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1. Introduction

  For a usual researcher like me, it is an unusual opportunity to give a lecture to the public audience on a general topics which is not directly connected to his/her own research topics.  It is exciting on one hand, but it brings some pressure on the other hand.  Of course, pressure comes from the lack of sufficient familiarity on the subject he/she is going to talk about.  At the same time, there is a natural expectation that unfamiliarity may bring a fresh viewpoint that is new to experts of the subject. 

 I am not an expert in information technology (IT).  However, control engineering which is my field has been significantly influenced by computer technology for at least 40 years.  Control technology has advanced hand in hand with computer technology.  Especially, automation exhibits the most remarkable outcome of the interplay between control and computer technologies, whose rise dates back to at least 50 years ago.  Then, how IT is intrinsically different from conventional computer technology which control engineers are familiar with?  What sort of possibilities does it bring to control technology?  As the word IT prevails and IT overshadows other technologies, temptation to answer these questions has grown in my mind.  This lecture tries to answer these questions from a control engineering point of view.  

To argue the whole IT is beyond my ability.  I just try to formulate the background of IT emphasizing continuity with other technologies rather than discontinuity.  There are a number of books which discuss various features of IT.  However, there is no book that deals with IT from control engineering point of view to my knowledge.  In this sense, this might give a new perspective of IT.  I hope this note will encourage control people to be involved in IT to achieve their aims.  You might guess my conclusion from the title which is a bit provoking.  But actually, it is a natural view to IT if you take the word control in its broadest sense.

  I am grateful to the University of Hong Kong for giving me this exceptional honor.  Especially,, I am thankful to Dr. James Lam for arranging everything including the review of this note.

2. IT from a Control Point of View

  Just a couple of years ago, IT was regarded as a sort of magical casket which contained many new instructions for gaining profit in business and manufacturing.  Internet, the core platform of IT, was considered to be an essentially new medium of communications whose influence was so enormous that the value chains of human being might be changed drastically.  Many multi-media prophets stated that awareness of the potential of the internet might bring you huge profit.  Many people talked about IT revolution.  Some countries took its promotion as a national strategic target.  Currently, the fever seemed to calm down a bit due to the drastic decline of the IT industry (Dotcoms Crash) in the world.  

  Actually, we had a similar situation 20-30 years ago, the emergence of the information society was taken by some scholars and critics as a symptom of the fundamental societal transformation, when the importance of information in the society became so visible.  A brief list of such trials is shown in Table 1.  Most of them took positive and optimistic attitude towards the future in the sense that the coming new stage of civilization would be free from some of the pressure of the industrial society.  A typical example was Alvin Toffler who wrote a famous book [4].

Twenty years has elapsed since then, and the real world didn’t take the course which he anticipated 20 years ago.  Rather, the civilization came along the line almost opposite to what he expected to see.  For instance, he anticipated the weakening centralization and standardization.  Actually, the opposite came into being, as you see.  Now, we can conclude that Alvin Toffler’s perception turned out to be mostly an illusion.

Table 1.  Trails of Identifying Societal Transformations

(Agriculture → Industry → ?)

	Year
	Transformations
	Identifiers

	1962
	Computer Revolution
	Berkeley

	1963
	Post-bourgeois Society
	Lichtheim

	1967
	New Industrial States
	Galbraith

	1968
	Postmodern Society
	Etzioni

	1969
	Age of Discontinuity
	Drucker

	1970
	Computerized Society
	Martin & Norman

	1971
	Superindustrial society
	Toffler

	1972
	World without Boarder
	Broun

	1973
	Post-Industrial Society
	Bell

	1974
	Information Revolution
	Lamberton

	1975
	Third Industrial Revolution
	Stine

	1977
	Electronics Revolution
	Evans

	1979
	Computer Age
	Bell, Dertowzos & Moses

	1980
	Third Wave
	Toffler

	1981
	Information Society
	Martin & Butler


Does the same thing happen to IT?  Is the IT Revolution an illusion?  I believe that the answer to the question is now easy from a control engineering point of view.  Even we can answer the question: Why IT is now dominant in industry?

  A key to the answer is found in the book by James R. Beniger [3] which was published fifteen years ago when the word IT was not used in the present context.  In that book, he tried to answer the question why information society came into being in the latter half of the 20th century.  His answer was that the impetus to the information society dated back to the latter half of the 19th century when control revolution took place in response to the crisis of control created by the Industrial Revolution one century ago.  The continuous progress of control revolution in many sectors of the society brought eventually the information society.  He thought that the emergence of the information society was not a sudden and discontinuous phenomenon leading to a new era, but rather a completion of continuous societal transformation caused by the evolution of control technology.  Here, the word control is used in a wider sense than the normal engineering implications.  What he described 15 years ago seems to be totally justified even in the context of the current IT, contrary to what Alvin Toffler addressed 20 years ago.  We are even able to have clearer view than Beniger had 15 years ago.

