modern computer.

Although correct in the main, this account is not complete. Today, research scientists and atomic weapons designers still use computers extensively, but the vast majority of computers in organizations are employed for other purposes, such as word processing and keeping business records. How did this come to pass? To answer that question, we must take a broader view of the history of the computer as the history of the information machine.


This history begins in the early nineteenth century. Because of the increasing population and urbanization in the West resulting from the Industrial Revolution, the scale of business and government expanded, and with it grew the scale of information collection, processing, and communication needs. Governments began to have trouble enumerating their populations, telegraph companies could not keep pace with their message traffic, and insurance agencies had trouble processing policies for the masses of workers.

Novel and effective systems were developed for handling this increase in information. For example, the Prudential Assurance Company of England developed a highly effective system for processing insurance policies on an industrial scale using special-purpose buildings, rationalization of process, and division of labor. But by the last quarter of the century, large organizations had turned increasingly to technology as the solution to their information-processing needs. On the heels of the first large American corporations came a business-machine industry to supply them with typewriters, filing systems, and duplication and accounting equipment.

The desk calculator industry was part of this business-machine movement. For the previous two hundred years, desk calculators had merely been handmade curiosities for the wealthy. But by the end of the nineteenth century, these machines were being mass-produced and installed as standard office equipment, first in large corporations and later in progressively smaller offices and retail establishments. Similarly, the punched-card tabulating system developed to enable the US government to cope with its 1890 census data gained wide commercial use in the first half of the twentieth century, and was in fact the origin of IBM.

Also beginning in the nineteenth century and reaching maturity in the 1920s and 1930s was a separate tradition of analog computing. Engineers built simplified physical models of their problems and measured the values they needed to calculate. Analog computers were used extensively and effectively in the design of electric power networks, dams, and aircraft.

Although the calculating technologies available through the 1930s served business and scientific users well, during World War II they were not up to the demands of the military, which wanted to break codes, prepare firing tables for new guns, and design atomic weapons. The old technologies had three shortcomings: they were too slow in doing their calculations, they required human intervention in the course of a computation, and many of the most advanced calculating systems were special-purpose rather than general-purpose devices.

Because of the exigencies of the war, the military was willing to pay whatever it would take to develop the kinds of calculating machines it needed. Millions of dollars were spent, resulting in the production of the first electronic, stored-program computers – although, ironically, none of them was completed in time for war work. The military and scientific research value of these computers was nevertheless appreciated, and by the time of the Korean War a small number had been built and placed in operation in military facilities, atomic energy laboratories, aerospace manufacturers, and research universities.

Although the computer had been developed for number crunching, several groups recognized its potential as a data-processing and accounting machine. The developers of the most important wartime computer, the ENIAC, left their university posts to start a business building computers for the scientific and business markets. Other electrical manufacturers and business-machine companies, including IBM, also turned to this enterprise. The computer makers found a ready market in government agencies, insurance companies, and large manufacturers.

The basic functional specifications of the computer were set out in a report written by John von Neumann in 1945, and these specifications are still largely followed today. However, decades of continuous innovation have followed the original conception. These innovations are of two types. One is the improvement in components, leading to faster processing speed, greater information-storage capacity, improved price/performance, better reliability, less required maintenance, and the like: today’s computers are literally millions of times better than the first computers on almost all measures of this kind. These innovations were made predominantly by the firms that manufactured computers.

The second type of innovation was in the mode of operation, but here the agent for change was most often the academic sector, backed by government financing. In most cases, these innovations became a standard part of computing only through their refinement and incorporation into standard products by the computer manufacturers. There are five notable examples of this kind of innovation: high-level programming languages, real-time computing, time-sharing, networking, and graphically oriented human-computer interfaces.

While the basic structure of the computer remained unchanged, these new components and modes of operation revolutionized our human experiences with computers. Elements that we take for granted today – such as having a computer on our own desk, equipped with a mouse, monitor, and disk drive – were not even conceivable until the 1970s. At that time, most computers cost hundreds of thousands, or even millions, of dollars and filled a large room. Users would seldom touch or even see the computer itself. Instead, they would bring a stack of punched cards representing their program to an authorized computer operator and return hours or days later to pick up a printout of their results. As the mainframe became more refined, the punched cards were replaced by remote terminals, and response time from the computer became almost immediate – but still only the privileged few had access to the computer. All of this changed with the development of the personal computer and the growth of the internet. The mainframe has not died out, as many have predicted, but computing is now available to the masses.

As computer technology became increasingly less expensive and more portable, new and previously unanticipated uses for computers were discovered – or invented. Today, for example, the digital devices that many of us carry in our briefcases, backpacks, purses, or pockets serve simultaneously as portable computers, communications tools, entertainment platforms, digital cameras, monitoring devices, and conduits to increasingly omnipresent social networks. The history of the computer has become inextricably intertwined with the history of communications and mass media, as our discussion of the personal computer and the internet clearly illustrates. But it is important to keep in mind that even in cutting-edge companies like Facebook and Google, multiple forms and meanings of the computer continue to coexist, from the massive mainframes and server farms that store and analyze data to the personal computers used by programmers to develop software to the mobile devices and applications with which users create and consume content. As the computer itself continues to evolve and acquire new meanings, so does our understanding of its relevant history. But it is important to remember that these new understandings do not refute or supersede these earlier histories but rather extend, deepen, and make them even more relevant.

WE HAVE ORGANIZED the book in five parts. The first covers the way information processing was handled before the arrival of electronic computers. The next two parts describe the mainframe computer era, roughly from 1945 to 1980, with one part devoted to the computer’s creation and the other to its evolution. The fourth part discusses the origins of personal computing and the internet. The fifth part examines the computer as it has become more ubiquitous and more global, as it becomes increasingly intertwined with issues of telecommunication, and as new legal problems arise as the computer raises new issues about the distribution of content and the control of people. In this fourth edition of the book, we have streamlined but not substantially changed the material that appears in the first four parts. The fifth part presents entirely new material, providing extended coverage of some of the most important developments related to computers of the twenty-first century.

Part One, on the early history of computing, includes three chapters. Chapter 1 discusses manual information processing and early technologies. People often suppose that information processing is a twentieth-century phenomenon; this is not so, and the first chapter shows that sophisticated information processing could be done with or without machines – slower in the latter case, but equally well. Chapter 2 describes the origins of office machinery and the business-machine industry. To understand the post-World War II computer industry, we need to realize that its leading firms – including IBM – were established as business-machine manufacturers in the last decades of the nineteenth century and were major innovators between the two world wars. Chapter 3 describes Charles Babbage’s failed attempt to build a calculating engine in the 1830s and its realization by Harvard University and IBM a century later. We also briefly discuss the theoretical developments associated with Alan Turing.

Part Two of the book describes the development of the electronic computer, from its invention during World War II up to the establishment of IBM as the dominant mainframe computer manufacturer in the mid-1960s. Chapter 4 covers the development of the ENIAC at the University of Pennsylvania during the war and its successor, the EDVAC, which was the blueprint for almost all subsequent computers up to the present day. Chapter 5 describes the early development of the computer industry, which transformed the computer from a scientific instrument for mathematical computation into a machine for business data processing. In Chapter 6 we examine the development of the mainframe computer industry, focusing on the IBM System/360 range of computers, which created the first stable industry standard and established IBM’s dominance.

Part Three presents a selective history of some key computer innovations in the quarter century between the invention of the computer at the end of the war and the development of the first personal computers. Chapter 7 is a study of one of the key technologies of computing, real time. We examine this subject in the context of commonly experienced applications, such as airline reservations, banking and ATMs, and supermarket barcodes. Chapter 8 describes the development of software technology, the professionalization of programming, and the emergence of a software industry. Chapter 9 covers the development of some of the key features of the computing environment at the end of the 1960s: timesharing, minicomputers, and microelectronics. The purpose of the chapter is, in part, to redress the commonly held notion that the computer transformed from the mainframe to the personal computer in one giant leap.

