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CONFERENCE
OPENING

David Butler,
Butler Cox & Partners Limited

Ladies and gentlemen, may | welcome you to this management conference of the Butler Cox
Foundation, of which the theme is ☁New applications, new technologies☂. During the days
which follow we hopethat we will have the opportunity to catch a glimpse of some of the
important changes whichlie in the years ahead; some of the changes in computers, in office
automation and in telecommunications ♥ the three main themes of the work of the
Foundation.
We have chosen, obviously on a very selective basis, the technologies which wewill cover and
the applications which wewill draw out of them. With so much going on in the world of
systems, we could havefilled the agenda 10 or 20 times over; but we hopethat the ones which
wehavein fact selected to include in the programmewill give you an interesting and balanced
picture of what is happening and, mostofall, stimulate you to think about, and to discuss
amongyourselves and with us, the implications of some of these changesfor the future.
First, we will set the scene against whichthelater speakerswill develop their themes, describing
their particular technologies and the lessons which they wish to draw from them. Wewill ask
David Seabrook to paint that backgroundpicturefor you in a session entitled ☁☁Future Trends in
Systems Technology☝.
David is currently the Research Managerfor the Butler Cox Foundation, which meansthatall
the different pieces of research which we doflow across his desk in one wayor another. Heis
responsible for controlling that research work andfor the publication of the Foundation Report
series. Before he joined us, David was in a senior management position with the computing
subsidiary of the International Publishing Corporation.
So muchfor David's past background. Before | ask him to launch our conferenceonits way, let
me also make a public announcement abouthis future activities. At the end of this conference,
when Martin Ray completes his period of assignment as the Director of the Butler Cox
Foundation, David will take over in that capacity from 1st February. Soin listening to him, and
in your response to his paper, | am sure that he is anxious in the job that he is about to
undertake to be as sensitive as possibleto all your desires and wishes aboutthe future direction
of the Foundation programme.



SESSION A

FUTURE TRENDS
IN SYSTEMS TECHNOLOGY

David Seabrook,
Butler Cox & Partners Limited

David Seabrookis research manager for the Butler Cox Foundation, and as suchis responsiblefor the research work andpublication of the report series. His previous assignments with ButlerCox have included a study of the potential impact of videotex in Europe, and consultancyassignments for a United States corporation wishing to establish an online system in Europe,and for the European headquarters of a multi-national operation seeking advice on a pan-European computing and networking strategy. Before Joining Butler Cox & Partners he was adirector of the computing subsidiary of the International Publishing Corporation, where heworked for twelve years on the development and implementation of systems usingcomputerised techniques for publishing airline timetables and large registers and directories. Heholds a BSc degree in Applied Mathematics from the City University, London.
The themeofthis conferenceis ☜New applications, new technologies☂☂. Mytask this morningisto set the scene for the conference by reviewing some ofthe trends in information systemstechnology. Someof the developmentsthat| shall be speaking aboutwill already be familiar to

Before | turn to the technology of information systems, | should like to begin by looking at thewaythat any technology develops. Any technology develops within a context; and, more oftenthan not, the technology is developed to meet a need. That need may be commercial,economic,political, or perhaps military. | should like to illustrate this by an historic example.

Whatis the context and whatare the needs against which information systems technologyisdeveloping today? | think that here there are two main influences. First, there is the shift toknowledge-based work; and secondly, there is the realisation that natural resources, and energyin particular, are finite resources.   



Asany technology develops,as it matures it passes through a numberof stages. At the begin-
ning of the developmentof a technology, the emphasis is mainly on how to makeit work. But
as the technology matures the emphasis shifts more to an emphasis on what we should be
doing with the technology and why weshould be doingit.

| haveillustrated this shift on myfirst slide. Those of you who were present at the Foundation
managementlunch just before Christmas will recognise this slide as one that Gordon Scarrot
used at that time. It illustrates the
point very well indeed. The region
on the left showsthatinitially most
of the emphasis is on how to make
the technology work, but as the
technology matures the emphasis
shifts more to what weshould be
doing with it and why we should be
doing it. Along the bottom of the
slide | have put the timescale of the 1700 1900 2000
development of steam engines as Steam engines
an example. The first practical
steam engine was demonstrated
round about the year 1700; but it
was not until 150 years later that
the formal theory of thermodyna-
mics was developed. It was not
until that theory was developed that steam engines could be used with any great certainty, and
it led to a great proliferation in the use of steam engines, because once the theory of thermo-
dynamics existed, engineers knew that they could build with confidence engines to meet the
needsof the users.

Development of a technology
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A lot of what we doin the Foundation concentrates on the what and whyissuesof information
systems technology;andin this conference weshall also take a look at some of the how aspects
of the technology as well.
The key to the developmentof information systems technologyis microelectronics. | want now
to review the major trends in the developments of this underlying technology of microelec-
tronics.

Those who workin the field of microelectronics talk about the doubling rule. The doubling rule
states that the complexity of chips doubles every year; that the speed of the circuit doubles
every twoyears; and that the size of the chip doubles every four years. On the other hand, the
design costs double every year. The net result of all of this doubling is that the cost per chip
ong constant at about 30 cents perchip, whichleadsto a price per made up chipset of $300 to
400.

Theeffect of all of this doubling is that today weare able to see processors whichare faster than
ever before; memories which are able to store more information than ever before; but that both
the processors and the memories become physically smaller, and that both processors and
memories, in terms of their price/performance, become cheaper. In other words, the effect of
microelectronics is to provide more ☁bang per buck☂.

The history of microelectronics has passed through a numberof stages ♥ through Medium
Scale Integration and Large Scale Integration. Today, we are at the stage of Very Large Scale
Integration; and the rapid advancesin Very Large Scale Integration are challenging our ability to
evaluate the technology,let alone apply it. But Very Large Scale Integration is not the end of
the story; the next buzz word is Grand Scale Integration (GSI). Grand Scale Integration will



bring with it the equivalent of a 370/158 on a chip by the second half of the ☁80s and onemegabyte of random access memory on chip in the same timescale.| am sure that tomorrowafternoon Norman Easonwill tell us more about the development of microelectronics and thewayin which he sees that technology being applied.

What| havesaid so far may seem to indicate that everything in the gardenis rosy, that we willcontinue to get processors which are faster, memories which can store larger amounts of infor-mation, and better price/performance. But there is a problem. That problem is the gap whichnow exists between the hardwarethatis available and the softwaretools that we haveavailablefor applying that hardware. | am sure that you areall very familiar with this problem.
| haveillustrated it on this slide, which shows how overthe last 15 years or so therelative costsof information systems have shifted from being dominated by hardware costs to beingdominated today by

_

softwarecosts. The slide shows that we arenow approaching the situationwhere about 90% of the costs ofinformation systems are related tosoftware costs. What the slideshowsis that the price of hardwareis, in effect, tending to zero.

Relative hardware and software costs
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The problems that this dominanceof software costs brings withit isan area which wehave examinedinthe Foundation in the past, in 6 :Foundation Report No. 11 which je ay iedealt with systems productivity. It awasalso largely the theme of theconference in Venicelast May.It isa theme to which weshall return later this year, in Foundation Report No. 25 which will look atalternative methods of developing systems.

 

 

| now want to move onto look at the way in which the basic underlying technology of micro-electronics will be applied. It is necessary to dothis at twolevels: first, to look at the differenttypes of equipmentin which microelectronic technologywill be used; and then to look at thewayin which that equipmentwill be put together to form the hardware environmentin whichapplications systemswill Operate.
The equipmentthat | wantto look at is equipment for handling all types of information: voice,data, text, and image. | want to consider four different types of equipment: equipment forprocessing information; equipment for storing information; equipment for transforminginformation; and equipmentfor distributing information.
With equipment for processing information, | think that the effect of microelectronics willmanifest itself in two extremes. At one end of the scale wewill see a proliferation of small,cheap, portable computing devices ♥ microprocessor devices. These devices will be used inhomes, offices and schools. They will be afforded by people with anything but the smallestee for office equipment, and increasingly will be boughtby people out of their domesticudgets.   



If | may recall for a moment myfirst slide, which showed the change in emphasis from how to
make the technology work, to an emphasis on what and why ♥ as users become more
accustomed to using computer-based equipmenttheywill be in a position to concentrate on the
what and whyissues themselves. This means that, probably for the first time, the corporate
information processing function can look forward to dealing with a knowledgeable and
informed user base. That could well require a fundamental changein the attitude of the
corporate information processing function.
At the other end of the scale, the impact of microelectronics will manifest itself in the develop-
mentof very fast and very powerful processors. There are undoubtedly somespecialised appli-
cations which require very fast and very powerful processors, and voice processing is probably
one suchapplication. But the need to develop faster and more powerful processors so far has
been due more to a need to overcometherestraints of the traditional von Neumannarchitecture
of computer hardware.
The constraints of the von Neumannarchitecture were discussed in somedetail at a previous
Foundation conference, but to summarise the constraints, it is to do with moving the data from
the memory part of the processorto the part where the processing actually takes place; all the
data hasto passindividually througha single bottleneck in the middle of the machine. The need
to develop faster von Neumann type machinesis in turn due to a need to protect the software
investment that large organisations now have in software designed to run on that type of
machine.
There have been a numberof alternative architectures proposed for overcoming the von
Neumannbottleneck. But before | mention a couple of those, | should like to consider how
muchfaster the existing, traditional architectures can be madeto process. It turns out that the
limiting factor is in fact the speed oflight. | am sure that you areall well aware that nothing can
travel faster than the speed oflight, including electricity in electrical circuits. This meansthatif
we wantto build a processor with a one nanosecondcycle time no signal can travel more than
six inches, becausethatis the distancethatlight will travel in one nanosecond. It is theoretically
possible to build a very fast, very powerful computerin a six-inch cubeofsilicon. However,
there is one great difficulty with doing that: it would generate so much heat that thesilicon
would melt. There is no known coolant that would work because any coolant known would
boil. So whatis required is a technology whichprovides very fast switching and also has very
low power consumption.
Such a technology is under development by IBM, and byat least one major Japanese manu-
facturer ♥ the technology of Josephson junctions. IBM have built fragments of computer
circuitry, using this technology. Their predictions are that it is possible to build a processor
which has a 3 nanosecond cycle time. That translates into a processor capable of operating at
100 million instructions per second, in other words about 10 times faster than IBM's current
largest machine offering, the 3081. But there are quite severe problems with Josephson
junction technology. It requires cryogenic temperatures, that is temperatures just above
absolute zero. Operating at those sort of temperaturesis likely to produce quite severe manu-
facturing constraints and operational constraints.
The technology of Josephson junctionsis still very much-under development; but one day
perhapsit could lead to processors whichare very small, very cold, very fast, but initially very
expensive.
A few moments ago | mentioned that a numberof alternative architectures have been proposed
for overcoming the von Neumannbottleneck. The nextslide illustrates one such architecture
which uses parallel processing techniques. It is a diagrammatic representation of ICL☂s
Distributed Array Processor, which consists of a 64 x 64 element matrix where each elementin
the matrix itself consists of a 1 bit processor and a 4k memory store. Each processor can
communicate with its immediate neighbours in a north-south-east-west configuration and can
also access the memory moduleofits immediate neighbours.



ICL originally designed the Distributed Array Processor with physicalfield problemsin mind
which require very large arrays of numbers to be processed. But they havesince realised that
there are many othertypesof prob-
lems which require several proces-
sors all to obey the same common
instruction stream simultaneously.
One example would beretrieving
information by complex contentcri-
teria, where simultaneous searches | HE Store element (4096bits)could beinitiated.

Distributed array processor

64 x 64 element matrix
 @ Processing element

♥♥ Row andcolumn highway
♥-- Neighbour connectionsWhat| have just described sounds yvery much like another innovativedevice that ICL has ♥ the contentsaddressable file store device. This iNillustrates a problem which will Nbecome increasingly apparent inthe future: it will be ever more diffi-

cult to distinguish between equip-mentfor processing information and equipmentfor storing information. The concept of activestorage will becomeincreasingly important in the future.

 

    
 

Twoother alternative architectures are data driven architectures and pipelining techniques.With a data driven architecture the instructions are taken to the data to operate onit. With apipelining architecture a task is broken up into a numberof sub-tasks and dedicated, specialisedprocessors Carry Out eachindividual sub-task.
Having reviewed the impact that microelectronic technology will have on equipmentfor pro-cessing information, | now want to move on to look at the impact that microelectronic tech-nology will have on equipmentfor storing information. A lot of what | have said about micro-electronics in general and about equipment for processing information applies also forequipmentfor storing information. Solid state storage deviceswill continue to store ever largeramountsof information whilst becoming physically smaller and, in terms ofthe price perbit ofinformation stored, cheaper.
This slide showsthe generaltrends in the reductionin the cost of memory overthe last 15 yearsor so. Each individual curve on the slide showsthe way in which the cost per bit stéred hasreduced over a period of time andhas then been superseded by a sub-sequent technology which further Mernory cof tresreducesthecost. It is interesting tonote that although the changesbetween core memory and solidstate memories are quite funda-mental in terms of the technologyused, the older technology con- Costbit

gorememory 4 kbit-MOS
 

4 kbit-MOS

 

♥: 3 3 re) 16 kbit-tinues to exist for some time after Cae Reesthe newer technology has been & 64 kbit-Mosintroduced. Thestraight line on the    slide represents the general trend. =1966 1970It is perhaps unfortunate that the 1975 1980 1985way in which this slide has beendrawn might makeit appear thatthe cost of memory will drop tozero in about 1983. | do notthink that is quite true. The cost trends shown on theslide willcontinueinto the future, without doubt, but the cost of memory will never quite reach zero.