  IT is an amalgamation of three technologies: Communication, Automation and Computation.  These technologies were originated in the 19th century.  First, communication came which was commercialized in mid 19th century, second, automation was commercialized towards the end of the 19th century, and finally computation which has its origin in the end of the 19th century but its commercial use had to be delayed to late 1930’s.  In the context of Beniger’s book, communication and automation have played significant roles in the control revolution of the 19th century.  These two key technologies were merged mediated by computer technology to form IT.  This is our view.  IT is an eventual outcome of the continuous progress of the control revolution that took place in the latter half of the 19th century, rather than a sudden creation.  It completes the continuous societal transformation that has been under way for years.  We shall detail this view based on the notions of outward and inward technologies.

3. Was James Watt the Father of Industrial Revolution?

In Japan, we learn at school that James Watt who invented the steam engine was the father of the Industrial Revolution, perhaps in the same way as in many other countries.  This is not a common opinion among historians.  For instance, Samuel Lilley, a famous researcher of the history of technology, wrote clearly in his celebrated book [8] that James Watt was not the father of the Industrial Revolution.  He thought that, before James Watt invented the steam engine, large-scale manufacturing had already been under way, especially in the textile industry in Britain.  He stated that in mid 18th century, quite sophisticated and productive textile machines were already used with hydraulic power or earlier version of steam engine invented by Newcomen as their power source.  According to his opinion, Watt’s engine was able to solve the issue of tight power supply.  For Professor Lilley, James Watt was one among the group of great inventors appeared at that time in Britain.  

Those who think that James Watt to be the father of the Industrial Revolution emphasize his contribution as an inventor of the prime mover, the power amplifier.  They tend to think that the Industrial Revolution was the energy revolution and Watt created an initial impetus to increase the energy consumption of human being.  This view which is common among physicists and chemists is contrasted by an alternative view that the industrial revolution was thrusted by continued increase of sophistication and up-scaling of material handling machines that extended human ability of manufacturing.  For the latter view, power amplification is important but it is motivated by the progress of machine technology.  

Which is the initial thrust of the Industrial Revolution, power or tool?  This question might not be sensible, because both are complementary to each other.  It is, however, worth noting that there are two views on technology: one emphasizes a natural science point of view, while the other an artifact point of view.  The former tends to discuss technology in relation to natural science, while the latter tends to think technology in relation to society.  As for the Industrial Revolution, the former tends to emphasize James Watt’s contribution to thermodynamics through his invention of prime movers which greatly innovated physics and chemistry in the 19th century, while the latter tends to emphasize the great innovation of human artifacts shown in textile machines at that time.

Actually, James Watt also made great contribution to the innovation of artifacts.  He did it through his invention of the centrifugal governor for controlling the speed of the steam engine.  He took the idea from the lift tentor which was used for speed regulation of windmills.  Fig.1 illustrates how it works.  When the rotation speed of the load is increased, the steam supply is decreased through the movement of the valve caused by the increased centrifugal force of the pendulum.  When the rotation speed of the load is decreased, the opposite phenomenon takes place resulting in the increase of steam supply.  In this way, the rotation speed of the load is maintained at a certain fixed level.  This is a typical feedback control, and actually the first feedback control system in the history of human being widely used on the commercial basis.  This system enabled us to control the speed of rotary machines driven by steam engines at our disposal.  

[image: image1.bmp]
Fig.1  Watt’s Centrifugal (Fly-ball) Governor

Before the Industrial Revolution, the available power for work was limited to three kinds: wind, water and animals.  All of them are subject to large variations and uncertainties.  Wind changes its force and turns its direction continuously.  River changes its water flow from day to day.  Animals need experienced people to tame them.  Thus, all the power sources which were available before the Industrial Revolution were limited not only in their magnitude but also in their usability.  Watt’s steam engine with centrifugal governor then solved both problems.  Human being obtained the real prime mover which can supply power far beyond wind, water and animals in their usual states at any time and as much as they want.  