Part Four gives a history of the developments of the last quarter of the twentieth century when computing became “personal.” Chapter 10 describes the development of the microcomputer from the first hobby computers in the mid-1970s up to its transformation into the familiar personal computer by the end of the decade. Chapter 11’s focus is on the personal-computer environment of the 1980s, when the key innovations were user-friendliness and the delivery of “content,” by means of CD-ROM storage and consumer networks. This decade was characterized by the extraordinary rise of Microsoft and the other personal-computer software companies. Chapter 12 begins a discussion of the internet and its consequences. The chapter describes the creation of the internet and the World Wide Web, their precedents in the information sciences, and the ever-evolving commercial and social applications.

Part Five discusses the growing ubiquity of the computer, in terms of both parts of the world more actively participating in computing and also the ongoing spread of computing into various aspects of people’s personal and work lives. It is indicative of these recent changes that Time magazine selected Apple’s iPhone as “Person of the Year” for 2007. Chapter 13 discusses globalization. Topics include the off-shoring of software and services, the outsourcing of manufacture to other countries, and innovation in both Asia and beyond. Companies that receive their first attention in the book include Tata, Foxconn, Lenovo, Huawei, and the Taiwan Semiconductor Manufacturing Corporation (TSMC). When we wrote the first edition, we had no idea how the internet would unfold. It has exceeded every expectation – both good and bad. In Chapter 14 we discuss this unfolding of the internet through issues about the platformization of commerce and culture. We discuss such topics as the ascendancy of mobile devices and “cloud computing,” surveillance capitalism, fake news and the online threat to democracy, threats to brick-and-mortar businesses from online enterprises, the creation of new forms of labor in the gig economy, the disruptions to media delivery created by streaming, and the rise of cryptocurrencies. Chapter 15 discusses recent computer developments in the context of the environment, law, and politics. Topics include the environmental impacts of manufacturing and online services, intellectual property (IP) concerns, unfair competition, online political organization and activism, and privacy and surveillance issues for individuals and nations in a networked society.

We have included notes at the end of each chapter and a bibliography toward the end of the book.


Note on sources

	Between the extremes of giving a popular treatment with no citations at all and full scholarly annotation, we have decided on a middle course in which we have attempted to draw a line between pedantry and adequacy – as Kenneth Galbraith eloquently put it. In the notes to every chapter, we have given a short literature review in which we have identified a dozen or so reliable secondary sources. Where possible, we have used the monographic literature, falling back on the less accessible periodical literature only where the former falls short. The reader can assume, unless explicitly indicated, that every assertion made in the text can be readily found in this secondary literature. This has enabled us to restrict citations to just two types: direct quotations and information that does not appear in the monographs already cited.
 	Full publication data is given in the bibliography. The reader should note that its purpose is largely administrative – to put all our sources in one place. It is not intended as a reading list. If a reader should want to study any topic more deeply, we recommend beginning with one of the books cited in the literature review in the notes to each chapter.
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THE WORD computer may seem a surprising name for the information machine that is today central to our economy and society. The computer exists in many forms – as behemoths in corporations, desktop PCs and laptops, in our smart-phones, and embedded in automobiles and appliances. If we go back to the Victorian period, or even the World War II era, the word computer meant an occupation, defined in the Oxford English Dictionary as “one who computes; a calculator, reckoner; specifically a person employed to make calculations in an observatory, in surveying, etc.”

The reason the computer is so-called is that these machines have their origins in the large-scale mathematical calculations once performed by human computers.


Logarithms and Mathematical Tables

The first attempt to organize calculations on a large scale using human computers was for the production of mathematical tables, such as logarithmic and trigonometric tables. Logarithmic tables revolutionized mathematical computation in the sixteenth and seventeenth centuries by enabling time-consuming arithmetic operations, such as multiplication and division and the extraction of roots, to be performed using only the simple operations of addition and subtraction. Trigonometric tables enabled a similar speeding up of calculations of angles and areas in connection with surveying and astronomy. However, logarithmic and trigonometric tables were merely the best-known general-purpose tables. By the late eighteenth century, specialized tables were being produced for several different occupations: navigational tables for mariners, star tables for astronomers, life insurance tables for actuaries, civil engineering tables for architects, and so on. All these tables were produced by human computers, without any mechanical aid.

For a maritime nation such as Great Britain, and later the United States, the timely production of reliable navigation tables free of error was of major economic importance. In 1766 the British government sanctioned the astronomer royal, Nevil Maskelyne, to produce each year a set of navigational tables to be known as the Nautical Almanac. This was the first permanent table-making project to be established in the world. Often known as the Seaman’s Bible, the Nautical Almanac dramatically improved navigational accuracy. It has been published without a break every year since 1766.


The Nautical Almanac was not computed directly by the Royal Observatory, but by a number of freelance human computers dotted around Great Britain. The calculations were performed twice, independently, by two computers and checked by a third “comparator.” Many of these human computers were retired clerks or clergymen with a facility for figures and a reputation for reliability who worked from home. We know almost nothing of these anonymous drudges. Probably the only one to escape oblivion was the Reverend Malachy Hitchins, an eighteenth-century Cornish clergyman who was a computer and comparator for the Nautical Almanac for a period of forty years. A lifetime of computational dedication earned him a place in the Dictionary of National Biography. When Maskelyne died in 1811 – Hitchins had died two years previously – the Nautical Almanac “fell on evil days for about 20 years, and even became notorious for its errors.”1



Charles Babbage and Table Making

During this period Charles Babbage became interested in the problem of table making and the elimination of errors in tables. Born in 1791, the son of a wealthy London banker, Babbage spent his childhood in Totnes, Devon, a country town in the west of England. He experienced indifferent schooling but succeeded in teaching himself mathematics to a considerable level. He went to Trinity College, Cambridge University, in 1810, where he studied mathematics. Cambridge was the leading English university for mathematics, and Babbage was dismayed to discover that he already knew more than his tutors. Realizing that Cambridge (and England) had become a mathematical backwater compared to continental Europe, Babbage and two fellow students organized the Analytical Society, which succeeded in making major reforms of mathematics in Cambridge and eventually the whole of England. Even as a young man, Babbage was a talented propagandist.

Babbage left Cambridge in 1814, married, and settled in Regency London to lead the life of a gentleman philosopher. His researches were mainly mathematical, and in 1816 his achievements were recognized by his election to the Royal Society, the leading scientific organization in Britain. He was then twenty-five – an enfant terrible with a growing scientific reputation.

In 1819 Babbage made the first of several visits to Paris, where he met a number of the leading members of the French Scientific Academy, such as the mathematicians Pierre-Simon Laplace and Joseph Fourier, with whom he formed lasting friendships. It was probably during this visit that Babbage learned of the great French table-making project organized by Baron Gaspard de Prony. This project would show Babbage a vision that would determine the future course of his life.

De Prony began the project in 1790, shortly after the French Revolution. The new government planned to reform many of France’s ancient institutions and, in particular, to establish a fair system of property taxation. To achieve this, up-to-date maps of France were needed. De Prony was charged with this task and was appointed head of the Bureau du Cadastre, the French ordnance survey office. His task was made more complex by the fact that the government had simultaneously decided to reform the old imperial system of weights and measures by introducing the new rational metric system. This created within the bureau the job of making a complete new set of decimal tables, to be known as the tables du cadastre. It was by far the largest table-making project the world had ever known, and de Prony decided to organize it much as one would organize a factory.

De Prony took as his starting point the most famous economics text of his day, Adam Smith’s Wealth of Nations, published in 1776. It was Smith who first advocated the principle of division of labor, which he illustrated by means of a pin-making factory. In this famous example, Smith explained how the making of a pin could be divided into several distinct operations: cutting the short lengths of wire to make the pins, forming the pin head, sharpening the points, polishing the pins, packing them, and so on. If a worker specialized in a single operation, the output would be vastly greater than if a single worker performed all the operations that went into making a pin. De Prony “conceived all of a sudden the idea of applying the same method to the immense work with which I had been burdened, and to manufacture logarithms as one manufactures pins.”2

De Prony organized his table-making “factory” into three sections. The first section consisted of half a dozen eminent mathematicians, including Adrien-Marie Legendre and Lazare Carnot, who decided on the mathematical formulas to be used in the calculations. Beneath them was another small section – a kind of middle management – that, given the mathematical formulas to be used, organized the computations and compiled the results ready for printing. Finally, the third and largest section, which consisted of sixty to eighty human computers, did the actual computation. The computers used the “method of differences,” which required only the two basic operations of addition and subtraction, and not the more demanding operations of multiplication and division. Hence the computers were not, and did not need to be, educated beyond basic numeracy and literacy. In fact, most of them were hairdressers who had lost their jobs because “one of the most hated symbols of the ancien régime was the hairstyles of the aristocracy.”3

Although the Bureau was producing mathematical tables, the operation was not itself mathematical. It was fundamentally the application of an organizational technology, probably for the first time outside a manufacturing or military context, to the production of information. Its like would not be seen again for another forty years.