 

 



In a couple of years timeit will be possible to addto that slide the cost curve for 256k random
access memories, and by the secondhalf of the ☁80s also the cost curve for 1 megabyte random
access memories.

Solid state memory devices consist of random access memories, read only memories and,
somewhat in between, programmable read only memories and erasable programmable read
only memories. Solid state random access memories typically have an access time ranging
between one-tenth of a microsecond and one microsecond. It is, however, possible to build
solid state memories whichcost less than random access memories, and thesealternative types
of solid state memories require the use of serial techniques. Two examples of solid state
memories using serial techniques are charge coupled devices and bubble memories.

By serial techniques | mean that the informationstored is circulated within the chip around a
numberof storage locations, and the data becomesavailable to be read only oncein each cycle.
Soif the data is shifted through 64 locations, the access time of the charge coupled device will
be about 64 times slower than an equivalent random access memory.
Charge coupled devices require about twoto three timesless areaofsilicon to store a bit of
information. The controlcircuitry is also cheaper and less complex. This means that high den-
sity storage in solid state form will appear as charge coupled devices before it appears as a
random access memory. So 256k memories and 1 megabyte memories arelikely to appear as
charge coupled devices before they appear as random access memories.

Bubble memories operate on exactly the sameprinciple as charge coupled devices, except that
instead of electrical charges being moved aroundit is magnetic bubbles being moved around,
or, to put it more formally, microscopic domains of magnetic polarisation shifted about in a thin
magnetic film by applying the appropriate magnetic fields. One advantage of bubble memories
is that they are non-volatile ♥ ratherlike a game of magnetic ☁☁pass the parcel☂☂: you switch the
poweroff and the bubbles stay where they are until you put the power back on again.

Bubble memories will be used in situations where they can be used as a replacementfor tape
and disc memories, typically requiring between 1 million bits of information and 10 million bits of
information. Mention of tapes and discs serves as a reminder that not all equipmentfor storing
information are solid state devices. Tapes and discs of course are examples of moving surface
memories, and drumsare a third example. So systems designers today have available to them a
hierarchy of memorydevices.

 

 

  
 

 

This slide shows the relationship Memocy.socete: tine end price,
betweendifferent types of memory 102
devices. The vertical scale shows a . |
the price per bit of information 5 / Secale.
stored on the different types of = MOS RAM [
devices shown on the slide; the 2 @-"
horizontal scale shows the access a drum
time of getting to the information 2 disc
on those devices. On thetop, left- Eto tape
hand side we have the more expen- 5
sive solid state memorieswith faster ee     
access times; on the bottom,right- 10° 10-6 10-8 1 10°
handside the moving surface mem- ed
ories, which are cheaper to store
information on but slower to get at
the information. Moving surface memories are non-volatile, like bubble memories.

 

Let us look in more detail at one of those moving surface memory technologies ♥ discs. A few
years ago, a numberof people were prepared to say that, perhaps by now,discs would be



obsolete. It is now well acceptedthat discs will be around for some time. There are manysitu-ations where storing information on discswill not be replaced by solid state storage devices forthe foreseeable future. Disc technology has madevery steady progress over thelast 20 years.That progress will continue for the foreseeable future. Today we havediscs capable of storing1,260 million bytes of information, in other words more than a gigabyte of information. The discmanufacturers are confident that, within twoto three years, the density will have been doubledagain, to 2,500 million bytes of information per spindle of discs. By the end of the decade theybelieve that it can be doubled yet again, to 5 gigabytes.
To achieve these higher densities on discs will require the use of microelectronic fabricationtechniques, both to create thin film platters on which to record the material, and to createsmaller read-write heads so that more information can be stored on a smaller area ofthe disc.The disc manufacturers are also experimenting with techniques of recording informationvertically into the magnetic film, rather than horizontally as at present.
Microelectronic technology will also be used in disc controllers to provide moreintelligence.Thatintelligence will be used,for example, to enable the disc to anticipate the next accessthatit will be asked to make and also to provide greater error correction and detection than hashitherto been possible. What | am beginningto talk about again is the conceptof active storagedevices.
There is one type of moving surface memory which is not shownontheslide, and that is theprocess of using optical data storage techniques, that is videodiscs. Videodiscs have thepotential to increase by an order of magnitude again the amountof information that can bestored online to a computer system.
On this slide | have shown the principles of recording information on a videodisc. The slideshowsa cross section through the disc. The disc itself consists of a thin sheet of clear acrylicand information is recorded on the disc by burning small pits into the top of the disc. Once thepits have been burnt into the top of the acrylic layer, they are covered with a thin coating of areflective aluminium material andthe whole lot is then sealed in aprotective coating. To read theinformation back from the disc alow-poweredlaser is focused from pees Alaratirniteteticunderneath on to the pits ♥ or Focal planerather whatis left after the burning

Optical data storage

0.16
 

processtookplaceoriginally. If the uilaser focuses onthe pit, looking at eeit from underneath, it is easy to see Eeneparent atacrylic carrier mm  that it can represent either thepresenceor the absence of a binarydigit.
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Laser beam Typical dustparticlesA 12-inch videodisc has the poten- aistial for storing a gigabyte of infor-mation, so putting two discs to-gether and arranging five of them on to a spindle, you have the potential for a 10 gigabytestorage system. However,there is a drawback to optical data storage techniques: because thephysical characteristics of the disc are altered when the data is recorded,it is not possible

  

So optical data storageis likely to be ideal for archival storage, perhapsfor use in electronicfiling systems.

 

 



| have talked about equipment for processing information and equipment for storing infor-
mation. | now want to move onto look at equipmentfor transforming information; that is equip-
mentfor getting information into and out of computer systems. Input devices consist of key-
boards, key-to-disc systems, visual display units, optical character recognition systems, mark
sensing systems, laser scanners, and voice input; the telephone also can be usedas an input
device to computer systems. Output devices consist of printers in their many forms,line prin-
ters, characterprinters, dot-matrix printers, ink-jet printers, laser printers, daisywheelprinters.
Visual display units are also used as output devices as well as input devices. | also think that
increasingly in the future typesetting equipmentwill be used as output devices. Voice output
devices: again the telephone can be considered as an output device from computer systems.

| do not intend to give a detailed breakdown of the developmentsin the technology of each of
those types of devices, but | should like to make one general point, whichis that input and
output devices, increasingly in the future, will have associated with them their own processing
power and their own storage. So once again the concept of active storage emerges. For
example, the days when a 100 megabyte terminal will be available are not far away.

The equipment for inputting and outputting information will normally form the interface
between people and equipment, and the ergonomics of such equipment becomesincreasingly
important.It is an area that we looked at in somedetail in Foundation Report No. 20.

To provide a truly usable interface between people and equipment it is necessary to use
concepts which weall use in our everydaylife to make the equipmentas familiar andfriendly as
possible. This afternoon Professor Negroponte will be talking to us about developmentsat MIT,
using the concepts of space and spatiality for storing and retrieving information. Professor
Negroponte argues that we must use the same concepts of space and spatiality that we use
every day, for arranging papers on our desk for example, for arranging information in infor-
mation based systems. Until we do use similar types of concepts wewill not provide a truly
usable user interface. .
| want to mention briefly two technologies used in equipmentfor transforming information. One
is an input technology and the other is an output technology. The input technology is that of
voice recognition. In the next session this morning, Fred Jelinek, from IBM, will be updating us
on the state of the art of voice recognition technology. As | understandit, voice recognition
technology todayis capable of recognising isolated words, but the aim is to recognise contin-
uous speech. In fact IBM's stated aim is to transcribe spoken English into typed text. However,
there seem to me to be formidable problems to be overcome. For example, one second of
spoken speech, if it is stored in an uncompresseddigital form, requires about 50,000 bits of
information which, on a quick calculation, means that you are receiving from methis morning
about 150 million bits of information. Whatthatillustrates is that voice recognition will require
very large amounts of storage and very powerful processing equipment to manipulate the
information which has been stored.
To be truly useful, voice recognition must be able to understand what the speaker actually
means. That could present some verydifficult problems. Let me give you an example. | wonder
how manytimesportersatrailway stations have been asked, ☁Do you knowthetimeof the next
train to London?☝ The logical answer to that question is ☜☜Yes☂☂, but | am sure that is not the
answerthat the questioner wants to hear.
The output technology that | want to mentionis the use of graphics and colouron visual display
units in a normal business environment. Graphics and colour have been used for a long time for
special applications, but once again the developmentsin microelectronics are reducing theprice
of those facilities to a level where they can be used more widely in commercial environments.
Prestel and other videotex systems have demonstrated very well the potential for using graphics
and colour. The nextslide is a photograph taken from a normaltelevision screen in Canada dis-



playing information retrieved from a videotex data base using the Canadian Telidon technology.This demonstratesthe potential for combining text and graphicalinformation using colour as well.
If videotex terminals are to become a =
widespread - and despite thels\ow eoees epalecyeeca!take up of Prestel in this country |thereis still a good chancethatwill
happen ♥ it meansthat there willbe an increasing demand for
graphics and colour facilities in a beeenormal data processing commercial :environment. The use of graphicsand colour in that environmentislimited only by our imagination.
It is interesting to think of the wayin which visual display units havebeen used so far. In many waysthey have been usedjust to trans-form existing computer printouts directly on to a screen in their existing form. | think it wasConfucious whosaid thata picture is worth a thousand words. There are manysituations wherefinancial information can be displayed as a histogram, a graph, or a pie chart; and statisticalinformation also. Graphical displays can be used also for showing deviations from expectednorms.

 
The fourth type of equipmentin which microelectronics will have an impact is equipmentfortransmitting information, that is equipment used in telecommunications. Information has beencommunicatedto date largely using analogue techniques, but developmentsin microelectronicswill mean that in the future digital techniques increasingly will be used for telecommunications.This is an area that we looked at in some detail in Foundation Report No. 21, published justbefore Christmas.
The use of digital transmission techniques will mean that it will becomecheaper andeasier tomoveinformation about. There will be manysituations whereit will be cheaperand easier tomoveinformation about rather than moving people about.| think that this explains the currentinterest in systems such aselectronic mail systems and teleconferencing systems. | am notsuggesting thatall businesstravel, or indeed most businesstravel, can be replaced by electronicforms of communication, but there are some areas whereit is certainly possible.
Developments in equipmentfor transmitting information depend very much on the plans thatthe PTTs have for digitising the telecommunications infrastructure. Most PTTs have plans