The importance of the invention of the centrifugal governor has not been so much recognized in history of technology.  The governor made the steam engine a real prime mover in the above sense.  If it had not come into being, the use of steam engine might have been limited and the Industrial Revolution might not have gone so far as it was in real history.  The centrifugal governor demonstrated that the prime movers must be accompanied by some control systems to control their power flow in order that it is widely used for various purposes.  This observation has made a great impact on the development of artifacts.  In this sense, James Watt was the real father of the Industrial Revolution.
4. Inward and Outward Technologies

At this point, it is important to notice that the two inventions by James Watt are different and even independent of each other.  He invented the steam engine (people might say that he simply improved the existing steam engine) utilizing the atmospheric pressure, a law of the physical world, while he invented the centrifugal governor based mainly on the principle of feedback, a typical law in the world of artifacts which is essentially independent of the laws of nature.  This suggests that technology is divided into two categories: one is to enlarge the sphere of human ability against the nature which we call outward technology, while the other is to enhance the values of the technological products to their maximum for human use, which we call inward technology.  The steam engine is obviously an outcome of outward technology, while the centrifugal governor belongs to inward technology.  These two categories sometimes overlap and not always distinguishable from each other, but there is a clear division between them in terms of motivations, background knowledge, and social functions.  At least, it is convenient to distinguish the two categories in order to understand dynamic nature of technological development.  These two types of technology are complementary to each other.  The outward technology is more visible to people and its achievements tend to be glorified, while the inward technology is easily oversighted because of its indirect influence to human life.  But its importance is getting clearer in modern technology.  Table 2 lists some characteristics of these two types of technologies in contrast to each other.

Table 2.  Two Categories of Technology

	Outward Technology
	Inward Technology

	Driven by laws of nature
	Driven by laws of artifacts

	Interest in specific properties
	Extract universality

	Emphasize depth
	Emphasize broadness


5. Crisis of Control and Control Revolution

  In USA, the public railway service by steam locomotives started in 1830.  In those days, there was no way to control the traffic on railway mainly due to the lack of communications among the trains under operation.

  Since early railroads operated on a single track, the simplest and safest way was that all trains ran one way one day and the other way next.  This policy was taken in most long distance lines, but actually it was very inconvenient for most customers.  Another policy was that the two trains running in opposite directions were supposed to meet at a certain point where the train of the first arrival must wait until the second had passed.  The Western Railroad, America’s first intersectional railway link, ran six trains each day, three for one direction and the other three in the opposite direction.  Thus, there were nine meetings each day.  

A tragedy took place on October 5, 1841.  Two trains collided head-on near Boston, killing two, handicapping eight and less critically injuring nine.  This was the first spectacular land wreck in human history.  Big outcry against the railway service was heard publicly [3].  The disaster clearly indicated that the potential of the steam locomotive was not fully exploited at that time due to the premature infrastructure for smooth running of railway service even with six trains a day.  It showed the existence of a sharp gap between the advanced outward technology and the infant inward technology.  

The crisis of safety on the railroad was gradually alleviated by the introduction of the telegraph for the communication between stations which was commercialized by Morse in 1844.  The expansion of the railway business was remarkable.  For instance, the Erie Railroad, America’s first great trunk line, ran 5 locomotives, 6 passenger cars and 3 freight cars at an average speed of 12 miles per hour in 1841.  One decade later, it ran 123 locomotives, 68 passenger cars and 1373 freight and baggage cars at an average speed of 24 miles an hour.  Unfortunately, the number of casualties of the accidents also increased, though the introduction of telegraphy greatly improved the efficiency of railway management.  In the first decade of Erie’s service as a trunk line, 167 people were killed by accidents [3].  People gradually got accustomed to hear the disasters occurring even day by day.

  The emphasis had been shifted from safety to efficiency.  It took quite a long time for railway companies to find the technology to handle the complex daily train services.  It is remarkable to see that during 40 years in the latter half of the 19th century, the average speed of trains was kept constant at approximately 25 miles per hour for ordinary service and 35 miles per hour for express service, in spite of remarkable advances in locomotive technology[3].  This means again that the lack of sufficient inward technology (scheduling, control, management, communications, recording etc.) prevented the full exploitation of the potential of railway business.  The installment of telegraph systems led to the smooth management of train schedule.  Actually, railroad companies were the first which used telegraphy on the commercial basis.  The progress of transportation and communication were going in a complimentary way.

  Analogous situations held also in some sectors of industry.  However, in those days, the social infrastructure was so premature that big gap was created between the potential and the real of technologies.  What happened on the railroad service were symbolic for this gap.  This gap was called the crisis of control by Beniger.  Table 3 illustrates a list of the events of the crisis of control[3].