The whole project lasted about a decade, and by 1801 the tables existed in manuscript form all ready for printing. Unfortunately, for the next several decades, France was wracked by one financial and political crisis after another, so that the large sum of money needed to print the tables was never found. Hence, when Babbage learned of the project in 1819, all there was to show of it was the manuscript tables in the library of the French Scientific Academy.

In 1820, back in England, Babbage gained some firsthand experience of table making while preparing a set of star tables for the Astronomical Society, a scientific society that he and a group of like-minded amateur scientists had established the same year. Babbage and his friend John Herschel were supervising the construction of the star tables, which were being computed in the manner of the Nautical Almanac by freelance computers. Babbage’s and Herschel’s roles were to check the accuracy of the calculations and to supervise the compilation and printing of the results. Babbage complained about the difficulty of table making, finding it error-prone and tedious; and if he found it tedious just supervising the table making, so much the worse for those who did the actual computing.

Babbage’s unique role in nineteenth-century information processing was due to the fact that he was in equal measure a mathematician and an economist. The mathematician in him recognized the need for reliable tables and knew how to make them, but it was the economist in him that saw the significance of de Prony’s organizational technology and had the ability to carry the idea further.

De Prony had devised his table-making operation using the principles of mass production at a time when factory organization involved manual labor using very simple tools. But in the thirty years since de Prony’s project, best practice in factories had itself moved on, and a new age of mass-production machinery was beginning to dawn. The laborers in Adam Smith’s pin-making factory would soon be replaced by a pin-making machine. Babbage decided that rather than emulate de Prony’s labor-intensive and expensive manual table-making organization, he would ride the wave of the emerging mass-production technology and invent a machine for making tables.

Babbage called his machine a Difference Engine because it would use the same method of differences that de Prony and others used in table making. Babbage knew, however, that most errors in tables came not from calculating them but from printing them, so he designed his engine to set the type ready for printing as well. Conceptually, the Difference Engine was very simple: it consisted of a set of adding mechanisms to do the calculations and a printing part.

Babbage applied his considerable skills as a publicist to promote the idea of the Difference Engine. He began his campaign by writing an open letter to the president of the Royal Society, Sir Humphrey Davy, in 1822, proposing that the government finance him to build the engine.4 Babbage argued that high-quality tables were essential for a maritime and industrial nation, and that his Difference Engine would be far cheaper than the nearly one hundred overseers and human computers in de Prony’s table-making project. He had the letter printed at his own expense and ensured that it got into the hands of people of influence. As a result, in 1823 he obtained government funding of £1,500 to build the Difference Engine, with the understanding that more money would be provided if necessary.

Babbage managed to rally much of the scientific community to support his project. His boosters invariably argued that the merit of his Difference Engine was that it would eliminate the possibility of errors in tables through the “unerring certainty of mechanism.”5 It was also darkly hinted that the errors in the Nautical Almanac and other tables might “render the navigator liable to be led into difficulties, if not danger.”6 Babbage’s friend Herschel went a step further, writing: “An undetected error in a logarithmic table is like a sunken rock at sea yet undiscovered, upon which it is impossible to say what wrecks may have taken place.”7 Gradually the danger of errors in tables grew into lurid tales that “navigational tables were full of errors which continually led to ships being wrecked.”8 Historians have found no evidence for this claim, although reliable tables certainly helped Britain’s maritime activity run smoothly.

Unfortunately, the engineering was more complicated than the conceptualization. Babbage completely underestimated the financial and technical resources he would need to build his engine. He was at the cutting edge of production technology, for although relatively crude machines such as steam engines and power looms were in widespread use, sophisticated devices such as pin-making machines were still a novelty. By the 1850s such machinery would be commonplace, and there would exist a mechanical-engineering infrastructure that made building them relatively easy. While building the Difference Engine in the 1820s was not in any sense impossible, Babbage was paying the price of being a first mover; it was rather like building the first computers in the mid-1940s: difficult and extremely expensive.

Babbage was now battling on two fronts: first, designing the Difference Engine and, second, developing the technology to build it. Although the Difference Engine was conceptually simple, its design was mechanically complex. In the London Science Museum today, one can see evidence of this complexity in hundreds of Babbage’s machine drawings for the engines and in thousands of pages of his notebooks. During the 1820s, Babbage scoured the factories of Europe seeking gadgets and technology that he could use in the Difference Engine. Not many of his discoveries found their way into the Difference Engine, but he succeeded in turning himself into the most knowledgeable economist of manufacturing of his day. In 1832 he published his most important book, an economics classic titled Economy of Machinery and Manufactures, which ran to four editions and was translated into five languages. In the history of economics, Babbage is a seminal figure who connects Adam Smith’s Wealth of Nations to the Scientific Management movement, founded in America by Frederick Winslow Taylor in the 1880s.

The government continued to advance Babbage money during the 1820s and early 1830s, eventually totaling £17,000; and Babbage claimed to have spent much the same again from his own pocket. These would be very large sums in today’s money. By 1833, Babbage had produced a beautifully engineered prototype Difference Engine that was too small for real table making and lacked a printing unit, but showed beyond any question the feasibility of his concept. (It is still on permanent exhibit in the London Science Museum, and it works as perfectly today as it did then.)

To develop a full-scale machine Babbage needed even more money, which he requested in a letter in 1834 to the prime minister, the Duke of Wellington.9 Unfortunately, at that time, Babbage had an idea of such stunning originality that he just could not keep quiet about it: a new kind of engine that would do all the Difference Engine could do but much more – it would be capable of performing any calculation that a human could specify for it. This machine he called the Analytical Engine. In almost all important respects, it had the same logical organization as the modern electronic computer. In his letter to the Duke of Wellington, Babbage hinted that instead of completing the Difference Engine he should be allowed to build the Analytical Engine. Raising the specter of the Analytical Engine was the most spectacular political misjudgment of Babbage’s career; it fatally undermined the government’s confidence in his project, and he never obtained another penny. In fact, by this time, Babbage was so thoroughly immersed in his calculating-engine project that he had completely lost sight of the original objective: to make tables. The engines had become an end in themselves, as we shall see in Chapter 3.



Clearing Houses and Telegraphs

While Babbage was struggling with his Difference Engine, the idea of large-scale information processing was highly unusual – whether it was organized manually or used machinery. The volume of activity in ordinary offices of the 1820s simply did not call for large clerical staffs. Nor was there any office machinery to be had; even adding machines were little more than a scientific novelty at this date, and the typewriter had yet to be invented. For example, the Equitable Society of London – then the largest life insurance office in the world – was entirely managed by an office staff of eight clerks, equipped with nothing more than quill pens and writing paper.

In the whole of England there was just one large-scale data-processing organization that had an organizational technology comparable with de Prony’s table-making project. This was the Bankers’ Clearing House in the City of London, and Babbage wrote the only contemporary published account of it.10

The Bankers’ Clearing House was an organization that processed the rapidly increasing number of checks being used in commerce. When the use of checks became popular in the eighteenth century, a bank clerk physically had to take a check deposited by a customer to the bank that issued it to have it exchanged for cash. As the use of checks gained in popularity in the middle of the eighteenth century, each of the London banks employed a “walk clerk,” whose function was to make a tour of all the other banks in the City, the financial district of London, exchanging checks for cash. In the 1770s, this arrangement was simplified by having all the clerks meet at the same time in the Five Bells Public House on Lombard Street. There they performed all the exchanging of checks and cash in one “clearing room.” This obviously saved a lot of walking time and avoided the danger of robbery. It also brought to light that if two banks had checks drawn on each other, the amount of cash needed for settlement was simply the difference between the two amounts owed, which was usually far less than the total amount of all the checks. As the volume of business expanded, the clearing room outgrew its premises and moved several times. Eventually, in the early 1830s, the London banks jointly built a Bankers’ Clearing House at 10 Lombard Street, in the heart of London’s financial center.