samecircuits. But that sort of facility will not be available at the locallevel, from local exchangesout to subscribers☂ equipment, until well into the 1990s. However, PTTs are making goodprogress with digitising the high-level telephone network. For example, by 1983 or 1984,in thiscountry most of the major business centres should be interconnected with digital transmissionfacilities. That means that by that timescaleit should bepossible to lease from British Telecomdigital lines at the highest level between the major centres. It would then be necessary onlyspecially to engineer connectionsfrom thelocal exchangesoutto the subscribers☂ equipment toprovide end-to-end digital working.
The constraint so far on providing high bandwidth transmission facilities has been on thephysical bulk of the coaxial cable necessary to accommodatethe higher bandwidth; but thereare some technologies under development whichwill help to overcomethat constraint. One of
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those technologiesis the use of opticalfibres. A very thin pair of optical fibres should be capable
of carrying several thousand simultaneoustelephonecalls. This meansthat in the same physical
cabling conduit it would be possible to provide very much higher transmission capability using
optical fibres than it has been with coaxial cables.
To use optical fibres for transmission of information also requires the development of optical
data receivers. To date the development of optical data receivers has lagged behind the
developmentof optical fibres. But IBM announced last November that they have developed a
relatively inexpensive optical data receiver, which can be built on a single chip and whichis
capable of receiving data at a rate of 200 million bits per second. That type of development
brings nearerthe feasibility of the integrated office where voice communication, stored program
controlled switchboards, store and forward message and data switcheswill all use compatible
communication circuits and processors. | am sure that tomorrow morning mycolleague, Roger
Camrass, will be telling us more about this sort of development when he speaks to us about
developments in private automatic branch exchanges, which are evolving from being basically
voice switches to devices with non-voice functions as well.
A second technology whichis helping to overcome bandwidthrestrictions and constraintsis the
technology of satellites. After lunch today, Larry Blonstein will be telling us more about
developments in satellite technology. But | think that the use which large organisations in
Europewill be able to makeof satellites depends very much on the European regulatory environ-
ment. For example, it is most unlikely that the PTTs in Europe will permit the equivalent of
Satellite Business Systemsto be established in Europe. SBS is the American corporationjointly
owned by IBM, by Communication Satellite Corporation, and by Aetna Life and Casualty
Insurance Company.
SBSlauncheditsfirst satellite on 15 Novemberlast year, and thatsatellite is due to comeinto
commercial operation soon. SBS sees the marketfor its services as beingall forms of business
communication, ranging from facsimile to electronic mail to teleconferencing.
The third technology under developmentfor transmitting information is the use of the infra-red
spectrum for transmitting information on local basis. Using infra-red techniques provides the
possibility of making local-area networks much moreflexible, because the equipmentwill not
have to be physically interconnected. We knowthat local-area networks are currently a hot
topic and that a number of Foundation members are experimenting with equipment such as
Ethernet, the Cambridge Ring, and Xi-Net.
But networking is not just about local-area networks,it is also about wide-area networks. Wide-
area networks have their own set of constraints and problems. Many of those constraints are
tied up with the PTTs☂ plans to digitise the basic telecommunications infrastructure, and also
with the PTTs☂ plans for developing public data networks. It may seem that the changesin the
telecommunicationsinfrastructure are painfully slow. System X in this country is talked about
reverently as being available in the late ☁80s, or the middle ☁90s, or perhaps into the 21st century.
It is interesting to think that in this respect some of the underdeveloped countries may leapfrog
over some of the more developed countries. Some of the Arab states may well go straight to
using digital techniques for telecommunications before developed countries, because ey, have
nothing to replace at the moment.
Nevertheless, by the end of this decadedigital telephonywill be the norm or,if it is not,it will be
soonafter then. The availability of cheap, ubiquitous digital transmission facilities will have a
revolutionary impact on the demandfor transmitting information in all its forms of voice, data,
text, and image.
| have now summarised the impact of microelectronics on the four types of equipment which
will be used in information processing systems: equipmentfor processing information; equip-
ment for storing information; equipment for transforming information; and equipment for
distributing information. | want now to look briefly at the way in which that equipmentwill be
put together to form the hardware environmentin which application systems will operate.
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The basic point that | want to make is that information systems technology will become all-pervasive.It will invadeall parts of our business life and our private lives. Let me illustrate thiswith a few examples.In factories, information systems technology will be used increasingly forproduction control, and also for controlling robotic systems. The Mini Metro production line atLongbridge is an example of the way in which things are moving.In offices also, informationsystemstechnologywill be used increasingly. Office automation is currently the focus of muchattention, but so far nobody seems to have made much progress with moving forwardin a bigwayinto office systems. | think that | may have an answeras to whythis is so.
Let me refer back to myfirst slide which showed how the emphasis in technology shifted froman emphasis on how to makeit work to an emphasis on what we should be doing and why weshould be doingit. | suspect that with the application of information systems technologyin theoffice wearestill concentrating very much onthe ☜how to makeit work☝ area, and that wewillnot make dramatic progress until we concentrate much more on the whatand whyissues ofinformation systems technologyin offices.
But developments are taking place, novel developments of applying information systemstechnology in the office. Tomorrow morning, Gregory Peel will be speaking to us about thedevelopmentof electrohic filing systems and the impact that that type of system will have onstoring information, transforming information and distributing information.
Information systems technologywill also be used in a retail environment.| am thinking here par-ticularly of point-of-sale systems. This is an interesting area becauseit brings usright up againstthe interface of information systems technology and the general public. One of the supposedbenefits of point-of-sale systems is that it should no longer be necessary for the retailerindividually to price each packet on the shelves; by reading a bar code on the packetthe pricecan beretrieved from a central data base at the checkout desk. But consumer pressure in theUnited States is forcingretailers to continue individually to price each packet on the shelves.
Finally, information systems technology will also be used in the home. The emergence ofpersonal computers and videotex systemsis an example of this. France has very ambitious plansfor introducing society in general to information systems technology. The French plansfor theinformation-based society are extremely ambitious. The French, of course, have invented awordforit: Télématique.It is instructive that| have heard a numberof Foundation members usethe anglicised form of that word recently ♥ telematics. Tomorrow afternoon, Roy Bright will bereviewing for us the French Télématique developments.He will concentrate on twoaspects: ontheir Télétel experiment, whichis very similar to the Prestel system in this country; but perhapsof more immediate interest, the French plans for automating the directory enquiry service.Those planscall for every homein France to be provided, free of charge, with a videotex type

telephonecall each time he uses the terminal. Nevertheless, oncethoseterminals are installed inhomes it means that they can be used to access any other videotex data base.

be about developmentsin applications. Some of what we will hear aboutis already available:othersarestill at the research stage.
To conclude, let merefer again to myfirst slide. A few months ago,| believed that informationsystems technology had passed the point where there was now a greater emphasis on the what
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dynamicsof information. | am not suggesting that | can even begin to say what such a theory
should consist of, but until it does exist | do not believe that we can moveforwardin any great
wayinto the what and whyareasof information systems technology.
This means that the applications gap to which| alluded earlier will be with us for sometime.
Nevertheless, | hope that someof the things that we will hear about during this conferencewill
show us the way in which wecanbegintofill that applications gap.
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SESSION B

DEVELOPMENTSIN
THE RECOGNITION OF SPEECH

Frederick Jelinek,
International Business Machines Corporation

Frederick Jelinek was born in Prague, Czechoslovakia. He received bachelor, masters anddoctorate degrees in electrical engineering from the Massachusetts Institute of Technologyin1956, 1958 and 1962 respectively.
Since June 1972 he has been with the Computer Sciences Department of IBM Thomas J.Watson Research Center, Yorktown Heights, New York, where he manages research onautomatic recognition (transcription) of speech. He had been aninstructor at MIT (1959- 7962),a visiting lecturer at Harvard University (1962), a Professor of Electrical Engineering at MITLincoln Laboratory (1964-1965) and a visiting scientist at IBM Thomas J. Watson ResearchCenter (1968-1969). His Principalinterests are in speech recognition and information theory. Heis the author of Probabilistic Information Theory.
Dr Jelinek was the president of the IEEE Group on Information Theory in 1977 and was therecipient of the 1969-1970 Information Theory Group prize paper award.
| define speech recognition as the automatic transcription of speech. Metaphorically, you canthink of it as an attempt to construct a typewriter which youtalk at, and it types out what youhave said. That, of course,is quite far away in the future, but there has been research alongthese lines, and there are some partial products on the market at this moment which| willmention.

Before that, however, | should like to say something about somerelated areas and productswhichare not speech recognition, but which have recently become the subjectofinterest. First,there is the area of speaker recognition/verification which is about recognising the identity of aspeaker. The aim is to use a speaker☂s voice as a security key that would unlock doors, openaccounts, or allow a bank to give you money.
Next, there is the area of speech synthesis where you try to synthesise utterances out of text.This area hasdifferent degrees of synthesis. Sometimes, whatis referred to as speechsynthesisis simply putting together sequences of words which were pre-recorded by a human being.Sometimesit is more advanced, and theideais to synthesise every sound without a humanbeing involvedatall. Finally, there is the area of speech coding/compaction. Some of you mayknow that to record speech and transmit it digitally by PCM ordelta modulation takesa lot of

Thefirst degree of speech recognition is isolated word recognition, which is saying wordsinisolation, with pauses between them, andtrying to recognise those words. There are actualcommercial products on the marketfor isolated word recognition. These products are able to
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distinguish between about 50 to 100 words, and they workin various noise environments ♥
maybeeven over the telephone.
Next, there is the area in which | am involved, that of continuous speech recognition, whichis
an attemptto transcribe words spoken naturally in the cadencein which a normal person would
speak.

Finally, there is the area of speech understanding, that is not just recognition but also interpreta-
tion of the meaning of what wassaid. That is an area which in somesenseis even moredifficult
and awaits some further breakthrough. Some people may say that we will never have
continuous speechrecognition until we have speech understanding, becausethe correct trans-
cription of words and sentences depends on whether one understands what was meant. This
concerns homograms, such as H-E-A-R, H-E-R-E, and so on.
Why do we need speech recog-
nition at all? My first slide shows Advantagesof speechinput
someof the advantagesof inputtingH s =speech into machines. | have eet meh nbesendtorts tse. @ Mobility ♥ not tied to a keyboardmarked those that | consider most © Speed
important with arrows. First, the © Accuracy
applications of speech recognition >

♥

@ Natural modality
right now are almost exclusively in- pe euiCostietfective ,
dustrial applications whereit is very pp eictaty eertice Recenesie corre: © 24-hour, 7-day input capabilityimportant that eyes and hands are elite or no user caining
left free. Speech input allows you to © Permits simultaneous communication
move around and notbetied to a wathimachine andictheunumayeRev poerlibseaucelvcuccan user @ Nopanel space or complex apparatus

Y ' vy. © Compatible with radiomicrophone and a transmitter with
no wires, and you can give your
commands as you move around the
workplace. For instance, General Motors tried to see whether they could carry out their quality
inspections using speech recognition, by walking around the car and saying, ☁This dooris
dented☂, and ☁☂This lock doesn☂t work☝.

 

Speechis a natural modality, you do not havetotrain anyoneforit. Another very big advantage
for speech is that you can bring databasesto the people, because almost everybodyhasa tele-
phone. Therefore, if you develop speech recognition and speech understanding sufficiently,
youcaninput information direct into a database. You can order merchandise and so on. Also,
speech requireslittle or no user training. Of course that is an exaggeration andit is an important
thing to remember whenwetalk of speech recognition and ask why we have not made as much
progress as we might. Afterall, a child takes maybe 10 years to train before he can speak. So,
when| say there is notraining, that applies for an adult. But, of course, there is always evolu-
tionary training. So the amountoftraining is very large, and, like us human beings, you can
expect that a machine,in order to understand speech, will require a lot of speech to be trained.

Whyshould speech recognition be successfulin the first place? Myfirst slide on the next page
shows an example of the speech waveform ofan utterance used as part of a speech recognition
programmeat Carnegie-Mellon University which tried to recognise chess moves. This sentence
says ☜Bishop moves to King Knight 5☂☂. You can see the regularity of patterns whichrecurat
regular intervals. They are not identical from cycle to cycle, but they are very similar, and it is
this similarity that gives rise to the hope that wewill be able to recognise speech.

We have madeprogressin isolated word recognition rather than in continuous speech recog-
nition for three major reasons. First, because of the small vocabulary of isolated word
recognition, we can recognise the words by asking the speaker to say every word in the
vocabulary once or twice. We then use the samples of his speechas prototypesor patterns to
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Waveform of the utterance showing the actual word andcompare with whatwill be spoken next. For a 30 or Bhensiie Boundaries:
50-word vocabulary, it is not too tedious to have
the speaker say all 50 words. On the other hand,
natural speech recognition would require all of the
millions of words in the Oxford English Dictionary,
so obviously we cannot approach natural speechrecognition in the same way. Even a moderate dic-
tation system would require about a 10,000-word
vocabulary, and again we cannot expect a user togo through sucha training period.

The next advantage of isolated word recognition isthat the pauses between words separate the wordsand makestheir pronunciation rather standard. Soyou eliminate all the edge effects where words ad-join other words. For instance, you do not say☜handlabelling☝ ♥ you would put a pausein be-tween and say ☜hand.. . labelling☂☂. You do notswallow your R☂s, and you do not say ☜☁onthe-table☝, you say ☁☁☜ON-THE-TABLE☝.

 

Finally, because of the pauses, the word pronunciation is distinct, stable and uninfluenced bycontext. If you have pauses between words, the recognisers will synchronise with what youhave said. In other words, you know that you are about to try to recognise the 17th wordbecause it comes after the 16th pause. On the other hand, if you are speaking continuously,since there are long words and short words, you never know exactly where you are.

 

The next slide shows some of the Stateof the art in discrete (and connected) utterance recognitionisolated word recognition products ,: wail Unit Applic. Voceb. Resp. Claim: . ;on the market and someofthe firms ibe Eissler eee nas omnes. : : BTL N N 50 Slow 9 ¥ Lab Npeee ae this Rae In the Gentigem

=

YY 35K ON ret ON Nemavaliabill Y co umn, an means Verbex (Dialog) Y 70K N 2 Fast 98 ¥: Tel ¥. Heuristics 1-Y 239 N 3 Slow ? N N Nthat there is no producton the mar- 2c 2a

Ni

ns tea Meares ULE eh PCRSa☂ket, and a ☜☜Y☝ meansthat you can Tears aN moe a Lab-Tel ¥: 3 interstate 1 esbuyit. The price ranges vary widely. Electronics 2--Y 2K Na0:00 oan ree. . a! ♥ ¥ 5-900 N 16 Fi 98 NYou can buy very inexpensive rec Threshold Y 10-80K N 50+ fat 99 N ae yognisers for hobbyists and so on, es N ¥5M oN ? Fast? N Office Ya eas janyo N ? N 2 Fisuchas the one from Heuristics for Nippon 1 Y We Nae fe Ss a ae$300 (the hobbyists market seems 2-Y 18.2K oN 4 Fast 99 9 Te ¥to be the biggest market these my re nei a Norm. ♥ : st -days). On the other hand, Nippon fF eeeee4♥Y 68.2K N 128 Fast 39 Y Tel- YElectric has a recogniser for $70,000. NormThe slide also shows whether theequipment worksover the telephone,or in a normal environment, or ina relatively quiet officeand so on. :
The capabilities of the products shown are very large, and the vocabulary sizes on which theycan operate differ by quite a lot. Actually, | have never seen the 1,000-word vocabulary systemfrom Nippon in use. In general, 100 words is about the limit. That is not because wordrecognition could not go beyond 100 words ♥

|

thinkthatit could go to about 200 or so ♥ butin actuality there are very few isolated word applications that need more than a 30-worddic-tionary. The next application is an office dictation system, and that requires thousands ofwords. So there seemsto be a natural dividingline.
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This next slide shows list of the applications for isolated word recognition. For instance,
baggage at Chicago Airport is handled by speech recognition. That means the handler says
☜Kennedy☂☂ and presumably the
baggage goes to Kennedy Airport.
Anyway,it provides a good excuse Present applications
for mishandling. © Parcel sorting systems © Machine control

BaggagehandlingTwo major applications areas are in- Aid to the handicapped
ventory control and quality control.
Today, you can see entire ware-
housesbeing run with isolated word
recognisers. Speech recognition is
also used for parcel sorting. Nor- Biscibuid dete meoteeine
mally, somebody hasto straighten data capture
out the package for anotherperson,
whothen keysin the zip code, and
that is how it is sorted. Now, with
speech recognition, it is only one
person who does the sorting; he
reads in the zip code and the machine then doesthesorting.