Table 3.  Example of Crisis of Control

Transportation

	1841
	Western Rail Road Collision

	1849
	Freight Shipping Disaster

	1851
	Erie Railroad misplaced cars for months

	1860’s
	Introduction of fast-freight and express services created continuing difficulty

	1870’s
	Railroad delays were building


Production

	1850’s
	Increasing network of grain elevator and warehouse caused difficulty in tracking shipments

	1860’s
	Increased production of petroleum generated big surplus over demand


  The wide-spread use of steam power increased the scale of machines, equipments and tools resulting in the expectation of increased throughputs.  It was necessary to organize systems of various materials handlings in a systematic way to increase the throughputs to the maximum under the constraints of the machine performance.  The incentive of automation was thus created in the latter half of the 19th century in USA, where the larger scale of production yields larger profit.

According to Delman Harder who was an executive of General Motors, automation was the automatic handling of parts between progressive production.  He was regarded as the first person to use the word automation in 1938.  The road to automation in the Harder’s sense had been paved through the production system with the moving assembly now common in automobile industry.  In 1913, Ford’s Highland Park Plant initially introduced this system to produce Model T.  The moving assembly system required a complete standardization and interchangeability of parts which were really the most essential ideas of modern manufacturing and at the same time the most significant achievements of control engineering.  Adoption of the complete moving assembly system drastically reduced the cost of cars, which opened up the motor age of the 20th century.  In the moving assembly systems, human power played significant roles.  As was shown in the cinema Modern Times produced by Chalie Chaplin, workers of automobile industry were engaged in highly specialized jobs which were normally quite monotone and simply repetitive.  Later, these jobs were replaced by machines and even robots in the age of automation.  The earlier system of assembly line involved and required human power and it was a highly organized inward technology to fully utilize the potential of outward technology at that time. 

Though the Ford system was so well known as a prototype of modern production line, the origin of such systems dates back at least 30 years further and even in a more advanced way.  For example, the oatmeal factory established in 1882 by Henry Crowell was able to produce packaged oatmeal boxes almost entirely automatic way from raw oat in a single production line [3].  The factory was described by Marquette as “the first in the world to maintain under one roof operations to grade, clean, hull, cut, package and ship in a continuous process” [7].  The canning factory established in 1883 by Norton was able to produce complete tin cans at the rate of 40 to 70 cans per minutes almost automatically through various steps of processing and forming [3]. 

  In summary, the Industrial Revolution abruptly enhanced the social capacity of energy consumption and ability of material transformation.  But it outpaced the progress of social infrastructures to fully utilize the potential of the Industrial Revolution opened up throughout the 18th century.  In other words, the outward technology outpaced the inward technology.  Sometimes, social pressure was built up by this gap between the outward and inward technologies.  In USA where the Industrial Revolution came in early 19th century, the gap took an especially sharp form.  We have seen that two important inward technologies, communication and automation, came to fill the gap.  We shall review the progress of these two technologies from the viewpoint of IT.

6. From Telegraph to Internet

  Before the Industrial Revolution, communication technology had not developed much.  Signal fire and pigeon message are hardly regarded as technology.  Communications were done principally by letters.  Thus, communication and transportation were not separable.  The invention of telegraphy in early 19th century opened a new roadmap for future communication which is independent from transportation.  Telegraphy was really the point of departure between communication and transportation.  The electric current moves with the fastest speed among existing physical substances.  Thus, the telegraph which uses the electric current already achieved the maximum speed of information transmission.  It is interesting to note that the telegraph was essentially digital in the sense that it used coded binary signals, Morse Code.

In Table 4, a brief list of the events in the history of communications is illustrated.  One major progress in the 19th century took the route from telegraphy to telephone which not only  increased the content of information, but also it enabled the simultaneous bilateral information exchange between remote places.  Another major progress was the invention of wireless communication.  This enabled the communication between moving communicators.  Wireless telephones now prevailing over the world came into being already in the 19th century.  

The growing needs of telecommunication motivated various sophisticated transmission methods.  Expansions of telephone network resulted in increasing complexity of exchange operations. The need for rapid, efficient and durable exchangers was pressing after World War II which gave strong motivation for the progress of electronics.  At the same time, as an extension of wireless communication, the radar was invented in UK which played significant role during World War II.

Table 4. Progress of Telecommunications before World War II

	1837
	Demonstration of telegraph by Morse

	1839
	Telegraph was used by railroad companies in UK

	1846
	Electric Telegraph INC. was established

	1850
	Undersea Cable between UK and France

	1861
	Cable between East and West Coasts in USA

	1866
	Undersea Cable between UK and USA

	1876
	Bell Invented telephone

	1878
	Bell established the Bell Telephone INC.

	1891
	Telephone line between UK and France

	1896
	Marconi demonstrated wireless communication

	1902
	Marconi demonstrated the possibility of transmitting voice 

through wireless media

	1906
	Radio broadcast was demonstrated

	1919
	Invention of Superhetrodyne receiver

	1922
	Commercial radio broadcast

	1931
	Microwave was commercially used

	1935
	TV broadcast


  The advent of computers brought a new feature in communication engineering, that is, the data communication between computers.  It was motivated initially by time-sharing use of host computers through remote terminals.  Then, it was extended to diverse use of online real time processing in 1960’s.  Table 5 illustrates an explosive increase of online use of computer networks.  Table 6 shows the differences between telephone and data communications.  In place of exchangers in telephone, data communication requires a protocol to send data to specific destinations which may have different environments from the senders.