The Bankers’ Clearing House was a secretive organization that shunned visitors and publicity. This was because the established banks wanted to exclude the many banks newly formed in the 1820s (which the Clearing House succeeded in doing until the 1850s). Babbage, however, was fascinated by the clearing house concept and pulled strings to gain entry. The secretary of the Bankers’ Clearing House was a remarkable man by the name of John Lubbock, who, besides being a leading figure in the City, was also an influential amateur scientist and vice president of the Royal Society. Babbage wrote to Lubbock in October 1832 asking if it were “possible that a stranger be permitted as a spectator.”11 Lubbock replied, “You can be taken to the clearing house . .. but we wish it not to be mentioned, so that the public may fancy they can have access to the sanctum sanctorum of banking, and we wish of course not to be named.” Babbage was captivated by Lubbock’s scientifically organized system, which, despite Lubbock’s proscription, he described in glowing terms in the Economy of Manufactures:


In a large room in Lombard Street, about thirty clerks from the several London bankers take their stations, in alphabetical order, at desks placed round the room; each having a small open box by his side, and the name of the firm to which he belongs in large characters on the wall above his head. From time to time other clerks from every house enter the room, and, passing along, drop into the box the checks due by that firm to the house from which this distributor is sent.12


Most of the day was spent by clerks exchanging checks with one another and entering the details in ledgers. At four o’clock in the afternoon, the settlements between the banks would begin. The clerk for each bank would total all the checks received from other banks for payment and all the checks presented for payment to other banks. The difference between these two numbers would then be either paid out or collected.

At five o’clock, the inspector of the clearing house took his seat on a rostrum in the center of the room. Then, the clerks from all the banks who owed money on that day paid the amount due in cash to the inspector. Next, the clerks of all the banks that were owed money collected their cash from the inspector. Assuming that no mistakes had been made (and an elaborate accounting system using preprinted forms ensured this did not happen very often), the inspector was left with a cash balance of exactly zero.

The amount of money flowing through the Bankers’ Clearing House was staggering. In the year 1839, £954 million was cleared – the equivalent of several hundred billion dollars in today’s money. On the busiest single day more than £6 million was cleared, and about half a million pounds in bank notes were used for the settlement. Eventually, the need for cash was eliminated altogether through an arrangement by which each bank and the Clearing House had an account with the Bank of England. Settlements were then made simply by transferring an amount from a bank’s account to that of the Clearing House, or vice versa.

Babbage clearly recognized the significance of the Bankers’ Clearing House as an example of the “division of mental labor,” comparable with de Prony’s table-making project and his own Difference Engine. He remained deeply interested in large-scale information processing all his life. For example, in 1837 he applied unsuccessfully to become registrar general and director of the English population census. But by the time really big information-processing organizations came along in the 1850s and 1860s – such as the great savings banks and industrial insurance companies – Babbage was an aging man who had ceased to have any influence.

The Bankers’ Clearing House was an early example of what would today be called “financial infrastructure.” The Victorian period was the great age of physical and financial infrastructure investment. Between 1840 and 1870, Britain’s investment in rail track grew from 1,500 to over 13,000 miles. Alongside this physical and highly visible transport infrastructure grew a parallel, unseen information infrastructure known as the Railway Clearing House, which was modeled very closely on the Bankers’ Clearing House. Established in 1842, the Railway Clearing House rapidly became one of the largest data-processing bureaucracies in the world. By 1870 there were over 1,300 clerks processing nearly 5 million transactions a year.

Another vital part of the Victorian information infrastructure was the telegraph, which began to compete with the ordinary postal system in the 1860s. Telegrams were expensive – one shilling for a twenty-word message compared with as much as you could want to write in a letter for one penny – but very fast. A telegram would speed across the country in an instant and arrive at its final destination in as little as an hour, hand-delivered by a telegraph boy.

Rather like the Internet in our own time, the telegraph did not originate as a planned communications system. Instead it began as a solution to a communications problem in the early rail system. There was a widely held fear among the public of a passenger train entering a section of track while another was heading in the opposite direction (in practice there were very few such accidents, but this did not diminish public concern). To solve the problem, inventive engineers strung up an electrical communication system alongside the track so that the signalmen at each end could communicate. Now a train could not enter a single-track section until two human operators agreed that it was safe to do so. Of course, it was not long before a commercial use was found for the new electrical signaling method. Newspapers and commercial organizations were willing to pay for news and market information ahead of their competitors. Suddenly, telegraph poles sprang up alongside railway tracks; some systems were owned by the railway companies, some by newly formed telegraph companies. Although messages were sent by electricity, the telegraph still needed a large clerical labor force to operate the machines that transmitted the messages. Much of the labor was female – the first time that female clerical labor had been used on any scale in Britain. The reason for this was that telegraph instruments were rather delicate and it was believed that women – especially seamstresses familiar with sewing machines – would have more dexterity than men.

By the mid-1860s there were over 75,000 miles of telegraph lines in Britain, operated by six main companies. However, each system operated independently and it was difficult for a telegram originating in one network to make use of another. In 1870, the British government stepped in to integrate the systems into a national telegraph network. Once this was done, telegraph usage simply exploded. More telegraph lines were erected and old ones were renewed. Telegraph offices were established in every significant town. Telegraph schools were set up in London and the provinces to train young men and women in Morse telegraphy. The cost of a telegram fell to sixpence for a dozen words.

The transmission of telegrams presented some interesting technical problems. Chief among these was the need to send telegrams between locations that were not directly connected by a telegraph line. Consider the problem of a cigar manufacturer in Edinburgh, Scotland, negotiating with a tobacco importer in Bristol, England, some 350 miles south. There was no direct connection between these two great cities. Instead the telegram had to be passed, rather like a baton in a relay race, through the telegraph offices of intermediate cities: Edinburgh to Newcastle, Newcastle to York, York to Manchester, Manchester to Birmingham, and finally Birmingham to Bristol. At each intervening telegraph office the message was received by a telegraphist on a Morse sounder and written out in longhand. The message would then be resent by another telegraphist to the next telegraph office in the chain. Although labor-intensive, the system was very resilient. If the telegraph lines between York and Manchester, say, were storm-damaged or simply very busy, the operator might send the message via Sheffield, which was not too much of a diversion. Sheffield would then send the message on its southerly route. Telegraphists needed to have a good knowledge of national geography.

After the government took over the telegraph system, and because London was the political and commercial center of Britain, it made sense for all major cities to have direct lines into the capital. In 1874 a central hub, the Central Telegraph Office, was established with a direct connection to “every town of importance in the United Kingdom.”13 The Central Telegraph Office occupied a purpose-built structure in St. Martin’s Le Grand, sited between Parliament, on the one hand, and the financial district and newspaper offices in Fleet Street, on the other. The office was the epitome of scientific modernity and featured in illustrated books and magazines. From the day it began operations, the great majority of national telegraph traffic passed through it: now our cigar manufacturer in Edinburgh could communicate with his tobacco importer in Bristol with just a single hop. This was faster, cheaper, and less likely to introduce transcription errors in the message.

In 1874, the Illustrated London News produced a full-page engraving of a gallery in the Central Telegraph Office. The image shows an information factory frozen in time: row upon row of young men and women are operating telegraph instruments, supervisors (generally just a little older than their charges) organize the work from a massive sorting table at the front of the room, while messenger boys (mostly fresh out of elementary school) run up and down the rows of telegraph stations collecting messages as they are transcribed and distributing them for onward transmission. The writer of the article explained – in words that spoke not only of the telegraph but of the times in which he lived:


It is a cheerful scene of orderly industry, and it is, of course, not the less pleasing because the majority of the persons here are young women, looking brisk and happy, not to say pretty, and certainly quite at home. Each has her own instrument on the desk before her. She is either just now actually busied in working off or in reading some message, or else, for the moment she awaits the signal, from a distant station, to announce a message for her reception. Boys move here and there about the galleries, with the forms of telegrams, which have been received in one part of the instrument-room, and which have to be signaled from another, but which have first to be conveyed, for record, to the nearest check-tables and sorting-tables in the centre.14


The journalist – evidently a man with a taste for statistics – noted that there were 1,200 telegraphists, of whom 740 were female, and 270 boy messengers. Each day between 17,000 and 18,000 messages were transmitted between provincial telegraph offices, while nearly as many again were transmitted within London. But this was only the beginning. By the turn of the century, the Central Telegraph Office employed no fewer than 4,500 clerks and transmitted between 120,000 and 165,000 telegrams a day. It was the largest office in the world.