Numerical control systems Banking andcredit card
transactions

Warehousing anddistribution Cartography
Inventory control Training air traffic controllers
Quality control Aircraft cockpit communications

e
e
e
e

@
o
e
e
e

Keyword spotting

Commandcontrolinteraction

 

The next slide gives some other fu-
fe < a S ☁Some applicationsture applications for voice recogni-

tion. Someof theseare applications Eecee
for continuous speechrecognition. oer
| have divided them into three types Seconeeweaaera)
of usage. First, public use, where foesniseee
the public would use the system. In
this case, of course, isolated word Il. Business use ♥ occasional

recognition is probably unaccep- Conadeemenaan
table, because, if you have custo- Figheontal tog
mers whoare nottrained, you will Deraeaeee
not want to insist that they put Direct data entryfrom questionnaires☁Smallbusiness billings
pauses between words, and you Language instruction

= Help for the handi d
cannot take a sample of their Ip for the handicappe
voices. The requirement for public
use is essentially for use over the
telephone ♥ i.e. for voice recognition over the telephone,in an undisciplined speaking environ-
ment, and for a speaker-independent recognition system. These are very heavy requirements,
and we have a long way to go before we can meet them.

 

The second type of use is occasional business use, where, possibly, you have some trained
operators, but the use of the system is notintensive. Speechfiling is where you send messages
overthe telephone to your friends or colleagues, whichare then stored. Your friends can ring up
to retrieve their messages, and the messages can be routed, and so on. In the United States,
speech filing requires a touchtone telephone to input all the commands, and you have to
rememberpeople☂s dialling numbers and so on.
Thethird type of use is intensive business use for direct data entry from questionnaires, small
businessbillings, and so on. In this case, you could expect to have a person who would do
nothing else but use a voice recognition system, and you could afford to train him highly, and
you could afford to train the machine very muchto his voice. When continuous speech
recognition becomesa businessreality, | think that maybe data entry will be in this area.

The mostlikely office applications for voice recognition are for dictation machines.The idea is
essentially to replace the typist and construct your office correspondence bydirect dictation,
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with a display screen in front of you. The system would also provide an editing system anda
formatting system and a hard copyfacility. Thus, when you have dictated your letter,it is typed
out and youare readyto send it. Perhaps most of you have secretaries and do not appreciate
the problems of those of us who do not have personal secretaries. For instance, | share asecretary with about 30 people and when| dictate a letter | do not know when it will be sent out,and | worry aboutit. It is typed and it comes back to me for proof reading threeorfour dayslater. If the secretary has made anyerrors, | have already forgotten what | meant to say so |cannotcorrectit very well. So one of the major advantagesof voice recognition systemsis theinstantaneous creation of documents for a low-level manager.
On my nextslide | have shown two
choices. It is not clear that the first Offesseipliestions:
choice is acceptable, although, per-
sonally, | think | would be willing topaythe price of dictating the words
in isolation because the availability Isolatedeeeof the hard copy would bevery use- Advanced man-machineinterfaceful to me. But there is the question Memoand letter dictation machineof whether managers in general 1000 Geeaeeawould be prepared to do the editing 10,000 word potential vocabularyavailable throughisolated wordrecognition and spellingand correcting. It is a well-knownmyth ♥ | was going to say thatitisawell-known fact, but | do not be-lieve that fact even thoughall the re-search seems to substantiate it ♥that managers hate the keyboardand will never touchit, becauseit is socially demeaning or whatever. Personally, | cannot believethat if something wasmade really useful, available and easy, Managers would notuseit. But allresearchsays that they would not, so perhaps keyboards are only for low-level managers!

 

So generally what | am talkingabout is a situation of the typeshown on mynextslide. Of course,you would not want to hang any- ☜Now is the time forthinglike that type of equipment on wh goodwore... fa manager. Perhaps he would wantan array of microphonesso that hewould not need tosit at the terminalbut would be able to pace about.Perhaps he wouldlike to eliminatethe keyboard altogether, so that theediting commands could also bemadevia speech. But that would bethe general idea. The lady said☜women☝ and the system has madea mistake, sothereis still a need tocorrectit.

 

  

  

 

  NOW IS THE TIMEFOR ALL GOODMEN  
  

Why dowe not havecontinuous speech recognition systems now?It is because there are greatdifficulties in doing continuous speech recognition. First, the acoustic signal is continuous, andit has no boundaries between words. It does not have boundaries between sounds either.Clearly, if you are to have a continuous speech recognition system, your building blocks cannotbe words ♥ they must be sounds, and the sounds run together. Furthermore, sounds do notsound the same wayin every context. A ☜T☝☂ at the beginning of a word, for instance in theword TIP,is usually aspirated, but a ☂T☂☂ at the end ofa word, like PIT, is not aspirated. So eventhough wearetrained to hear sounds as being the same, acoustically they are not the same,which provides us with difficulties.
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Humanbeingscaneasily distinguish speech sounds from non-speech sounds,and can have a
lot of conversation going on around them butfocus on one speakeronly.It is very difficult for a
machineto filter out speakers other than the onein whichit is interested. Also there are a large
variety of dialects, mannerisms and voice qualities, which again humans do not seem to have
difficulty with. | think that you are perfectly able to understand what| am saying, and yet | have
a Czech accent, and few of you have heard a Czech accentbefore.

Humanunderstanding of speech dependson context and whatthe speakerhassaid previously,
so that is another area where one has to have somekind of a tracking of what was said and
what the meaningis. Finally, even if you write with perfect grammar, you cannotrely on spoken
grammar, because most speechis irregular and ungrammatical. Also, people rephrase what
they have started to say, they sometimes☁☁um☝☂ and changein the middle of a sentence andtry
to scratch the whole conversation. So this is the problem weare up against.
In order not to be overwhelmedbyall these difficulties at once, in research one minimises the
problems and imposeslimitations. First, you try to train the machinefor a single speaker. By this
| do not meanthatit will forever work only with me, but you require from the person whois to
be understood a large sample of his speech before youlet him try the machine. You need to do
the recording with very good microphones,in a relatively noise-free environment, and that
meansdecidedly not over the telephone.
Initially, you may make the speech more regular by doing reading recognition rather than spon-
taneous speech recognition. In other words, you give somebody sometext to read, and you
attempt to transcribe what he reads. The ideais that he will read it at a regular pace, and that
the text that he is reading is grammatical. To start with, you do notinsist that the recognitionis
carried out in real time ♥ that is you allow the processing time to be muchlarger than the
speech time. During research, one second of speech might take 50 seconds to recognise.
Finally, you do not build any machines, but you use general purpose computers to do your
recognition.
| should like to continue bytelling
youalittle more about how we carry 

 

  

out speech recognition research peoeSe7
and then show you some examples ! \
of howfar we havegot and to show | ae - eee L eae

|

♥
you what machines can do these { !     1
days. This slide showsthe point of eeSainoa
view that we take in the design of a pecoh recognizer
speech recogniser. All the experi-
ments that have been donesofarin

Speakerreads text presented by generator
Acoustic processorconverts speech into a sequence of

continuous speech recognition symbols suitable for the linguistic decoder
have been with a speakerreading a Linguistic decoder attempts to deducethe text read by

. : the speaker,it chooses that word sequence whichtext, although you can consider this accounts best for the acoustic processor output
. . : symbol:diagram metaphorically and think of =
 the speaker as generating text in his

brain and then reading it off his
brain. So this is not a bad diagram,
even for spontaneous speech, but it is more easily interpretable when the text is being read by
the speaker.

The speech recogniser usually consists of two parts ♥ an acoustic processoranda linguistic
decoder. The acoustic processor converts the speechinto a series of distinct symbols which are
suitable for processingby linguistic decoder. Originally what people had in mind wasto have
an acoustic processor which would emulate one who goes amongsavages and transcribes their
speech without knowingtheir grammar and without knowing the meaning of their language. As
you know, missionaries are highly trained to do that, and this is how grammars for some
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languages have been developed. Soit is possible to do this acoustic processing and segmenta-
tion into sounds without knowing anything aboutthe linguistic content of the speech.
Anyway,it turned out that this approach was a dream. It was asking for too much and itis now
known that an acoustic processor should not try to recognise phonemesand their segments.
An acoustic processor should simply be a data compressorthat takes the wave form spoken by
the speaker and compressesit into a sequence of distinct symbols.
Finally, you have the linguistic decoder whichtries to deducethetext from thestring of symbols
producedby the acoustic processor. Thelinguistic decoder decides what was spokenbyusingmodelsof the speaker pronunciation, of the performanceof the acoustic processor, of the textitself, and of the propensity of the speaker to formulate various sentences.
Mynextslide showsa typical output
from an acoustic processor. This is
called a spectrogram. It gives you a
short-term picture of the energy
content of different frequency
bands as the speaker speaks. Here
you have a spectrogram which is
discrete in time ♥ that is where the
content in energy bandsis different

 

Amp    Freq
uenc

y (k
Hz)

for each 10 milliseconds of speech. Fido loangeerr eeWhereverthere is a dark area there
is a lot of energy and wherever 43 ans 9 w Ankgz smp'elevs p itf fremse¢ vrel@ surandr an s
thereis a light area thereis verylittleenergy. Spectrograms used to be
referred to as visible speech. It isfrom this spectrogram that the
acoustic processortries to put outthe sequence of symbols. Previously, when the acoustic processortried to put out a series ofphonemes,the ideal thing would beto transcribe the spectrogram in the phonetic sequenceinwhichthese things occur. There are no sub-boundaries between phonesbut | have indicatedwhere the sounds begin and end. No doubt you cannot read it but it says ☜John saw anexample of speech from several thousand runs☝. That is irrelevant, but the whole point hereisthat you cansee that the soundsare continuous, and that boundaries do notexist ♥ s0it is veryhard to see how youwill distinguish betweenthedifferent sounds.

 

Let us assumethat we havea per- Let us assumethat we havea perfect acoustic processor ♥ westill need afect acoustic processor, which linguistic decoder ♥ for example:
means that a machine would put
out the sequence of sounds per-
fectly as they are.| then claim that,evenif you had that, you wouldstill
need

a

linguistic decoder, and my Wimelkolaveéildrinnextslide illustrates why this is so.This is a phrase written in the way in We makeallourchildren.which Websters☂ Dictionary givesthe pronunciation for every word. If pe ey caieur coildren:you try to read it where the words
run together you will have a very
hard time. But even after you have
decoded it, there are many ex-
amples where the meaningis ambi-guous. Theslide shows twoalternative meanings. You can see that both sentences haveexactly the same soundpattern. Obviously | need somethingto distinguish which alternative
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was said. But in most cases, sounds do not have a perfect homonymy, which means they do
not sound the sameeven thoughthey have the same soundpattern. But as soon as you have an
error in the transcription you can easily be sent from oneinterpretation to another. You need the
linguistic decoder because you need to have somekind of measure of whetherit is morelikely
that a person would have said one thing or another in one context or another context.

The task of the linguistic decoderis
 described in technical terms on this ♥ee

next slide. It says that the decoder
sees the acoustic processor output : I my= i Given acoustic processor output A find word string W(string A) as a string of symbols, Which maximizes Pr (W/A) overall possible text strings W.
and tries to find the word string W Bayes rule:
which maximises the probability of Pr (W/A) = Pr (W}* Pr (AW) / Pr (A)
word string W being correct given inane ane)
the evidenceof string A. Because of eSene ae
a well-known formula in mathema-
tics (Bayes rule) this probability can
be written as the product(orratio)
of three factors. You are trying to
find the word string W which makes
this term a maximum. W is not even
involved in this term so you canfor-
get aboutit as you vary the W.Theterm involves twoprobabilities. One is the probability that
that word string will be uttered in the first place a prior, without any evidence of anythingthat
has gonebefore. In other words, howlikely is anybody to say that sentence. The otheris the
probability that the output of the acoustic processorwill be A, given that the speaker read the
word sequence W.

 

So, in order to do speech recognition, the linguistic decoder has to use a model of the language
itself, of the text, or of the area of discourse that youare trying to attack. For instance, if you
are trying to recognise business correspondence, you have to have a modelof what a person
whodictates a letter or memoislikely to say, and of how heis going to express himself. That
model, in a statistical way, would then provide you with the probability for every possible word
string. The probability of the speaker/acoustic processor combination is best decomposedinto
two parts ♥ the phonetics of the speaker and howheis likely to pronounce certain words such
as tomato, or either, and whetherheislikely to slur certain words; and then a model of how the
acoustic processoris likely to react to a particular way of pronouncing words.

My next slide shows the basic de-
sign of the linguistic decoder. There
is a word sequence hypothesis
search and it works with three
models: a model of how frequently
a word sequenceis pronounced; a
model of how the acoustic proces-
sor performs; and a_ phonetic
model, which is a pronouncinglexi-
confitted to the particular speaker.
If you changed speakers, then you
would have to provide a different
phonetic model for the new
speaker; and if you changed topics
or applications, you would have to
change both the language model
and the acoustic processor model.

Linguistic decoder
   

     

  

  Estimatedfrequencies ofword sequences(language model)
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Here is an example of what a speaker model might do. Theslide represents in a graphical form
the ways of pronouncing the word ☁☁two☂☂. This simply says that ☜two☝ is a T which can be
aspirated or not, and then the ☁☁oo☝☝
can either be short or long. What
you need in your machineis a pro-
nunciation graph for every possible
word that is in your vocabulary. Fur-
thermore, you would like to have Assigns probabilities to various possible word pronunciationsassociated apt all the paths the Reenera dl eansticuon gaaprobabilities that those paths wouldbe used. Every path through this
graphis a possible pronunciation ofthe word. This is a very simplified
example and most words have hun-
dreds of different pronunciations,
particularly if you want to have a
pronouncing dictionary, say, for
middle-American pronunciation, orfor Scottish pronunciation, or forsome region of England.