Table 5.  Rapid Growth of Online Systems in US

	
	Number of Online Systems

	1960
	32

	1966
	2,300


Table 6.  Transition from voice to data

	
	Voice
	Data

	Software
	Exchanger
	Protocol

	Technology
	Analog
	Digital

	Transmission
	Circuit Switching
	Packet Switching


  Is communication technology inward or outward?  This is a difficult question to answer though we have identified it inward.  The right answer is perhaps both.  Before the Industrial Revolution, it was certainly inward, but when Morse used electric current as an information medium, it became outward because it fully used the power of nature.  The same reasoning applies to the discovery of electromagnetic wave by Hertz and its use for inventing wireless communications by Marconi.  Once electricity was found to be usable and the fastest medium for signal transmission, communication technology became more inward than outward.  Recent space and satellite communications again have a strong outward feature.  The internet is a typical inward technology, since the most salient feature of the internet lies not in the development of hardwares like routers and optical fibres, but in the softwares like www, TCP/IP, Java etc. that accelerated the laissez-faire nature of its structure and operation.  This attitude which is sometimes called neoliberalism [9] is really the major reason why the internet has grown so big and affects the life of human being now.

  Actually, the telecommunication policy of USA used to be far from neoliberal as in other countries.  It was under strict federal regulation until the end of 1950’s.  The use of telephone cables for different purposes was strictly regulated under state and federal laws.  The increased corporate needs for data communication forced industries to strongly claim the open policy for telecommunication.  The federal government gradually gave way to deregulation, the completion of which was the division of the ATT.  

Computer networks came along the same line.  As was well known, the idea of connecting computer networks by backbone cables was first realized as the ARPANET which was constructed for military purpose to connect various computer networks for defense, and consequently, its design principle was far from neoliberal.  The backbone building was then taken over by NSF on a larger scale which constructed the NSFNET.  This was the real predecessor of the internet which started in 1995.  

The neoliberal attitude towards the internet was built up due to various reasons.  The neoliberalism was already dominant among PC manufactures since IBM took the policy of open architecture in 1980’s.  The intensive competition among PC manufactures required continuous creation of new demands in the PC market.  This also motivated the neoliberal attitude of the US government, as well as consolidating backbone infrastructure.  Schiller’s book[9] made detailed analysis in this respect.

7. Progress in Automation after World War II

  The emergence of a new tide in the industrial world, automation, became visible in the beginning of 1950’s.  Automation has developed roughly in the three different categories, namely, process automation, machine automation and office automation.  

The process automation started in the early stage of chemical industry.  It contributed to the success of fixation of air nitrogen through strict control of the vessel pressure.  The fixation of air nitrogen solved the world food crisis at that time generated by the shortage of fertilizer that contained a big amount of nitrogen.  Bosch, the inventor of the fixation method, clearly spoke that the control system was essential for maintaining the reactions because they always had to be carried out under high pressure which put the vessel at its strength bound.  The pressure inside the vessel must be kept as high as possible within the limit of vessel’s strength.  This had not been done without precise pressure control.

  After this success, feedback control of various physical quantities in chemical production processes became common, with the effect that chemical production processes were made continuous.  The continuous flows of materials were processed in various ways, e.g., stirred, mixed, chemically activated, vaporized, burned, condensed etc, just like the belt-conveyer system of automobile industry.  Adoption of the continuous process greatly enhanced the productivity, as well as the quality of products.  At the same time, its operation depended highly on automatic control.  The PID (Proportional, Integral and Derivative) controller was commercialized in late 1920’s, which is still being used widely in process industry.  Oil refinery industry was the forerunner of the process automation before World War II.

  Process automation was greatly innovated by computer control that started in late 1950’s.  During 1960’s, the main trend of process control was characterized by the DDC (Direct Digital Control) where the process computer played the role of a feedback controller.  The output of computers directly drove various actuators such as valves, cylinders and relays.  The main jobs of the workers were only inspecting and maintaining.  

Computers were used not only for DDC, but also for optimizations of production plans. The automation combined with computer power brought some ideal automatic material handling in the chemical industry.