Herman Hollerith and the 1890 Census

Compared to Europe, the United States was a latecomer to large-scale data processing. That’s because it lagged twenty or thirty years behind Europe in its economic development. When Britain, Germany, and France were industrializing in the 1830s, the United States was still primarily an agricultural country. It was not until after the Civil War that US businesses began to develop big offices, but this delay enabled them to take full advantage of the newly emerging office technologies.

Before the Civil War the only American data-processing bureaucracy of major importance was the Bureau of the Census in Washington, DC.15 The population census was established by an act of Congress in 1790 to determine the “apportionment” of members of the House of Representatives. The first census in 1790 estimated the population of the United States at 3.9 million and consequently established that there should be an apportionment of one representative for each 33,000 people, or 105 representatives. The early census data processing was very small scale, and no records exist as to how it was organized. Even by 1840, when the population was 17.1 million, there were still only 28 clerks in the Bureau of the Census. Twenty years later, however, by the 1860 census, a major bureaucracy was in place that employed 184 clerks to count a population of 31.4 million. For the 1870 census, there were 438 clerks, and the census reports amounted to 3,473 pages.

After that, the growth of the census was simply explosive. By the late nineteenth century not only was the US population burgeoning from waves of immigrants from Europe, China, and Latin America, but there was also a need for richer data on occupations, ethnicity, literacy, and health. The census of 1880 probably represented a high point in manual data processing in the United States, when no fewer than 1,495 clerks were employed to process the census data. The data-processing method in use then was known as the “tally system.”16 This can best be understood by an example. One of the reports produced by the census was a table of the age structure of the population for each of the states, and the major cities and towns (that is, the number of males and females, in their ethnic categories, of each age). A tally clerk was provided with a large tally sheet, ruled into a grid, with a dozen columns and many rows. Each pair of columns corresponded to males and females of a particular ethnic group. The rows corresponded to the age of an individual – under one year of age, one year of age, two years of age, and so on, up to a hundred years of age and over. The tally clerk would take a stack of census forms from an “enumeration district” (representing about a hundred families) and would proceed to examine the age, sex, and ethnic origin of each person on each form, putting a check mark in the appropriate cell of the grid. When the pile of forms had been processed in this way, the clerk would count the number of check marks in each of the cells and write the result at the side in red ink. This would be repeated for every enumeration district in the city. Finally, another clerk would total all the red-inked numbers on all the tally sheets for a city, entering the results onto a consolidation sheet, which would eventually become one of the tables in the census report.

The work of the census clerks was tedious beyond belief, prompting a journalist of the period to write: “The only wonder . .. is, that many of the clerks who toiled at the irritating slips of tally paper in the census of 1880 did not go blind and crazy.”17 More than twenty-one thousand pages of census reports were produced for the 1880 census, which took some seven years to process. This unreasonably long time provided a strong motive to speed up the census by mechanization or any other means that could be devised.

One person who was acutely aware of the census problem was a remarkable young engineer by the name of Herman Hollerith (1859–1929). He later developed a mechanical system for census data processing, commercialized his invention by establishing the Tabulating Machine Company in 1896, and laid the foundations of IBM. Along with Babbage, Hollerith is regarded as one of the seminal nineteenth-century figures in the development of information processing. Though Hollerith was not a deep thinker like the polymath Babbage, he was practical where Babbage was not. Hollerith also had a strong entrepreneurial flair, so that he was able to exploit his inventions and establish a major industry.

Hollerith grew up in New York and attended Columbia University, where one of his professors was an adviser to the Bureau of the Census in Washington. He invited the newly graduated Hollerith to become his assistant. While with the Census Bureau, Hollerith saw for himself the extraordinary scale of clerical activity – there was nothing else in the country to compare with it at the time. This familiarity with census operations enabled him to devise an electrical tabulating system that would mechanize much of the clerical drudgery.

Hollerith’s key idea was to record the census return for each individual as a pattern of holes on punched paper tape or a set of punched cards, similar to the way music was recorded on a string of punched cards on fairground organettes of the period. It would then be possible to use a machine to automatically count the holes and produce the tabulations. In later years Hollerith would reminisce on the origins of the idea: “I was traveling in the West and I had a ticket with what I think was called a punch photograph. [The conductor] punched out a description of the individual, as light hair, dark eyes, large nose, etc. So you see, I only made a punch photograph of each person.”18

In 1888 the preparations for the 1890 census had begun under the direction of a newly appointed superintendent of the census, Robert P. Porter. Porter, an English-born naturalized American, was a charismatic individual. He was a diplomat, an economist, and a journalist; founder and editor of the New York Press; an industrial pundit; and a well-known exponent on statistics. As soon as he was appointed superintendent, he set up a commission to select by competition an alternative to the system of tally sheets used in the 1880 and previous censuses. He was already an enthusiast for Hollerith’s system; as a journalist he had written an article about it and would later become chairman of the British Tabulating Machine Company (the ancestor of International Computers, which became Europe’s largest computer company).19 But to ensure a fair contest, he disallowed himself from being a judge of the competition.

Three inventors entered the competition, including Hollerith, and all of them proposed using cards or slips of paper in place of the old tally sheets. One of Hollerith’s rivals proposed transcribing the census return for each individual onto a slip of paper, using inks of different colors for the different questions, so that the data could be easily identified and rapidly counted and sorted by hand. The second competitor had much the same idea but used ordinary ink and cards of different colors, which would then be easy to identify and arrange by hand. These two systems were entirely manual and were similar to the card-based record systems that were beginning to emerge ad hoc in big commercial offices. The great advantage of the Hollerith system over these others was that once the cards had been punched, all the sorting and counting would be handled mechanically.

In the fall of 1889, the three competitors were required to demonstrate their systems by processing the 10,491 returns of the 1880 population census for the district of St. Louis. The trial involved both recording the returns on the cards or paper slips and tabulating them to produce the required statistical tables. So far as recording the data on cards was concerned, the Hollerith system proved little faster than the competing manual systems. But in the tabulation phase it came into its own, proving up to ten times as fast as the rival systems. Moreover, once the cards had been punched, the more tabulations that were required, the more cost-effective the Hollerith system would prove. The commission was unanimous in recommending that the Hollerith Electric Tabulating System be adopted for the 1890 census.

As preparations for the eleventh United States population census got into high gear, Superintendent Porter “rounded up what appeared to be every square foot of empty office and loft space in downtown Washington.”20 At the same time, Hollerith made the transition from inventor to supervising manufacturer and subcontracted Western Electric to assemble his census machines. He also negotiated with paper manufacturers to supply the 60 million-plus manila cards that would be needed for the census.

On 1 June 1890, an army of forty-five thousand census enumerators swept the nation, preparing the schedules for the 13 million households and dispatching them to Washington. At the Census Bureau two thousand clerks were assembled in readiness, and on 1 July they began to process the greatest and most complete census the world had ever seen. It was a moment for the American people to “feel their nation’s muscle.”21

On 16 August 1890, six weeks into the processing of the census, the grand total of 62,622,250 was announced. But this was not what the allegedly fastest-growing nation in the world wanted to hear:


The statement by Mr. Porter that the population of this great republic was only 62,622,250 sent into spasms of indignation a great many people who had made up their minds that the dignity of the republic could only be supported on a total of 75,000,000. Hence there was a howl, not of “deep-mouthed welcome,” but of frantic disappointment. And then the publication of the figures of New York! Rachel weeping for her lost children and refusing to be comforted was a mere puppet-show compared with some of our New York politicians over the strayed and stolen of Manhattan Island citizens.22


The press loved the story. In an article headlined “Useless Machines,” the Boston Herald roasted Porter and Hollerith; “Slip Shod Work Has Spoiled the Census,” exclaimed the New York Herald; and the other papers soon took up the story.23 But Hollerith and Porter never had any real doubts about the system.