Speaker mode!

 

 

Finally, you would say that the speaker pronounced words by pronouncing a sequence ofphones ♥ phonesarethe basic units of pronunciation ♥ and then you would like a model ofhow the machineis likely to react to these strings of phones.
So you need a model of how a machinereacts to a particular phone, and thentoall phones.Thereis a problem of segmentation because the soundsrun together. Thenthere is the problemof whether, when the phoneis pronounced, youwill recognise it as one phoneor two phones,or perhaps no phonesatall. So you have three possibilities ♥ correct pronunciation, or deletionof the phone,orincorrect pronunciation where one phoneissplit into two. Then you need

a

listof probabilities. Suppose you say a ☁☂T☂☂. Whatis the probability that the machine puts outa ☂T☝oran☜L☂☝ ora ☜K"or what-have-you? Ideally, you need a complete statistical description forevery possible reaction of the acoustic processor to the pronunciation of every given sound.
You also need a language model. In principle the language modelis very simple. You wouldlikea description that gives the probability of the next word being any particular word, given that acertain string of words has already been pronounced. How you arrive at this language modelis adeep question. If you had a grammarof a very ambitious type, then you would say that the

to a machine.

There are two kinds of tasks which typically are carried out bOnesetof tasksis ☜artificial☝ and the otheris ☜natural☂☂. Consider an insurance broker trying tofill out his questionnaires through speech recognition. He could have a menuin front of him,and at any given point there would be only certain phrases that he could say. He would berestricted to those phrases and he would not be able to say other phrases. For someapplica-tions you could write an artificial grammarfor the speaker ♥ artificial in the sense thatit woulddefine the entire rangeof possibilities for the speaker. These tasks would be called ☜☁artificial☂☝tasks. Later | will show some examplesofanartificial task and | will argue that those tasks aremucheasier to process by voice recognition systems.

y continuous speech recognition.

Thenthere are natural tasks where you do not wantto restrict the way the speaker expresseshimself, except perhaps that he indicates the topic or the application. Certainly an officedictation machine would be a natural task. Natural tasks are much moredifficult to implement.  



 

It came asa surprise to many researchers that when we developedthese language models of the
pronunciation and of the speaker, they all required probabilities. The question is: how do you
get these probabilities?
People assumed that you can derive the probabilities by counts, and by observation. But the
question is: how are you going to carry out these counts? Surely you are not going to hire a
million phoneticians to listen to the speech of radio announcers and count how people
pronouncevarious words? Youjust cannot do that. You have to have a methodology whichwill
be self-organising and which will extract these statistics automatically from data. We are
striving to developthis sort of self-organisation, and| believe it is the only method that has any
chance of successin the long run.
The next☂slide is an example of a
very simple experiment ofartificial
grammar. This is knownasfinite
state grammar, andit is called the
New Raleigh Language becauseit
comes from a project in Raleigh,
North Carolina. All of the sentences
that can be produced are described
fully on the slide. The sentences are
generated by computer. You place
the computerin theinitial state and
it can select what state it goes to
next. As it goes to the next state
there are certain states that can fol-
low, and this selection proceeds
until the computer reaches the last
state. Whenever the computer makesthetransition from onelist of words to another,it is free
to choose any word from thatlist.

 

 

 

Most of the possible sentences that can be constructed are totally nonsensical. One possible
sentence might be ☁☁Each large division criticised the captain over the vehicle☂☂. Whilst it is
theoretically possible to say such a sentence,it is not a very probable sentence in any language
in real use. But this is just an experimental example. You can see that | could put into this
example quite a lot of restrictive situations which would mirror menu-type applications, such as
answering questionnaires, or enquiring into a database about aeroplane schedules, or
requesting stock market quotations, and so on.
The important feature that you seehereis that the vocabularyis fairly small. This is a 250-word
vocabulary, which has attractions for us. But the thing that makes this particularly easy
compared to natural tasks is that the 250 words cannot be uttered in any spot, and that at any
possible point there is only a very small number of words that can be uttered. That is what
makesartificial tasks ♥ even though they might be large-vocabulary tasks nominally ♥ so
mucheasier. The biggest choice shownontheslide is about 24 different words.
Lest you thinkthat this is a very easy case, the numberofdifferent sentences that you can pro-
nouncein this example is 14 million. So the speech recogniseris faced with a choice between 14
million possibilities. That is quite a respectable choice and, ifit is going to be 100% accurate,it
has to make the decision correctly every time.
Wehave achieved 100% success with the New Raleigh Language,andthefirst slide on the next
pagetells you how arduous the progressin continuous speech recognition is. You can see that
it took us four years to achieve 100% success. That is an example ofanartificial language, but
now weareinterested in natural languages. In other words, wearestriving to developa dicta-
tion system. The main point about natural languagesis that whatever the vocabularyis, you can
say a word from that vocabulary at every point.

23



That might sound strangeto you, but in English andin any other language that | know of, most
of the words are nouns or verbs. The number of prepositions, conjunctions orarticles is very
small (the total number may be
something like 300). Yet the lan-
guage has millions and millions of
words. Also, when you speaka sen-

New Raleigh language

tence and you are about to say a Toatenoun, you can say any noun from ae} ayour entire vocabulary of English, sentences wordsand you can then continue the sen- 11/74 73.0 96.4
tence in such a waysothat the sen- 8/77 95.0 99.4tence makes sense. Soin any natu- 8/78 1000 100.0ral task most of the wordsthatare in Test results on 100 sentencesthe vocabulary can occur at every Baatoepoint. If you have a 10,000-word vo-cabulary, youare faced with a deci-
sion at every point between 10,000words. That is a computationallyenormoustask.
 

Wehavetried a natural language experiment called Laser Patent Text. The United States PatentOffice had patent disclosure information available in a machine readable form, and wedid nothavetohire typists to transcribe a large volumeof text. The Patent Office has a very large text ofabout2 million words. We were hoping that this text would be confined in terms of syntax andsemantics to one subject only. We were also banking onthe lack oforiginality of lawyers inexpressing themselves. We were richly repaid in this expectation! In fact, too richly, becausemanypatents for which people no doubtpaid a lot of moneyto the lawyersdiffer only in one ortwo words from other patents. So we had a big problem with patent duplication, and somehowwehad to remove the patents which were essentially duplications of each other. In any case,thereis a stylistic uniformity across this text. This is different, for example, from a text of musicreviews in newspapers. A music reviewer does not have a solid subject to write about, so hewrites in a very flourishing language, and he is proud of the way that he expresses himselfcomparedto his colleagues. Unfortunately, we were disappointed with thesize of the vocabu-lary which, at 12,000 words, was much too large a step from a 250-word vocabulary. So whatwedid instead was to examine a subset of the sentences in the Patent text, and that subsetconsisted only of words from a 1,000-word vocabulary. That meansthat we found the thousandmost frequently occurring wordsin the whole text, and then found those sentences which aremade upentirely of those 1,000 words. Thisis still a very large text, with about 72,000 words.This slide shows some examples ofthat experimental text. No doubtthe sentences seem very complex

leeseeoesa

I

eeee

and long, but grammatically theyare not as complex as they could be.For instance, there are no ques- After a period of time, the dye in the switching celltions, and there are no exclama- Operator, ns SAS ffootnte itchingtions. So whole parts of English Re sighteon may = any of the known crystalline lasing: terial such as ruby, or alte ively, the isentence structures were not in- material could be any of thelasinggues,oron ofcludedin the experiment. The text is ☁he injection-type lasing media,somewhatsimplified to restrict it to apearation, the rod eighteen is pumped from theI light source eighteen to effect the usualinverteda 1,000-word vocabulary. For in- ceeetationstate of the laserions between givenlevels.stance, there is the prevalence ofthe word ☜eighteen☂☂. That is be-cause the possible numerics thatcan occurin thetextare infinite, and

i

asto construct a 1,000-word vocabu-lary, we had to keep the numerics that could occur finite, so we decided every number was

24  



☜eighteen☂☝☂. Also, every formula, no matter how complex, wastranslated to ☜sigma equals rho☂☂.
Wetookotherliberties of that type, but the samplestill represented quite a respectable task.
Once wehadthis task, we werefacedwith deciding onthe kind of language modelto put together.In
the artificial task the language model wasgivenapriori because there wasa limited set of sentences
that could be pronounced, but how doyoutakea naturaltext suchas this and construct a language
modelfor it? Given a string of words, how do youestimate the probability of the next word?
Wetook a very simple-minded ap-
proach andsaid that we would pre- Laser language model
dict the next word onthebasis of
☜trigrams☝☂. In other words, wewill
try to find out whatthe next word is
given the two previous words. This
is stated more formally by the equa-
tion on this slide, which says thatthe probability of the occurrence of A PMcMic2Mica)
a string of words can be expressed
as a product of the Kth word, given
the previous (K-1) words. We have
simplified the problem by saying
that we will not consider the entire
past, but we will consider only the
last two words.

 

PAW. « - Wa) = PHWicIW-- Wi, )

 

It seems extremely simple-minded to think that trigrams will guide you through sentences, but! can
show you evidence which| think would convince you that a very good grammarian could not do
muchbetter.
We can nowachieve about 92% success on recognition of words,and| will show you examplesof
how wedoit. The price that we payis that we use 70 CPU minutes on a 370/168to decode a minute
of speech. That is a gigantic number, and it seemslike a very expensive proposition. However,
digital computers are notreally suitable forthis type of task because a task suchasthis requiresalot
of parallel processing. You can do a lot of work in parallel, you do not have to do the workin
sequence. | am sure that this task can be speeded up enormously. Wehavecarried out sizings
which show that, whenwefinalise our algorithms, wewill be able to produce not-too-expensive
hardware workingin real time.
Hereis a slide to give you a feeling
of what it means to achieve 92%
recognition success. In a moment|
will play a recording for you of how

Sentence key 0000054
 

True Decoded True Decodedthe person pronounced the sen-5 advantageously advantageously the thetence shownontheslide. | am sure the the orteal ortcal
. . i we len: wavelenthat you will agree that he did not eee Wane Bane peared

make any concessions to the ma- oF e Be ey
chine as he spoke. In fact, | think ney the ieee coe

7] i of ofyou will find that he speaks much oe ee sci Gene
too fast for your taste. The reason of of 19/20 words correctly decoded
that he speaks sofast is that he had
to record about two hours of
speech, and he was enormously
bored and wanted to get it over
with. He will read the sentenceasit
is printed out on the lefthand side of the slide, and on the righthand side is what the machine
came up with. You can see that the machine made one error ♥ it changed ☜the☝☂ into ☁☂a☂☂. As
youlisten to the recording you will hear that thereis very slight evidence for the ☁the☂. |am not
saying that you will not recognise that he did say ☜☁the☂☂, but you will see that recognitionis quite
difficult. (Taped example).
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In the second example there are several errors. ☁Silver☂ is decoded as☁☁silvered☝☂, and the next
error is an exampleof an error that an isolated word recogniser could not make,butit is an error
whichis only too prevalent in con-
tinuous speech recognition. One
 

 

 

 

 

Sentence key 0000064word(dielectric) wassaid and it was
decoded as two words(byelectric).
(Taped example). ai See True Decoded

. - the the other otherThe second slide on this page perce particle a suitable
shows a homonymic example coatings coatings for for

= am☝ on on example examplewhere ☜hear☂☂ is decoded for ☜☁here the the * dielectric byand ☜as☝ is decoded as ☜is☂☂. The oe tae eee negthird error onthis slide is due to the ee ae 16/18 words correctly decoded.language model, because unfortu- or oenately it changed ☜☁if☂☂ into ☜☁be☂☂,
and then the phrase ☁☁may be de-
sired to be☂☝☂ is much more probable
than ☜may be desired be☝. So the
decoderis forced into that error by
the language model oncethefirst
error is made. (Taped example).

Sentence key 0000077The third slide is the final example,
anditillustrates the kind of catastro-
phe we comeupagainst. But again, ae Decoded: uD aex post facto in research, every- cae am HS sithing can be explained. The ☜I☝ in eighteen eighteen desired desired☜available☝ comes from ☜will, and *here i ar be☜the☂☂ and ☜v☂☂ are similar sounds. es quenared ponnicted comertadThis is the type of problem you run ees spmmiccted pare Parallelinto with continuous speech recog- a ♥ 18/18 words correctly decoded. |nition. (Taped example).

|| think that you would agree thatif |
could achieve this kind of recogni-
tion in real time and | could doit for |office dictation, 92% reliability |would be entirely satisfactory. Pre- |sumably you would see the text Sentence key 0000093 |appearing on a screenin front of |you as you were dictating, and ine Pecos WS Decoded |therefore you could either say an in- eae peceass Se eae |correctly decoded phrase again, or ee fel na discharge |let it pass and correctit later. So, in sssocisted secestal * available at |One sense, we are right at the such such athreshold of being able to create an ee Sepsis és Soffice dictation system as far as re- ee er a pares: |liability is concerned, but we have = a ner a |two problems that we have not aa nee rod rodtackled yet. One is the problem of ee ee) 25/28 words correctly decoded.decoding in real time, and the
secondis the problem of spontane-
Ous speech.At present, continuous
speech recognition works when thepersonreadsthetext, butin real life it will have to deal with the vagaries of awith the fact that he does not speak regularly, and so on.