  The next generation of process automation is characterized by the large-scale system integration.  The optimization of operations under various criteria and constraints is one of the most common targets of process control.  The target system of optimization is now very large including several plants or sometimes it is the whole factory and even the company operation itself including managements.  The problem of solving optimization involving hundreds of thousands of unknowns is now common and is solved on-line in chemical plants.  Distributed computer network as well as the main frame computation easily carry out such computations.  

System integration obviously needs efficient means of communication among controllers, measurement devices and actuators which are located distantly.  The fieldbus has been introduced for dealing with communication problems.  Similar concepts have been proposed for integrating diverse process data communications that enhance the level of process automation.  They are now being integrated to local area network (LAN) of the company.

  Mechanical automation is at the heart of automation which deeply impressed people in early 1950’s.  Similar to process automation, the main purpose of mechanical automation was to replace manual handling of machines by mechanical handling, i.e., replacing human tasks by machine functions.  In 1950’s, the major role was played by transfer machines, the main job of which was to transfer the materials from one process to another in desired ways and to adjust machines and tools synchronously.  The introduction of transfer machines greatly reduced the number of skilled workers in many sectors of manufacturing.

  The impact of computers in machine tools came through the introduction of numeric control.  Then, computer aided manufacturing (CAM) and computer aided design (CAD) were introduced which combined design and process in automatic way.  The format of CAD originally followed the old style of drawings and prints on the plane, i.e., the format was two dimensional.  Later, three-dimensional CAD was introduced that greatly facilitated the efficiency of manufacturing.  It combined designs with not only processing but also various methods of engineering analysis, performance evaluation, production planning and even sales, because three-dimensional representations can be directly used for various engineering computations, model based simulations and presentation to customers.  It induced the standardization of data expressions of machines and products in the whole company and accelerated the so-called simultaneous engineering.  Thus, three-dimensional CAD greatly facilitated the efficiency of manufacturing in terms of lead time reduction, simultaneous designs, standardization of documentation, elimination of trial manufacturing etc.  Automation was thus extended from production to design and sales.  This is the most significant feature of current mechanical automation.

  Industrial robot is another symbol of automation.  It became a key technology in early 1980’s when the automobile industry began to regard it as a major part of work force.  In 1974, the number of robots working in industry was approximately 4200, and in 1984, the number was increased to 49,000.  

  The use of robots greatly facilitated the flexibility of automation due to its ability to carry out various kinds of tasks by simply changing its instructions through programs.  The robot’s universality in job execution can be compared to the computer’s universality in computation, but the former might be in some sense just a reflection of the latter.  What sort of universality the robot can hold beyond the universality of computers (or Turing machines) may be an interesting question to answer.

  Now we turn on the third category of automation, office automation.  The start of office automation dates back to the use of Hollerith’s punch-card tabulators in the 1890 census of USA.  The census done in 1880 was not able to figure out the complete report until 1889. The Census Bureau decided to employ almost one hundred Hollerith’s tabulators to avoid the prospective disaster for the next census scheduled in 1890 which was supposed to be more complex due to increased question items and population.  The Hollerith’s machine managed to complete the analysis within seven years.  This was really the first event marking clearly the rise of information processing technology.  
   The Hollerith’s machines were also used in the censuses of Austria, Canada, Norway and even in Russia.  Hollerith’s machine spread to other sectors of US Government and helped promote its centralization and bureaucracy.  Many private companies also purchased Hollerith’s machine for a wide range of purposes: shipping record, accounting, inventory, cost calculation, warehouse management, overhead allocations.  Hollerith’s company became IBM, the giant of information industry, in 1924.  In early 1920’s, nearly twenty percent of all the civilian labor force belonged to information engineering in USA.  In 1928, the top five manufactures of data-processing equipment including cash registers and type writers --- Remington Rand, NCR, Burroughs, IBM and UEF --- had profits more than $32 million on revenues of almost $180 million.  It is fair to say that at least in USA, the modern information processing industry had already taken off and well operated already in early 1930’s to promote the office automation[3].

  Automation in this area was extended from data processing to management including production planning and scheduling.  This extension was promoted by the progress of operations research during World War II mainly in the United Kingdom.  Various optimization techniques and tools were rapidly established in 1950’s and 1960’s that enabled to run big production systems in effective ways, which in turn required more sophisticated ways of management.  This is actually a root of various integrated application software now prevailing the business world.  This will be discussed later.

  A brief description of the development of automation clarifies that automation is a typical inward technology to exploit the possibility of available technologies.  The solutions it gives ranges widely from inventing machines, equipments and tools to creating systems and organizations, rearrangements of work forces etc. as is shown in Table 7. The underlying principles of automation are not in natural science.  They are rather based on the intrinsic logic of artifacts.  This is actually a common feature of inward technology.