After the rough count was over and the initial flurry of public interest had subsided, the Census Bureau settled into a routine. Recording all the data onto the cards was a task that kept the seven hundred card punches in almost constant operation. A punching clerk – doing what was optimistically described as “vastly interesting” work – could punch an average of seven hundred cards in a six-and-a-half-hour day. Female labor was heavily used for the first time in the census, which a male journalist noted “augurs well for its conscientious performance” because “women show a moral sense of responsibility that is still beyond the average.”24 More than 62 million cards were punched, one for each citizen.

The cards then were processed by the census machines, each of which could do the work of twenty of the former tally clerks. Even so, the original fifty-six census machines eventually had to be increased to a hundred (and the extra rentals significantly added to Hollerith’s income). Each census machine consisted of two parts: a tabulating machine, which could count the holes in a batch of cards, and the sorting box, into which cards were placed by the operator ready for the next tabulating operation. A census machine operator processed the cards one by one, by reading the information using a “press” that consisted of a plate of 288 retractable spring-loaded pins. When the press was forced down on the card, a pin meeting the solid material was pushed back into the press and had no effect. But a pin encountering a hole passed straight through, dipped into a mercury cup, and completed an electrical circuit. This circuit would then be used to add unity to one of forty counters on the front of the census machine. The circuit could also cause the lid of one of the twenty-four compartments of the sorting box to fly open – into which the operator would place the card so that it would be ready for the next phase of the tabulation.

Thus, if one counter of the tabulating machine and one sorting box compartment were wired up for a male subject and another counter and compartment were wired up for a female subject, the census machine – by reading a batch of cards – could determine the number of males and females represented and then separate the cards accordingly. In practice, counts were much more complicated than this, in order to extract as much information as possible from the cards. Counts were designed to use all forty counters on the census machine and as many as possible of the twenty-four compartments in the sorting box.

At any one time there would be upward of eighty clerks operating the machines. Each operator processed at least a thousand cards an hour. In a typical day the combined operation would eat through nearly half a million cards: “In other words, the force was piercing its way through the mass at the rate of 500 feet daily, and handling a stack of cards nearly as high as the Washington Monument.” As each card was read, the census machine gave a ring of a bell to indicate that it had been correctly sensed. The floor full of machines ringing away made a sound “for all the world like that of sleighing,” commented a journalist. It was an awe-inspiring sight and sound; and, as the same journalist noted, “the apparatus works as unerringly as the mills of the Gods, but beats them hollow as to speed.”25 Hollerith personally supervised the whole operation, combating both natural and unnatural mechanical breakdowns. One veteran of the census recounted:


Herman Hollerith used to visit the premises frequently. I remember him as very tall and dark. Mechanics were there frequently too, to get ailing machines back in operation and loafing employees back at work. The trouble was usually that somebody had extracted the mercury from one of the little cups with an eye-dropper and squirted it into a spittoon, just to get some unneeded rest.26


The 1890 census was processed in two and a half years, compared with the seven years of the previous census. Altogether, the census reports totaled 26,408 pages.

The total cost was $11.5 million, and estimates indicated that without the Hollerith system it would have cost $5 million more. For those with eyes to see, the Hollerith machines had opened up a whole new vista of mechanized information processing.



America's Love Affair With Office Machinery

While the Hollerith system was the most visible use of mechanical information processing in the United States, it was really only one of many examples of what we now call “information technology” that developed in the decades following the Civil War. The Hollerith system was not in any sense typical of this information technology. Most office machines were much more commonplace: typewriters, record-keeping systems, and adding machines. In addition there were many varieties of office supplies available to American business: a hundred different types and grades of pencil; dozens of makes of fountain pens; paper clips, fasteners, and staplers of every conceivable variety; patented check-cutting machines to prevent fraud; cashier’s coin trays and gadgets for sorting cash; carbon paper and typewriter sundries; loose-leaf ledgers and filing cabinets; wooden desks equipped with pigeonholes. The list goes on and on.

As offices grew in size, in line with the increasing volume of business in American companies, clerical operations had to become less labor-intensive and record keeping more systematic. It was to satisfy these requirements that the business-machine companies emerged. In the closing decades of the nineteenth century, office equipment, in both its most advanced and its least sophisticated forms, was almost entirely an American phenomenon. Its like would not be seen in Europe until the new century and, in many businesses, not until after World War I.

There were two main reasons for America’s affinity for office machinery. First, because of the American office’s late start compared with Europe, it did not carry the albatross of old-fashioned offices and entrenched archaic working methods. For example, back in England, the British Prudential Assurance Company had been established in the 1850s with Victorian data-processing methods that it could not shake off because redesigning the office system to make use of typewriters, adding machines, or modern card index systems was never cost-effective. Indeed, there was not a single typewriter in the Prudential before the turn of the century, and it was not until 1915 that any advanced office machinery was introduced. By contrast, the American Prudential Company in New York,27 which was established twenty years after the British company, immediately made use of any office appliances on the market and became a recognized leader in utilizing office technology – a reputation it sustained right into the 1950s, when it was one of the first American offices to computerize. Similarly, while the British clearing houses were unmechanized until well into the new century, their American counterparts became massive users of Comptometers and Burroughs adding machines during the 1890s.

But no simple economic explanation can fully account for America’s love affair with office machinery. The fact is that America was gadget-happy and was caught up by the glamour of the mechanical office. American firms often bought office appliances simply because they were perceived as modern – much as American firms bought the first computers in the 1950s. This attitude was reinforced by the rhetoric of the office-systems movement.

Just as Frederick W. Taylor was pioneering scientific management in American industry in the 1880s, focusing on the shop floor, a new breed of scientific manager – or “systematizer” – was beginning to revolutionize the American office. As an early systematizer puffed to his audience in 1886:


Now, administration without records is like music without notes – by ear. Good as far as it goes which is but a little way – it bequeathes nothing to the future. . .. Under rational management the accumulation of experience, and its systematic use and application, form the first fighting line.28


Systematizers set about restructuring the office, introducing typewriters and adding machines, designing multipart business forms and loose-leaf filing systems, replacing old-fashioned accounting ledgers with machine billing systems, and so on. The office systematizer was the ancestor of today’s information-technology consultant.

Powered by the fad for office rationalization, the United States was the first country in the world to adopt office machinery on a large scale. This early start enabled the United States to become the world’s leading producer of information-technology goods. In turn, the United States dominated the typewriter, record-keeping, and adding-machine industries for most of their histories; it dominated the accounting-machine industry between the two world wars; and it established the computer industry after World War II. There is thus an unbroken line of descent from the giant office-machine firms of the 1890s to the computer makers of the twentieth century.



Notes to Chapter 1

	A modern account of table making is The History of Mathematical Tables (2003), edited by Martin Campbell-Kelly et al. This contributed volume includes chapters on Napier’s logarithms, de Prony’s tables du cadastre, Babbage’s Difference Engines, and other episodes in the history of tables. David Grier’s When Computers Were Human (2005) includes excellent accounts of the computation of the Nautical Almanac and the tables du cadastre. The “tables crisis” and Babbage’s calculating engines are described in Doron Swade’s very readable The Difference Engine: Charles Babbage and the Quest to Build the First Computer (2001) and his earlier, beautifully illustrated Charles Babbage and His Calculating Engines (1991). Swade writes with great authority and passion, as he was the curator responsible for building Babbage’s Difference Engine No. 2 to celebrate the bicentennial of Babbage’s birth in 1991. Detailed accounts of Victorian data processing are given in Martin Campbell-Kelly’s articles on the Prudential Assurance Company, the Railway Clearing
 	House, the Post Office Savings Bank, and the British Census (1992, 1994, 1996, and 1998) and in Jon Agar’s The Government Machine (2003). The early American scene is described in Patricia Cline Cohen’s A Calculating People (1982).
 	The political, administrative, and data-processing background to the US Census is given in Margo Anderson’s The American Census (1988). The most evocative description of the 1890 US Census is given in a contemporary account by Thomas C. Martin, “Counting a Nation by Electricity” (1891); a more prosaic account is given in Leon Truesdell’s The Development of Punch Card Tabulation in the Bureau of the Census, 1890–1940 (1965). The standard biography of Hollerith is Geoffrey D. Austrian’s Herman Hollerith: Forgotten Giant of Information Processing (1982). The early office-systems movement is described in JoAnne Yates’s Control Through Communication (1989).
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IN 1928 THE WORLD’S top four office-machine suppliers were Remington Rand, with annual sales of $60 million; National Cash Register (NCR), with sales of $50 million; the Burroughs Adding Machine Company, with $32 million worth of business; and – trailing the three leaders by a considerable margin – IBM, with an income of $20 million. Forty years later those same firms were among the top ten computer manufacturers, and of the four, IBM, whose sales exceeded those of the other three combined, was the third-largest corporation in the world, with annual revenues of $21 billion and a workforce of a third of a million people.