 

person dictating ♥
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On the other hand, spontaneous speech gives us an opportunity for improvement because a
recognition system wherethe personis reading does not allow, through feedback, any teaching
of the speaker. The speaker reads the text, and five months later the computer produces the
output. So he has no wayto adjust the way he speaks to the way the machine recogniseshis
voice. We are hoping very muchthat speakers are malleable, and that whentheyrealise that the
machineis not very good at recognising swallowedarticles, they will say the articles distinctly,
because the penalty for not saying them distinctly will be rather high.

My last slide shows the major re-
maining problems that must be
overcome before we can think of
voice recognition products. We
would like to be able to adapt tomultiple speakers. This may not be iiLa
necessary commercially but cer- EPOnIEeGERDeeAGee
tainly it would be desirable if we
could recognise many speakers at

Major remaining problems
Adaptation to multiple speakers
Reduced bandwidth andincreasednoiseinput

Large vocabularies andincrementaladdition of new words
Humanfactors of dictation:

once rather than designing the Acceptability of isolated word input
. Error rate tolerancemachine for one speaker only. We Vocabularyrequirementsi uxiliary aids: mtrwould like to be able to reduce the ye softwareformatting

bandwidth requirements so that
lower quality microphones can be
used.

Design of interfacefacilitating interactive error correction
 

In a real application, it is very hard to restrict a person to a certain vocabulary, becauseclearlyit
is not practical to have the person learn a vocabulary and know which wordsare and are notin
the vocabulary. We do not know the extent to which a person can memorise the allowed
vocabulary, but it will be very interesting to see whether his corrrespondence will be
impoverished because he will subconsciously not use the words which he wouldlike to use, but
will instead use the words that are available to him. Undoubtedly, we will need to make
provision to put in wordsthatare notin the original vocabulary, and we have not solved how to
do that yet. On the other hand, everybody has his own vocabulary, and one wayof proceeding
mightbe to provide a basic 5,000-word vocabulary for everybodyandlet the other 5,000 words
be built up through usage. In other words, provide some kind of machinery that collects statis-
tics on howlikely a person is to use particular words, and always keep in the vocabulary those
words that he is currently most likely to use. Thus the vocabulary would be dynamic. One
month the person might be corresponding about a widget problem and another month he might
be more interested in his tennis game, so that vocabulary might become more prevalent.
Perhaps there is scope for the machine to be provided with an adaptive learning capability.

Finally, the humanfactors of dictation have not been studied ♥ in particular, how acceptable
isolated word input mightbe. It is not just a question of isolated word recognition versus natural
language. Thereareall sorts of gradations that you can have betweendifferent modes of input.
Perhaps you could allow continuously spoken phrases with articles or adjectives or nouns, but
with pauses between nounphrases.| do not know whatyoucould allow,but certainly there isa
large area of research there. How tolerant are people to errors? Is there a threshold? It is
interesting that in isolated word recognition there is a very sharp threshold at 97% accuracy.|
do not know why, but everybody reports that if the machine is more than 97% accurate, the
users are satisfied. But as soon as the accuracy drops below 97% they walk away from it and do
not want to have anything to do with the machine. Researchers do not understand whythisis
so and how it comes about, but in the voice recognition industry 97% accuracyis a cut-off
point. Thereis nojustification for it, but everybody recognises it and tries to get over that hump.

Other problems concern the vocabulary requirements and the kind of auxiliary aids that are
needed. Is key entry acceptable? What kind of software formatting must you provide?
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If you want the machine to behavelike a secretary, it must have quite a lot ofintelligence pre-
programmedinto it, such as an understanding of paragraphing and layout and so on. Finally,
whatkind of interface facilities should you have for interactive error correction?
Let me endbysaying that | think that dictation machines as commercial productsare still some
wayoff in the future. | should not be surprised if we did not see any earlier than 1990.
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SESSION C
SATELLITES FOR

BROADCASTING AND BUSINESS
COMMUNICATION

Larry Blonstein,
British Aerospace

Larry Blonstein was in charge of the design and construction of Europe☂s first satellite, UK3,
which was launched from the USA in 1966. Subsequently, he workedon satellite earth stations
in Europe, and on associated radar in the USA. He spentfive years in Paris, working with an
international organisation on space systems, with particular emphasis on Third World needs. He
re-joined British Aerospace in 1979 as sales managerofthe space and communicationsdivision.
This afternoon | shall try to bring you up to date on the European scene and the imminence of
satellite communications, and to overcome some misconceptions, of which there are many
when it comesto satellite communications.| will take you through what is happening now,
whatwill happen very shortly, and what will happen inside this decade.
Thefirst slide shows a picture of
L-SAT. | am sorry about the name
which is a temporary abbreviation
for ☁large satellite☂. We are not al-
lowed to give a nameto a satellite
until it is about to go into orbit. |
want to call it OLYMPUS which
means Operational Large Heavy
Multi Purpose Satellite, but Rolls-
Royce are not very happy about
that and we are having a gentle
fight with them over their rotten
Olympus engine. So regrettably,
for the moment we haveto call it
L-SAT. It is large. When those
wingscarrying solar cells are erec-
ted theywill be three times the width of this conference room, and fromtip to tip it will be nearly
170 feet. Its height from the baseof the body to the top of the tower carrying the antennaewill
be 22 feet. Whenit is launched, hopefully at the end of 1984,it will be the biggest commercial
communications satellite in the world. And it is being built here, in Britain! How about that?

 

However, it costs $60 million. To overcome some more misconceptions, my next slide has onit
some very simple sums to show you whypeople want to spend $60 million on a satellite. Thatis
a talking price, at 1980 prices, so it is subject to escalation.
You do notbuy onesatellite, because it mightfail; you have to buy two in orbit. That means
twoin orbit and they both have to be launched. In addition, you haveto build a third and keep it
on the ground. For example, our OTSsatellite was dropped in the sea by an American rocket
failure. It was insured for $23 million; it wasa tiny satellite. But you have to keep a third one on
the ground in the event that one gets droppedin thesea. So as a manufacturer you have to
build three satellites to put a two-satellite fully redundant system into orbit. So there is $180
million gone.
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A launcherfor something the size of L-SAT has to be a complete Ariane rocket, which is being
built in Europe, or a large lump of shuttle which | will mention briefly later. The typical cost at
today☂s prices for that size and
weightofsatellite is $40 million for
each launch. Now the insurers, mad
as they are, at the momentare offer-
ing .a 10% premium on launches.
They are getting a little worried
because Ariane has worked once
and failed once. They should be
Operating on a 50% premium but
they are not, thank goodness.In the
United States theyare offering 10%
insurance onthetotal thing launch-
ed into the sky. So for each $100
million launch you haveto find 10%
in advance of launch, which is
another $10 million. So your system
capital cost before you borrow any
money meansthat you haveto find
$280 million. You, as a Post Office
or as an independentoperator, havegot to find $280 million.
Whatwill it cost over 10 years? In
my nextslide, | have taken the capi-tal which you haveto pay back, andlooking at interest typically, de-
pending on how you borrow your
money or how youpayyourdivi-dends, | have nearly doubledit, toanother $250 million. We knowthat to operate and keepa satellitein orbit costs roughly $7 million ayear. This is for the ground stationsthat controlthesatellite in orbit, thenetwork control centre, thesatellite
control centre, the computers, andthe things that keep it on the sta-tion.

A typical price is $7 million a year.Thelife of a satellite is designed for10 years, so you will have to find
another $70 million, which shouldcome out of revenue but | have
takenit as initial capital. So over 10
years you have to pay

a

total of$600 million, an average of $60 mil-lion a year.

What do you get for your $60 mil-
lion? First, you have to estimate
how your satellite will be used and mynextslideillustratPost Office on this because they are beginning to use
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curve, which is the most pessimistic possible assumption. In other words, whenyoustart the
system nobody knowsthe system exists, and youstart with a satellite that is empty. You have
donenoselling in advance. You start with an emptysatellite and, hopefully, you fill it up after 10
years. What wesayis that, with adequateselling beforehand, at the time you launch you have
customers waiting for it, as SBS have in the United States. They launched in November and
they have about 11 customers. Then you follow the normal growth curve of communications
and youfill your satellite before the end of thelife. So you could assume that 65% of your
satellite will be usedin its lifetime. But we will take the most pessimistic assumption ♥ the Post
Office assumption ♥ and take only 50% usage, so you are using only onehalf of the capacity of
your satellite over the total period.

So you have to find $60 million a year. The L-SATthat | am talking aboutin the particular con-
figuration which | will show you later, for business use over Europe, can offer 80,000 half
circuits, that is 40,000 simultaneous telephone conversations. Take the pessimistic 50% filling
assumption and youwill be able to sell typically only 40,000 half circuits. The cost perhalf circuit
then is $60 million a year divided by 40,000, which is $1,500 per year.
For a two-waycircuit, assuming that you lease a two-waycircuit between where youlive and
where anotheroffice is located, the cost is $3,000 a year. At current rates of exchangethatis
£1,250 per annum. If you are the Post Office who have boughtthatsatellite, you could sellit at
£2,500 per annum. But the current Post Office price for a leased circuit between London and
Oslo is £22,000 per annum.That is why Post Offices buy satellites. That is why your localtele-
phonebills will go up by a factor of 10 in the nextfive or six years, because the Post Office
accepts that their long-haul prices are totally unrealistic.
In their press conference last week about our new ECS satellites, the Post Office has accepted
that satellite link prices must not betied to terrestrial link prices but must be economic. Up to
nowit is the long-haul circuits that have been subsidising your local telephonecalls to a very
great extent. The Post Office, pushed by us, are accepting that long-haul telephones ♥ which
are notall that long-haul, they could be London/Edinburgh, or London/Oslo, or London/Paris
♥ should be priced in accordance with a reasonable return on capital of thesatellite system.
But that meansthat a subsidy will no longer apply to your localtelephones.| regret that part of
myselling activity will result in your telephonebills going up ♥ but that☂slife.

So $60 million fora large satellite and $30 million for a small one. That is a lot of money ♥ why
doesit cost $60 million?
What| should like to dois to take you for a quick walk through our factory to show you whyit
costs $60 million for a large satellite. We launched the OTSsatellite in 1978, and it has been up
in orbit for nearly three years. It is standing over the Equator, at 10° east. It has been used by
the Post Offices and television authorities of Europe since 1978,fortrials in communication and
television broadcasting. We were lucky when welaunchedthatsatellite because the rocket put
us within a few degreesofits final position. So we did not have to use muchfuelto getit intoits
position in orbit, and we therefore have twotothree years☂life left. OTS is becoming available
for trials to people who wantto useit in April this year.
Mynextslide is a picture of one of the viewsinside the satellite body. A satellite is not just an
empty dustbin with somesolarcells onit. It is in fact a telephone exchange.That is one picture
of the inside of a satellite showing some of the structure and wiring.

The next picture showsthe central tube ofthe satellite which contains the final apogee motor.
Thatis the motor thatfinally fires you in apogeeinto high orbit, and the live motorlives in that
tube. Round it are those balls made of titanium which contain the gas ♥ hydrogen ♥ that
keeps you in orbit. Satellites are subjected to perturbations due to solar pressure, dust and
gravitational effects, and float around. Wehavetotry to keep them within plus or minus 0.1 ofa
degree to the observer on the earth. So about once a week youlet it float about 60 or 70
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kilometres, then you fire it back again and stop it. This uses gas which is stored in those
containers. How much gasyou put in determinesthelife of the satellite. Wedesigned OTSfor
aboutfive years and there is plenty
left. But for L-SAT andlarge satel-
lites of the future, we (and the
Americanstoo) are designing for 10
years, which means moregas, more
weight, more massinto orbit, and
moreeffort to get it up there.
Hereis a typical picture of a worried
workmanin our workshop. You get
very worried looking guysin this par-
ticular shop; you see them walking
round with a bundle of wires, with
seven ends coming out of one end
and six out of the other. They walk
up to the satellite with this bundle
andit doesnotfit. In that particular
loom alone there are about 2,500
ends;that is one side of one base of
the satellite. There are four major
loomsof that nature, soit is about
8,000 to 10,000 connections. All the
equipment has to be space-proven
and suitable for use in high vacuum.