The rapid progress of automation was supported by various disciplines like control engineering, communication, systems theory, optimization techniques, statistical data analysis, modeling and simulations, design technology etc as is shown in Fig. 2. These disciplines are different from traditional disciplines of engineering like electrical, mechanical, civil, metallurgical etc.  They have intersections with these old disciplines.  For instance, control engineering is used in all these disciplines.  In this sense, these disciplines are transversal, i.e., transdisciplinary, the word coined by Michael Gibbons in his famous book [4].
Table 7  Progress of Automation in three categories
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Shipping Record,

Accounting

Operations Research

Optimization Techniques

	
	Systems Integration

Optimization
	NC 

Robots

CAD Systems
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Fig. 2  Structure of Automation

8. IT as an Ultimate Tool for Control

  We have briefly traced the progress of two technologies, communication and automation, specially their interplays with computers.  Communication is in some sense to overcome the distance restriction.  What about automation?  Automation is based on an explicit description of the procedure of job execution.  Once a procedure is written up clearly for executing jobs, then each step of the procedure can be done by machines or apparatus without human intervention.

If the job is a computation, then the procedure which we call an algorithm can be done by computer.  Therefore, computation is a sort of automation.  Computers can execute computations as fast as possible under the constraints of architecture.  The same thing applies to automation where the constraints are much severer.  In any case, automation is the way to execute a job in the fastest way under constraints.  In this sense, it is in some sense to overcome the time restriction.  In this sense, these two technologies are complementary to each other, and this is the reason why they emerged to alleviate the crisis of control.  

Now, the three key concepts are coming up as the main ingredients of IT; virtual engineering, system integration and e-business.  Various IT activities are performed around them.  These three concepts correspond to there categories of automation, respectively.

(a) Virtual Engineering

Far reaching possibility of modeling and simulation due to ever growing speed and capacity of computation power drives the crucial components of engineering to the virtual world.  Penetration of the three-dimensional CAD into manufacturing now ignites a new stage of machine automation, as was described in Section 7.  Not only the design of products but also the design of production lines is now a target of simulation.  Behaviors of large complex systems like VLSI, internet, power network etc. are also simulated using commercial software package.  

A famous success story of virtualization was about Boeing 777 which was designed completely in the virtual world.  Normally, the jet liners are designed using mock-ups.  A dozen of mock-ups are used through cut-and-try design procedure.  In case of Boeing 777 whose first flight was in 1995, no mock-up was used [6].  It was a remarkable achievement of virtual engineering.

Virtualization has been promoted by modeling and simpulations.  Model is the unique interface between engineering theories and the real world.  Once you get a model of a real system, you can predicts its behaviors under any conditions.  Model is an abstraction of the real world.  From a higher level of abstraction, we can manipulate the real world concretely.  This looks paradoxical, but it is an essential feature of information processing.  Now, virtualization goes further making this abstraction concrete again.  Various visualization techniques including 3DCAD and computer graphics take that way.

Virtualization will keep growing because it significantly cut the cost of R&D.  It also reduces the lead time of the new products substantially.  But one important thing to be born in mind is the consistency of model with the real world.  If the model is inconsistent with the real world, or if the model does not represent the real world properly, the virtualization is not only useless but also harmful.  In this respect, control engineering has compiled theories and experiences as a form of robust control.  Robustness is indeed a focal point of virtual engineering to which control theory can contribute a lot.

(b) System Integration

The initial impetus to system integration was given by process automation.  In the chemical industry, various systems and apparatus must be combined due to continuous process of material handlings.  In this case, optimization of the total system is more desirable than that of each element system.  Thus, process automation has naturally been driven towards system integration.

The same tendency also holds in other sectors of industry.  For instance, the introduction of robots to a production line requires a wide range of system integration to make the robots work in harmony with the environment.

System integration has invaded the domain of management.  Integration of various application software to form a unified management system is now a big trend.  The enterprises resource planning (ERP) is a typical software package that aims to control and trace cash flows, commodity flows, human flows simultaneously and continuously in visible, unified and standarized ways.

Let us take an example of system integration specific in Japan.  In Japan there are several home delivery companies, the biggest of which is Yamato Transport dealing almost one billion parcels a year.  Yamato guarantees that any delivery inside Japan is completed within two days, that is, the delivery is always completed in the next day of pick-up.  The company has 310,000 pick-up shops, 2,224 delivery centers, 32,539 vehcles, 2,700 work stations, 38,400 portable terminals for drivers.  The price of delivery depends on the weight and the destination of the parcel, but normally, less than $10 for 2kg parcel.  The delivery centers always keep track of each parcel and call center always responds quickly on request.  Now, due to increasing internet shopping, it deals with increasing number of parcels.  This is a typical and successful example of system integration using IT.