To understand the development of the computer industry, and how this apparently new industry was shaped by the past, one must understand the rise of the office-machine giants in the years around the turn of the twentieth century. This understanding is necessary, above all, to appreciate how IBM’s managerial style, sales ethos, and technologies combined to make it perfectly adapted to shape and then dominate the computer industry for a period of forty years.

The principal activities of offices were communications with customers and suppliers, the systematic storage of records, and bookkeeping and accounting. The business-machine companies of the late nineteenth century were established to serve these needs. Remington Rand was the leading supplier of typewriters for document preparation and filing systems for information storage. Burroughs dominated the market for adding machines used for simple calculations. IBM dominated the market for punched-card accounting machines. And NCR, having started out making cash registers in the 1880s, also became a major supplier of accounting machines.


The Typewriter

The present is shaped by the past. Nowhere is this more evident than in the history of the typewriter. Little more than a century ago the female office worker was a rarity; office jobs were held almost exclusively by men. Today, so much office work is done by women that this fact often goes unremarked. It was above all the opportunities created by the typewriter that ushered female workers into the office.


A much smaller example of the past shaping the present can be seen on the top row of letters on a present-day computer keyboard: QWERTYUIOP. This wonderfully inconvenient arrangement was used in the first commercially successful typewriter produced by Remington in 1874. Because of the investment in the training of typists, and the natural reluctance of QWERTY-familiar people to change, there has never been a right moment to switch to a more convenient keyboard layout. And maybe there never will be.

Prior to the development of the inexpensive, reliable typewriter, one of the most common office occupations was that of a “writer” or “copyist.” These were clerks who wrote out documents in longhand. There were many attempts at inventing typewriters in the middle decades of the nineteenth century, but none of them was commercially successful because none could overcome both of the critical problems of document preparation: the difficulty of reading handwritten documents and the time it took a clerk to write them. In the nineteenth century virtually all business documents were handwritten, and the busy executive spent countless hours deciphering them. Hence the major attraction of the typewriter was that typewritten documents could be read effortlessly at several times the speed of handwritten ones. Unfortunately, using these early typewriters was a very slow business. Until the 1870s, no machine came even close to the twenty-five-words-per-minute handwriting speed of an ordinary copyist. Not until typewriter speeds could rival those of handwriting did the typewriter catch on.

Newfangled typewriting machines were scientific novelties, and articles describing them occasionally appeared in technical magazines. As a result of reading such an article in Scientific American in 1867, Christopher Latham Sholes, a retired newspaper editor, was inspired to invent and take out a series of patents on a new style of typewriter. This was the machine that became the first Remington typewriter. What differentiated Sholes’s invention from its predecessors was its speed of operation, which was far greater than that of any other machine invented up to then. This speed was due to a “keyboard and type-basket” arrangement, variations of which became almost universal in manual typewriters.

Sholes needed money to develop his invention, though, so he wrote – or rather typed – letters to all the financiers he knew of, offering to “let them in on the ground floor in return for ready funds.”1 One of the letters was received by a Pennsylvania business promoter named James Densmore. A former newspaperman and printer, Densmore immediately recognized the significance of Sholes’s invention and offered him the necessary backing. Over the next three or four years, Densmore’s money enabled Sholes to perfect his machine and ready it for the marketplace.

One of the problems of the early models was that when operated at high speed, the type-bars would clash and jam the machine. On the very first machines, the letters of the keyboard had been arranged in alphabetical order, and the major cause of the jamming was the proximity of commonly occurring letter pairs (such as D and E, or S and T). The easiest way around this jamming problem was to arrange the letters in the type-basket so that they were less likely to collide. The result was the QWERTY keyboard layout that is still with us.2 (Incidentally, a vestige of the original alphabetical ordering can be seen on the middle row of the keyboard, where the sequence FGHJKL appears.)

Densmore made two attempts to get the Sholes typewriter manufactured by small engineering workshops, but they both lacked the necessary capital and skill to manufacture successfully and cheaply. As one historian of manufacturing has noted, the “typewriter was the most complex mechanism mass produced by American industry, public or private, in the nineteenth century.”3 Not only did the typewriter contain hundreds of moving parts, it also used unfamiliar new materials such as rubber, sheet iron, glass, and steel.

In 1873 Densmore managed to interest Philo Remington in manufacturing the typewriter. Remington was the proprietor of a small-arms manufacturer, E. Remington and Sons, of Ilion, New York. He had no great interest in office machinery, but in the years after the Civil War the firm, needing to turn swords into plow-shares, started to manufacture items such as sewing machines, agricultural equipment, and fire engines. Remington agreed to make a thousand typewriters.

The first ones were sold in 1874. Sales were slow at first because there was no ready market for the typewriter. Business offices had barely begun to use machines of any kind, so the first customers were individuals such as “reporters, lawyers, editors, authors, and clergymen.”4 One early enthusiast, for example, was Samuel Langhorne Clemens – better known as Mark Twain – who wrote for Remington one of the most famous testimonials ever:


Gentlemen:


Please do not use my name in any way. Please do not even divulge the fact that I own a machine. I have entirely stopped using the Type-Writer, for the reason that I never could write a letter with it to anybody without receiving a request by return mail that I would not only describe the machine but state what progress I had made in the use of it, etc., etc. I don’t like to write letters, and so I don’t want people to know that I own this curiosity breeding little joker.

Yours truly, Saml. L. Clemens.5


It took five years for Remington to sell its first thousand machines. During this period the typewriter was further perfected. In 1878 the company introduced the Remington Number 2 typewriter, which had a shift key that raised and lowered the carriage so that both upper and lowercase letters could be printed. (The first Remington typewriter printed only capital letters.)

By 1880 Remington was making more than a thousand machines a year and had a virtual monopoly on the typewriter business. One of the crucial business problems that Remington addressed at an early date was sales and after-sales service. Sales offices enabled potential customers to see and try out different models of typewriter before making a purchase. Typewriters were delicate instruments; they were prone to break down and required trained repair personnel. In this respect, the typewriter was a little like the sewing machine, which had become a mass-produced item about a decade earlier. Following Singer’s lead, the Remington Typewriter Company began to establish local branches in the major cities from which typewriters were sold and to which they could be returned for repair. Remington tried to get Singer to take over its overseas business through its branch offices abroad, but Singer declined, and so Remington was forced to open branch offices in most of the major European cities in the early years of the twentieth century.

By 1890 the Remington Typewriter Company had become a very large concern indeed, making twenty thousand machines a year. During the last decade of the century it was joined by several competitors: Smith Premier in 1889, Oliver in 1894, Underwood in 1895, and Royal a few years later. During this period the typewriter as we know it became routinely available to large and small businesses. By 1900 there were at least a dozen major manufacturers making a hundred thousand typewriters a year. Sales continued to soar right up to World War I, by which time there were several dozen American firms in existence and more in Europe. Selling for an average price of $75, typewriters became the most widely used business machines, accounting for half of all office-appliance sales.