 
Wehaveto build satellites in clean
conditions. What you see on the
slide on the next page aresatellites
in construction at Stevenage now.
We have two going through on
whatis effectively a productionline.
Twosatellites is a productionline,
out of a total of eight. These are
MARECS,the maritime ECS satel-
lites. On the left is a picture of a
clean room showing the MARECS
satellite being put together. It is a
development of OTS and being
used by the Post Offices. On the
right is another view of the
complexity inside the body.
Wehaveto look after the tempera-
ture of the satellite. Once it is in
spaceit is subjected to direct sun-
light on one side, and almost abso-
lute zero on the other, looking into
black space. So you haveto control
the thermal environmentinternally
by the use of thermal blankets,
heaters and special surfaces. The
surface which faces the sun has a
particular absorptivity / reflectivity
ratio to sunlight, so that the amountof sun falling on the surface and entering thesatellite istotally controlled, and the same applies on the other side whichis looking into space. So the
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surface of the satellite andall the equipmentin it has to be designed for a controlled tempera-
ture, which takes quite a lot of software and control.
The next slide showsthesolarcells.
This is the structure that hangs on
the side of an ECS or MARECS.
They span a total of about 50 feet
from tip to tip. On the one shown on
the slide there are 12,000 solar cells,
and the price for each cell was about
$20, so on that picture there is
about $% million of solar cells,
which is ☁expensive, but of course
the poweris free. On L-SAT, with
80,000 solarcells giving about7 kilo-
watts, the cost to us of the solar
cells is roughly $2 million, which is
another part of the cost.
There are some beautiful mechan-
isms inside satellites, and one
delightful device keeps the satellite
pointing at the earth accurately.
This is done by infra-red sensors
that look at the earth☂s edge. They
can either see the warmth of the
earth or the coldness of black
space. There are four of them, look-
ing at four points onthecircle. If the
satellite tilts, one of the sensorswill
see black space. It signals a central
microprocessor and says, ☜☁I can☂t
see the earth any more☂. The micro-
processor waits for a given time,
because it might be a temporary
perturbation, but if the sensor keeps
on saying, ☜☁I can☂t see the earth,☝ the microprocessorfinally says, ☁☁OK, | knowit☂s you.☝It then,
with pre-set programs, sends signals to four wheels. They weigh about 2 lbs each, and are
mountable magnetic wheels,totally frictionless in a vacuum. There are three of them, in each axis
of the satellite, and one spare at an angle. The microprocessorinstructs the wheels to spin. It
knows which onesto call up to spin. It might call one to spin for 4% seconds and anotherfor a
few seconds. What is happening hereis that the satellite feels inside its belly someelectrical
powerbeing converted into mechanical energy, and it has to conserve the angular momentum.
So whenit feels these little wheels spinning it has to correct because of the conservation of
angular momentum.It will shift one-hundredth of a degree, until the sensor sees the earth
coming back, whenit signals the microprocessor and everything stops. With the accuracythat
wewill need in the future we cannot depend on thermal views of the earth. They are good to
0.014 of a degree, which is the accuracy with which they can sense the earth. Wewill have to be
more accurate. We will have to point satellites to radio beacons on the ground. That costs
money, too, as you can imagine.

 
Wealsotest satellites in our Anechoic chamber.It is black and thesize of this room. It is sur-
rounded with radar-absorbent material, made by Plessey, which works from the VHF range up to
the gigahertz range. We can mounta satellite in the chamber and makesurethatits aerials are
working properly and that there is no electromagnetic interferencein the satellite. The chamber
costs £1 million, which is another price that hasto bepaid off. That is just a quick view of what
goes on at Stevenage at the moment.
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This slide shows a chart which gives you a better view of what is happening right now,at the
beginning of 1981. The OTSsatellite was launched in 1978. In April 1981, it comesto the end of
its formal trials and will be available
for users who wouldlike to try satel-
lite communications. We already
have several companies, including
oil companies and large multinat-
ional companies, who would like to
try videoconferencing and save
travel costs. We expectit to last for
another couple of years, but we are
not absolutely sure of that.
OTS wasa testsatellite which gave
us the opportunity to test in orbit
the various equipment that we are
nowputting into the sevensatellites
that we are building right now.

 
Let us look at the various satellite
coverages. OTS☂s coverage dia-
gram is of the shape shown on the
slide. Ithas a spot beam over Europe
and some Eurobeams that cover
muchlarger areas. The spot beam is
the onethatoffers the facilities that
| have mentioned, for trials by
people who want it via the Post
Office.
The next slide is a picture of our
ownstation which weare operating
via OTS at the moment. This is a
3% metre dish. Notice, regrettably,
that it is a Nippon antenna; in fact
we are going to changeit for an
Andrewsbecause weare going to
transmit from British Aerospace. It
is to our regret that there is no Brit-
ish manufacturer who can help us
there. We have talked to Plessey
and Marconi. Plessey and people
like them do not seem to be aware
or ready for this enormous market.
It does shame us to have to use a
Japanese antennaat British Aero-
space.

 

Weuse the dish at the momentto
take trials continuously. The French
put out newsevery nightto Algeria,
so we pick up French news at 6
o'clock. We have picked up someof
the Italian porn which has beenre-
transmitted via Turin. We get the amusingsightat night, around 7 o'clock, of a crowd of dedi-cated engineers standinginfrontofall this equipment. The dishis thesize of station that people

    



like youwill be using, about 3% metres. It arrived just before lunch a few months ago, and at 6
o'clock in the eveningit was on site and we were locked onto thesatellite. That is an indication of
whatyou can do with satellite communications: you can be online in half a day. Assembly of the
station did not start until about half-past one and we were locked on to OTSat about 6 o'clock,
and we have beeneversince.
Let us look at ECS. Thisis the follow on development of OTS. OTSwasthesatellite which told us
howto build things and how not to. We have had somefailures in OTS and we know whatcan go
wrong, butit is still working. We have now developed ECS,and wehavesold five of them to the
European Post Offices, under the auspices of EUTELSATwhichis centred in Paris. EUTELSATis
the international consortium of 17 European PTTs,whichis all the European nations plus Greece,
Turkey and Cyprus. They have recognised the potential profitability of buying satellites of this
nature, at roughly $30 million each because theseare small satellites. The intention is for launch
in 1982, and there will be four over the Equator, covering the entire European continent from
Turkey up to Norway, Greenland, Portugal, and North Africa. Already, the EUTELSATpeople
are forecasting that, depending on how muchtraffic they put through thesesatellites, they
should be saturated by about 1986 to 1987.
It is worth mentioning in passing
that it is our normal practice now to
build what wecall a ☜modular☝sat-
ellite. The righthandside ofthis slide
showshowthesatellite splits down
into effectively four main sections.
The bit in the middle is called the
bus ♥ the one with the tube going
down the middle. That is standard
for whatever satellite application
you are using. For ECSitis like that;
for MARECSitis like that. If we sell
a satellite to the Arabs, which we
may,it will looklike that. It contains
all the controls to keep thesatellite
stable and in orbit, and to getit into
orbit. Aboveit is the meccanolooking bit, which drops on to there and carries the payload. On
ECSthereis that great mass of antennae which| will show on the coverage diagram, and below it
all the communications equipment associated with that particular mission. That is the bit that
varies from mission to mission, and on eachsideare thesolarcell arrays.

 

ECSis relatively small, but you are already talking about 12,500 simultaneous telephonecircuits
plus two TV channels. 120 megabits per secondis the operationalrate of the transponders on the
satellite working with fairly large earth stations owned by the Post Offices in Europe. ECS can
carry 12 transponders; nine of them work in sunlight, three on standby, andfive in eclipse. | shall
not go into the geometryof the eclipse, but twice a year the satellite passes into the earth☂s
shadow andit lasts a maximum of 72 minutes. It peaks up over a two-weekperiod. During that
time you have to run on batteries for those 72 minutes, and youtryto position your satellite so
that the eclipse occursin the early hours of the morning. On the second stage of ECS we are now
makingit fully active in eclipse, which means carrying more batteries, which we can do. So ECS,
whichis a relatively small satellite, can already handle 12,500 two-waycircuits for Europe.

Theslide at the top of the next page showsthe coverage of ECS. Those antennaethat you saw inthe
drawing onthe right are designed to give spot beams offairly high powerdensity at the ground, the
major one being called Spot West(the one overcentral Europe). Italso covers the North Sea, whichis
of interest to the oil companies operating out of the North Sea and the North Atlantic. The Spot
Atlantic one does cover the Canaries, butit is very much a wasted beam. Spot Eastis mostof Eastern
Europe and the Mediterranean, Cyprus, Greece and Turkey. There is one Euro beam whichis a
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muchlarger beam, and becauseit is largerit is much weaker; butit is used mainly for Eurovision
transmissionof television from any country in Europe to any other country,via the Post Offices.

Whatweare aiming to do now,and
whatthe Post Offices have asked us
to do, is to add to our second ECS,
whichis in construction, a business
package. The Post Office an-
nounced this last week because
they recognise, finally, partly due to
our pokingtheir eyes out, that busi-
nesses do want communicationsvia
space. So weshall be carrying busi-
ness packages workingin a different
frequency for use with rooftop or
car-park antennae, from 1982.

Before ECS itself is launched, a
development of ECS ♥ MARECS
♥ is due to be launched at the end
of 1981. Two MARECSare sched-
uled and they are Maritime ECSs.
Wehavesold three of these to the
International Royal Marine Satellite
Organisation which is centred in
London. Its job in life is to provide
communications to and from ships.
About 70 nations are membersofit,
including the Russians and the Jap-
anese.It has ordered a development
of ECS with a particular antenna on
it. You can see from the top diagram
on the slide that the satellite is the
same shape as ECSexceptfor the
module that carries the antenna and
communications equipment.

MARECShasonelarge antenna to
coveroceans. If it were centred over
the east coast of Africa, as shownin
the slide, that would be the
coverage of a MARECSsatellite. In
fact the first MARECS satellite,
MARECSA,whichis due out of our
worksin a couple of weeks☂ time for
final tests in France, will be placed
at 26° west, which puts it over the
Atlantic. So the Atlantic traffic will
be covered by MARECS A. MAR-
ECS B, our secondone,will be right
roundthe othersideof the world, at
179° east, covering the Pacific. For
the moment the Indian Ocean will
be covered by the Americans. Then we have third one available as a spare. This gives
communicationsto ships carrying antennae only feet in diameter, fully stabilised because the
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ship rolls and pitches and the antenna has to go onlooking at thesatellite. It is a very small
antenna, with very poor performance; and because of this the number of channels that can be
handled is very limited. You remember that ECS could handle 12,500 telephone channels,
working into big, 15-metre Post Office stations. This satellite, which is identical, is working into
tiny antennaeonships.As result, it can handle only 35 channels. But these 35 channels mean
that one ocean can be shared between perhaps a thousand ships. Several hundred ships can
have on demandaccessto a channel, so that a ship can order a channel on demand. We are now
offering that service to the oil companiesin the North Sea. We expectthe typical waiting time for
a channel to be not much morethan twoor three minutes, andin the early days there will be no
waiting at all. But eventually the big satellites will take over.
Another development of ECSis the French Telecom 1 satellite, providing European and French
business services. With the exception of Telecom 1, British Aerospaceis the prime contractorfor
all the satellites | am talking about
today. Matra is the prime contractor
for Telecom 1, but it is based on
ECS:
Whatever the French say, Telecom
1 is a British Aerospace satellite.
This slide shows their drawing ofit,
and they have drawnit backto front
to make it less like ECS, but it is in
fact an ECS structure with their
own module on it. That is being
built by Matra to our design. The
French have charged ahead here.
The French have decidedto offer a
business system, for use into 3
metre antennae, mounted on roof-
tops and car parks, for the whole of
French industry. This slide shows
the coverage pattern, which covers
southern England too. Telecom 1
has a fairly high data rate of 25
megabits per second, worksin time 25 MB/S DATASTREAM
division multiplexes (whichisa fairly
complex wayof doing it), provides a
video channel, and has an EIRP (an
equivalent isotropic radiated power)
at the ground of 49 DBW (whichis
high) andit carries five active trans-
ponders,just like ECS.  In addition, the French have decided
to putin a global beam. You can see
on thefirst slide on the next page the Frenchintentions on Africa. They have covered the entire
African continent witha fairly low level beam, but nevertheless, there are three transponders
covering Africa. Telecom 1 will be the first active satellite available to the Africans forintra-
African telecommunications traffic. They have also thrown out a beam to north of South
America, to cover what was French Guiana. Quite right too. It means that the French have
communications to their own launchsite. But please remember, despite what the French say,
that Telecom 1is a British satellite.
So, we are now building the MARECSand the ECSs. MARECSis duefor launchatthe endofthis
year, and ECS4will be launchedin 1984. After that comesthe ☜☁large one☝, whichis the next test
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satellite for Europe. OTS wasthetest satellite whichled to the existing series. L-SAT,the ☜large
one☂, is coming into being now.

The second slide shows us what
L-SAT can provide. The most im-
pressive service that will affect the
public is direct broadcasttelevision.
Whenourfirst L-SAT goes into op-
eration, it will have a direct televi-
sion serviceto Italy, becausetheIta-
lians are very large contributors to
the L-SAT programme. They have
ordered one of our antennae to
pointat Italy, to provide direct tele-
vision over the Italian Peninsula.
But we have putin, in addition, a
steerable antenna fordirect televi-
sion. | have plotted out on theslide
the shapesthat thosetelevision pat-
terns will take. The British one is
that funny shape becauseit is not a
right shaped antenna, but it will
cover the UK, Holland, Belgium,
Luxembourg, Sweden, Denmark,
Spain, France, Germany ♥ in fact
every European country. The steer-
ing ability of the antenna is enough
to cover the whole of Europe.

 
Because of the powerthat we are
transmitting in that frequency of 12
gigahertz, you can receive the pic-
ture in an 80 cm. antenna, shown
on the front of that house, with a
very cheap receiver. The receiver
that we have at Stevenageis a little box which can stand ontopof your television set. The price
being talked about, again by the Japanese but hopefully by Plessey and others,is about $200 for
the antenna, its mount, and the television receiver adaptor which goesin front of your set.
Almostcertainly, television manufacturers will be building-in a front end on their sets to receive
direct television.