(c) e-business

E-business is the biggest focal point of IT.  Of course, it totally depends on the possibility of the internet.  E-business is divided into two categories: B (Business) to B and B to C (Consumers).  The B to B business is closely related to system integration discussed above and is not to be discussed here.  
It is said that the internet may create totally new consumer’s value chains.  It is doubtful.  It is true that the internet has given consumers comfort, convenience and cheap price (3C).  A new value chain, if exists, is just a new way of achieving 3C for consumers.  This is nothing but an old style of sales promotion.

A famous success story is about Dell Computer which initiated the customized production of PC.  It’s quick delivery and cheap price are something remarkable.  At the same time, the background was also disclosed: the available speed of CPU outpaced the needs of ordinary PC users, in other words, the newest CPU (Pentium 4, e.g.) is a bit overspecified for the common PC users, and it is natural to let the user choose most appropriate CPU for him/her in balance with the other parts of PC, as well as the price [2].  Thus, Dell Computer also followed the major demand of consumers, 3C.

It is totally true that the internet has brought some freedoms in the access to and the democracy in the delivery of information.  It became hard to monopolize information to some extent, though it is hardly believable that the information shown in websites is always useful and meaningful.  The widely spread information accelerates the speed of change in many social sectors.  It makes everybody busy who is ambitious in business.  Big companies may be more vulnerable because their bureaucracy might block the fast response to the perception of changes.  It can be said that market mechanism penetrates more directly and more deeply to human life and society.

According to Beniger, the information society is an outcome of the continual control revolution.  In that sense, IT as a god-sent child of the information society is indeed an ultimate tool for control.  IT is an amalgamation of the three technologies: Communication, Automation and Computation, each of which has inherited three focal seeds, virtualization, systems integration and e-business, respectively.  

The whole structure of IT is illustrated in Fig. 3.  Each of these three focuses of IT involves three key technologies as its main features.  Targets of the communication and computation parts are in some sense clearer.  Fastness and cheapness are their obvious targets.  However, the target of automation part is not so clear, because it is more in touch with human being and society than the other two key technologies.  Automation really determines the manner and direction to use IT.  Thus, automation is responsible for human use of IT.  Since control is the major technology of automation, IT is an ultimate tool for control.


Fig.3  Structure of Information Technology

How to characterize the human use of IT.  It is a very difficult question to answer.  As for e-business, the so-called first/last one mile problem of the internet has been a bottleneck of its deeper grass roots penetration.  It is said, however, a fundamental solution will be provided shortly by optical technologies, which may lead to an explosive expansion of internet traffic.  Increasing damage by illegal invaders is another serious concern.  

There is yet a fundamental limitation of e-commerce as far as B to C channel is concerned.  The expansion of e-shopping certainly results in the expansion of home delivery, then, heavy road traffic.  From this point of view, the e-shopping may add the environmental load and will saturate soon.

  On the other hand, virtualization and system integration do not seem to have such dark features.  They certainly contribute to promote manufactures to higher level promoting of human ability towards higher intellectual level.  It is worth noting that virtualization and integration require the higher degree of abstraction, and abstraction is indeed an ability specific to human being.

9. Conclusion

How to characterize the contemporary society in which IT plays some vital roles?  A natural answer is that, instead of bringing a new society beyond the industrial society, IT has advanced the industrial society to its extreme, at least in developed countries.

  Perhaps, digital capitalism is the best word to characterize our society [9].  This word signifies the society where the cyberspace spearheads the whole political economy.  The overwhelmingly market-driven policies dominate the industrial world deepening straightforward consumerism, enhancing productivity and effectiveness.  Those aspects are indeed amplifications of the industrial society.

  IT tries to conquer the space(distance)/time limitation of business and manufacturing economically which was the original target of communication and automation.  It seems that the more profound influence of IT is on manufacturing (including service) rather than in business or commerce.

  There is still a wide room for further advances in IT manufacturing and this gives the motivations of human activities at least in the next ten years.  It is worth nothing that the so-called digital divide is rapidly increasing in developed countries.  The digital divide in each country is the issue which should be solved inside the country.  Important thing is that the divide is increasing among countries.  Table 8 illustrate how the benefits of IT is restricted to developed countries, though it is based on a bit old data.  This is something to be noted which might be a cause of serious global confrontations in near future.

Table 8. The ratio of subscribers in the developed countries in 1997 [9]

	Mobile Telephones
	84%

	Facsimile Machines
	91%

	Internet Host Computers
	97%
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