The manufacture and distribution of typewriters made up, however, only half the story. Just as important was the training of workers to use them. Without training, a typewriter operator was not much more effective than an experienced writing clerk. Beginning in the 1880s, organizations came into being to train young workers (mostly women) for the new occupation of “type-writer,” later known as a “typist.” Typing had a good deal in common with shorthand stenography and telegraphy, in that it took several months of intense practice to acquire the skill. Hence many typewriting schools grew out of the private stenography and telegraph schools that had existed since the 1860s. The typewriter schools helped satisfy a massive growth in the demand for trained office workers in the 1890s. Soon the public schools joined in the task of training this new workforce, equipping hundreds of thousands of young women and men with typewriting skills. The shortage of male clerks to fill the burgeoning offices at the turn of the century created the opportunity for women to enter the workplace in ever-increasing numbers. By 1900 the US Census recorded 112,000 typists and stenographers in the nation, of whom 86,000 were female.6 Twenty years previously, there had been just 5,000, only 2,000 of them women.

By the 1920s office work was seen as predominantly female, and typing as universally female. As a writer on women’s work characterized the situation with intentional irony, “a woman’s place is at the typewriter.”7 Certainly the typewriter was the machine that above all brought women into the office, but there was nothing inherently gendered about the technology and today “key-boarding” is the province equally of men and women.

For many years, historians of information technology neglected the typewriter as a progenitor of the computer industry. But now we can see that it is important to the history of computing in that it pioneered three key features of the office-machine industry and the computer industry that succeeded it: the perfection of the product and low-cost manufacture, a sales organization to sell the product, and a training organization to enable workers to use the technology.




The Rands

Left to itself, it is unlikely that the Remington Typewriter Company would have succeeded in the computer age – certainly none of the other typewriter companies did. However, in 1927 Remington became part of a conglomerate, Remington Rand, organized by James Rand Sr.8 and his son James Jr. The Rands were the inventor-entrepreneur proprietors of the Rand Kardex Company, the world’s leading supplier of record-keeping systems.

Filing systems for record keeping were one of the breakthrough business technologies, occurring roughly in parallel with the development of the typewriter. The fact that loose-leaf filing systems are so obviously low-tech does not diminish their importance. Without the technology to organize loose sheets of paper, the typewriter revolution itself could never have occurred.

Before the advent of the typewriter and carbon copies, business correspondence was kept in a “letter book.” There was usually both an ingoing and an outgoing letter book, and it was the duty of a copying clerk to make a permanent record of each letter as it was sent out or received – by copying it out in longhand into the letter book. It was inevitable that this cumbersome business practice would not survive the transition from small businesses to major enterprises in the decades after the Civil War. That process was greatly accelerated by the introduction of the typewriter and carbon copies, which made document preparation convenient.

The first modern “vertical” filing system was introduced in the early 1890s and won a Gold Medal at the 1893 World’s Fair. The vertical filing system was a major innovation, but it has become so commonplace that its significance is rarely noted.

It is simply the system of filing records in wood or steel cabinets, each containing three or four deep drawers; in the drawers, papers are stored on their edges. Papers on a particular subject or for a particular correspondent are grouped together between cardboard dividers with index tabs. Vertical filing systems used only a tenth of the space of the box-and-drawer filing systems they replaced and made it much faster to access records.

At first, vertical filing systems coped very well, but as business volumes began to grow in the 1890s, they became increasingly ineffective. One problem was that organizing correspondence or an inventory worked quite well for a hundred or even a thousand records but became very cumbersome with tens or hundreds of thousands of records.

Around this time, James Rand Sr. (1859–1944) was a young bank clerk in his hometown of Tonawanda, New York. Fired up by the difficulties of retrieving documents in existing filing systems, in his spare time he invented and patented a “visible” index system of dividers, colored signal strips, and tabs, enabling documents to be held in vertical files and located through an index system three or four times faster than previously. The system could be expanded indefinitely, and it enabled literally millions of documents to be organized with absolute accuracy and retrieved in seconds.

In 1898 Rand organized the Rand Ledger Company, which quickly came to dominate the market for record-keeping systems in large firms. By 1908 the firm had branch offices in nearly forty US cities and agencies throughout the world. Rand took his son, James Rand Jr., into the business in 1908. Following his father’s example, Rand junior invented an ingenious card-based record-keeping system that the company began to market as the Kardex System. It combined the advantages of an ordinary card index with the potential for unlimited expansion and instant retrieval. In 1915 Rand junior broke away from his father and, in a friendly family rivalry, set up as the Kardex Company. Rand junior was even more successful than his father. By 1920 he had over a hundred thousand customers, ninety branch offices in the United States, a plant in Germany, and sixty overseas offices.

In 1925 Rand senior was in his mid-sixties and approaching retirement. At the urging of his mother, Rand junior decided that he and his father should resume their business association, and the two companies were merged as the Rand Kardex Company, with the father as chairman and the son as president and general manager. The combined firm was by far the largest supplier of business record-keeping systems in the world, with 4,500 field representatives in 219 branch offices in the United States and 115 agencies in foreign countries.

Rand junior set out on a vigorous series of mergers and business takeovers, aimed at making the company the world’s largest supplier of all kinds of office equipment. Several other manufacturers of loose-leaf card index systems were acquired early on, followed by the Dalton Adding Machine Company and, later, the Powers Accounting Machine Company – the makers of a rival punched-card system to Hollerith’s. In 1927, the company merged with the Remington Typewriter Company and became known as Remington Rand. With assets of $73 million, it was far and away the largest business-machine company in the world.



The First Adding Machines

Typewriters aided the documentation of information, while filing systems facilitated its storage. Adding machines were primarily concerned with bookkeeping and accounting. The development of mass-produced adding machines followed the development of the typewriter by roughly a decade, and there are many parallels in the development of the two industries.

The first commercially produced adding machine was the Arithmometer, developed by Thomas de Colmar of Alsace at the early date of 1820. However, the Arithmometer was never produced in large quantities; it was hand-built probably at the rate of no more than one or two a month. The Arithmometer was also not a very reliable machine; a generation went by before it was produced in significant quantities (there is virtually no mention of it until the Great Exhibition of 1851 in London). Sturdy, reliable Arithmometers became available in the 1880s, but the annual production never exceeded a few dozen.

Although the Arithmometer was relatively inexpensive, costing about $150, demand remained low because its speed of operation was too slow for routine adding in offices. To operate it, one had to register the number digit by digit on a set of sliders and then perform the addition by turning a handle. Arithmometers were useful in insurance companies and in engineering concerns, where calculations of seven-figure accuracy were necessary. But they were irrelevant to the needs of ordinary bookkeepers. The bookkeeper of the 1880s was trained to add up a column of four-figure amounts mentally almost without error and could do so far more quickly than by using an Arithmometer.

At the beginning of the 1880s, the critical challenge in designing an adding machine for office use was to speed up the rate at which numbers could be entered. Of course, once this problem had been solved a second problem came into view: financial organizations, particularly banks, needed a written record of numbers as they were entered into the adding machine so that they would have a permanent record of their financial transactions.

The solvers of these two critical problems, Dorr E. Felt and William S. Burroughs, were classic inventor-entrepreneurs. The machines they created, the Comptometer and the Burroughs Adding Machine, dominated the worldwide market well into the 1950s. Only the company founded by Burroughs, however, successfully made the transition into the computer age.

Dorr E. Felt was an obscure machinist living in Chicago when he began to work on his adding machine. The technological breakthrough that he achieved in his machine was that it was “key-driven.” Instead of the sliders of the Arithmometer, or the levers used on other adding machines that had to be painstakingly set, Felt’s adding machines had a set of keys, a little like those of a typewriter. The keys were arranged in columns, labeled 1 through 9 in each column.9 If an operator pressed one figure in each column, say, the 7, 9, 2, 6, and 9 keys, the amount $792.69 would be added into the total displayed by the machine. A dexterous operator could enter a number with as many as ten digits (that is, one digit per finger) in a single operation. In effect, Felt had done for the adding machine what Sholes had done for the typewriter.

In 1887, at the age of twenty-four, Felt went into partnership with a local manufacturer, Robert Tarrant, to manufacture the machine as the Felt & Tarrant Manufacturing Company. As with the typewriter, sales were slow at first, but by 1900 the firm was selling over a thousand machines a year.

There was, however, more to the Comptometer business than making and selling machines.
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