GassReaCae

This will have some massive effects on Europe generally, because automatically thereis a spill-
over from one country into another. You cannot design any antennanotto overspill. If you try to
meeta particular multinationally agreed pattern, then there has to be a spin-off. It meansthatif
you lookat thatellipse thatis spilling into south east England there, which| think is the Dutch
beam,thatis effectively the size of the beam for Holland in which you could receive with an 80
cm. dish. If you live in Edinburgh, the signalis certainly weaker, but if you put up a 1% metre
dish, which is not much bigger, you could pick up Dutchtelevision. Equally, you see the size of
the Italian beam: that could be picked up with a 1 metre antenna. Equally, British television pro-
grammescanbepicked up in Spain. You can imagine the social concernthat is going on at the
momentaboutthe Spanish picking up Swedishtelevision, and about the British picking up the
nightly material from Rome. There are 600 stations operating in Italy at the moment, pouring out
the amateur material ♥ andit will all be available in Britain. We had the BBC uponly a few weeks
ago and they werefilming our owntelevision set. We had the French news on and then some
other French programme. They were quite happy, and they stoppedfilming. ThentheItalians
came on next, transmitting the most gorgeousbit of porn, but the BBC people had run out of

   
 



film. They wrung their hands in despair, and we were delighted because Mary Whitehousedid
not see what cameover that evening. But people like that will get very concerned.
Thenthere is the problem of advertising. For instance, Belgium has no advertising, butit will get
it. The Luxembourgians are suddenly given thepossiblity of increasing their coverage from their
little town of 100,000 people to 10 million viewers. So there is real money involved, and the adver-
tisers are having orgasmsover what is going to comein Europe,and the multinational advertising
agencies are already beginning to design advertising programmeswhich are multinational and
have minimum language content. So that will have a tremendouseffect, but it is only one aspect
of whata large satellite can do.
Here is what the large satellite can
do for the Post Offices of Europe. It
is not dissimilar to what we can do
with ECS, except that here we have
donetypically four beams, working
in the frequencies in which we are
already working. This is for inter-
national exchange between large
antennae in the capital cities and
main provincial cities of each of the
membernations. You can see the
coverage, again with a big Euro
beam for television for subsequent
surface broadcast. Giantsoaraene
Also, within L-SAT we can add an
overlay of the very high new fre-
quencies which weare testing on
L-SAT1, in the 20 and 30 gigahertz
range. Wearelimited in bandwidth
down in the 11 and 12 gigahertz
range becauseofinterference with
ground systems. In the 20 to 30
gigahertz range, we are muchless
limited and have much wider band-
width. Using part of the 20 to 30
gigahertz range, we can handle 4
gigabits per second, working into
large stations, whichis a very large
capacity. So that is what L-SAT can
do and will be planning to do, to
replace the ECS satellites in 1986/
1987.
 

Thefirst slide on the next page shows an L-SAT beam configurationthattheItalians are interested
in. You probably know whattheItalian telephonesystemis like. They have decided that it would
probably be worthwhile to overlay the entire system with what wecall ☜national intercity☂. The
slide attempts to showthatfor national, high density trunk telephony, you can concentrate beams
on to your majorcities, and because ofthesize ofsatellite and because you are working in very
high frequencies you can produce beamsas small as 150 kilometres in diameter.

The otherthing thatthe large satellite can do is provide communications to/from mobiles. We have
already talked aboutships, and thatwill continue. The secondslide on the next page is a more accu-
rate picture, and up on the bridgeofthe shipto theleft of the arrowyou cansee thesizeofantennathat
will be mounted on the ship. The aviation industry is not really interested, despite their rotten
communications oncethey are out of reach of VHF; they do not want to spend money. Butit will
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come;wewill force them to take it. But the people whoreally want the service are the interna-
tional truck lines. They are fascinated by it, and they have shown us how muchthey cansaveif
they can communicate with truck
drivers going from, say, Sweden to
Saudi Arabia. They need to know
wherethetruck is and whenit is due
to arrive. If they can tell the
customerthe exactdate ofarrival of
that truck, he can organise all his
lifting gear and not haveit waiting
for a week. They can divert trucks,
as ships already do, to pick up
loads. They can be in constant
communication with the trucks.
Now wecanprovidethatservice. It
is bad enough on ship, but you
can imaginethe sort of antenna you
can mount on a truck. It is even
worse.It is avery poor antenna. But
wethink that we can handle beams
that would cover several thousand
trucks.

Once you are in the large satellite
range you can cover manyservices,
such as those shown on the next
slide for Africa. This is a situation
where weshowtypically the sort of
beams that might be required for
the African continent. There is a
mass of communication in the West For merchant and
African region. There is a mass of international trucki
communication in the East African
region. The two donottalk to each
other. The onlylink between them is
a microwavelink through Zaire, and
that broke downin 1978. There is no
east-west communication. You
cannot get to the telecommuni-
cations link in Zaire because they
run on diesels, and you have to get
fuel to the diesels. The 20,000 kilo-
metres of road in 1972 is now down
to 7,000 kilometres, because they
are overgrown. They just cannot
keep a microwavelink going. In this
case we would suggest an overall
beam for east-west communica-
tions in Africa, with high density
beams working into small stations
all over East Africa andall over West
Africa.  
Let me cometo whatreally is most fascinating and moreinteresting to you ♥cial Services. Here youare talking about businessto business, car park to ca Specialised Comer-
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rooftop. Already, because of people to whom wehave spoken and because of the imminence of
the service, the Daily Telegraph, whoare putting up a new building in London, are designing their
roof to carry their own 3 metre
antenna. Several other companies
are designing the same thing for
London. People are preparing
spaces for those sort of antennae in
car parks.
We are now talking about an antenna
of the size that | showed you outside
our building in Stevenage ♥ 3%
metres. The sort of coverage that we
can provide is shown ontheright-
handside of this slide. We are now
talking about communications that
are independent of distance. In any
of those beamsthereis interconnec-
tivity in the satellite. It acts as a tele-
phone exchange. Soif you are in Scotland and you wantto talk to Athens, you can: up tothesatel-
lite, across the switch, and downto the beamthatis going downto Athens.If you are in Edinburgh
and you wanttotalk to Bristol, you can: up one beam and,in that case, down another. Weare talk-
ing about independence of distance here. Weare talking about the essence of space communi-
cations, which is the messagethat weare trying to get across ♥ theflexibility of a system like this.
Onceyouget thatstation in, on site ♥ and it can be done quickly,it can be put in on the back of a
truck in a day by the Post Office ♥ you then havetheflexibility ofall of the bandwidthof that satel-
lite that you wishto use.In other words, if you wish, you can have a video conferencein the morn-
ing, using say 8 megabits which you pay for, for a couple of hours. You then do not require that
bandwidth any more and yourevert to, say, 24 telephone channels. In the afternoon you may want
some data. Theflexibility that comes once youare online is what matters and the speed at which
you can doit.

 
Equally, if you have a multidrop requirement (for example where you have manybuildings that
belong to yourorganisation), and you wantto transmit a lot of data to each site ♥ if each site has a
groundstation, you multidrop by broadcasting. You can set up a mesh network, you canset up a
star network, you can set up point-to-point connections, quickly, and you can change them
quickly. If you are in a nasty situation and have to shut down somefactories, you do not waste the
moneythat waslaid outin bringing your widebandterrestriallink to your premises ♥ youjustdrive
the antenna away.
This is where wethinkit will have a
significant impact ♥ Specialised
Commercial Services. Typically the
L-SAT can offer a pattern like the
one shownonthis slide. We show
here how we re-use frequencies,
because weare short of frequencies.
Those circles with ☜F1☝ in them
represent a sub-frequency which we
can re-use five times, because any-
body within one of those beams
cannot see anybodyelsein a similar
beam becauseheis too far away. So
wecan re-use frequencies time and
time again. With the limited band-
width wecan handle 1% gigabits in that situation, working into small stations, 3 metres diameter.
Thatis the sort of service that will becomeavailable by the mid-☂80s by L-SAT, round about 1987-88.
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The nextslide gives you an idea of whatthesatellite lookslike at the top of the rocket. We spenda
lot of time looking at theinstallation of a satellite in, say, the Ariane rocket, whichis the prime
rocket in which weintend to launch
the satellites. This gives you an idea
of the antenna designer☂s problems.
It is not much of a problem. You can
either have antennae mountedrigid-
ly on the front of the satellite, inside
it, or you can play with them and
erect them once you are in space.  

This is a more accurate picture of
what | wastalking about earlier ♥
Italy. Becauseofthesizeofthe satel-
lite and the frequency at which you
are working, we can put antennae
on that give you beamsthat small.
This beam pattern is not trying to
cover the country, butit is coupling
Turin to Bologna, to Ancona, to
Rome,to Naples. Here we can han-
dle 6 gigabits, which is several hun-
dred thousand telephone circuits
across Europe. This has been re-
quired by Telespatzia which is an
Italian organisation. They want
about 150,000 circuits. We can offer
through the two antennae nearly
200,000 circuits, plus of course the
use of slow scan TV, data, telex,
and high speed TV, by using an
appropriate number of channels.
That can be squeezed into Ariane.

On this slide you can see much
larger antennae ♥ this one is about
4 metres in diameter. But we shall
be making antennae that can be
squashedupinsidethesatellite and
inside the rocket. After the rocket
loses its nose, the antennae can be
erected in space. The antenna
design is a fascinating problem.

The otherthing that wecanofferis
multinational television. On theslide
at the top of the next page we have
drawn two beams,onefor Switzer-
land and one for Luxembourg. The
smaller the nation the more power
you can pourinto that small area,
and in something of L-SAT size we
can carry enough transponders to
give two servicesto two separate na-
tions, thatis five channelsper nation. Thatgives you anindication of the interference that willoccurbetween twonations, between Switzerland and Luxembourg. You can imagine overlaying those
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oneach other; and you can see whatcanbepicked upin the United Kingdom withlarger antennae.
A little mark, called a 6dB/k contour on the map, showsyouthelimit of where you can accept the
signal to an 80 cm. dish. As you go out across the pattern a larger andlarger dish will give you the
same picture, but you will get more
and moreinterference.
The next slide showsa way out thing
that we can do, butthis is for the late
☁80s and early ☁90s because we have
not donethe antennadesignforthis
yet. But what you canoffer here with
anL-SATis acapacity of 15gigabits.
Now weare talking about half a
million telephonecircuits across the
whole of Europe; by using large
antennae on thesatellite, by re-using
frequencies time and time again, and
working into 6 metre earth stations,
thatis the sort of coverage you could
put over the whole of Europe, and in
fact we haveparticularly covered the
North Sea.
Thethird slide on this page shows a
slightly more way out antenna. It is
the largest antenna that we have
thought about, whichis 15 metresin
diameter and working at a lower
frequency. Because of the size of
the antenna and the frequenciesal-
located, we can workinto land mo-
biles.
Theslide at the top of the next page
showsa typical layout to cover the
whole of France, with sound broad-
cast and with land mobiles. With
that size of antenna andthesize of
L-SAT, about a thousand trucks
could be coveredin that area. Thatis
not good enough at the moment,
but itis the way that we are working.
It is probably worth mentioning
whatyou haveto doto get the satel-
lites up. We are talking about the
geosynchronousorbit. The second
slide on the next page shows the
typical processofinjection into geo-
synchronousorbit, launching into
whatis a circular orbit, above the
Equator, at 22,000 milesaltitude,in-
jecting thesatellite with the central
apogee motor whichlives inside a
central tube, de-spinningit, because
it is spun to keepit stable; whenit is
de-spun erecting the arrays of solar
cells; getting the attitude right by 
  



using gas; getting the station right; and thensliding round the orbit by going slightly above or
slightly below. If you are at exactly 22,000, you will circle the earth once every 24 hours and
remain stationary to an observer. If
you are below 22,000 you run too
fast, and if you are above you will
run late. So that whereveryoufinish
up with your rocket in orbit, you
then go up or downjust a few dozen
kilometres. You slide round the
orbit, runninglate orearly, until you
get your station. At the moment you
get your station, youfire into orbit
and then stop. From there on you
use yourgas to keep youin orbit.

That is 22,000 miles, and that is
where misconceptions abound.

Ariane is the European rocket
mainly driven by the French. We
make large numbersofparts ofit,
but it is essentially a French rocket.
This is a picture of it on its launch
pad at Koufou, in French Guiana.
They have had some lousy luck.
Number one went off perfectly.
Actually it was not perfect. Looking
back at the telemetry records of the
motors, there were somefairly ser-
ious vibrations seen in the gas pres-
sure in one of the motors during
that launch; but in the euphoria of eed
the momentthe reaction was, ☜Who r
cares?It workedlike a dream☂? How-
ever, Ariane number two blew up
because of the same problem. They
had a combustion instability. They
now havea nightmare of trying to
stop a combustioninstability in their
engines, and they delayed the next
launch. This is worrying the insurers
somewhat becausethe successrate
of Ariane is only 50% at the
moment.

SYNCHRONOUS OREIT OPERATIONS

Nevertheless, we intend to launch
an Arianeif we can becauseit takes
us to 22,000 miles altitude.
The idea is that you stuff your satel-
lite up into the nose cone. The aim
of Arianeis to take satellites weigh-
ing up to 3 tons, which is an L-SAT
mass, to 22,000 miles and get you
into synchronousorbit. Thetypicalcostfora total launch is $40 million, whichi: . is nota large sum,looking at whatit led to.

 

 



Itis said that shuttle will be more economic. It is built by Rockwell in California andit is a gigantic,
complicated beast whichwill work eventually.It is having terrible problems at the moment with
its thermal transfer. It will be carrying all sorts of payloads.
This slide showsan artist☂s impression of the shuttle, carrying Space Lab (whichis built in
Europe), and behindit all the experiments that are subjected to the outer vacuum of space. We
build the equipmentthatlives at the
back. The problem with shuttle is
that it goes to only 300 milesalti-
tude. If you take up a satellite of
L-SATsize, you haveto carry with
you another big rocket motor. You
have to shunt the thing out of
shuttle, and then light up and get
out of the way quickly, to get this
thing from 300 miles to 22,000
miles. In addition, you haveto carry
up with youall the test gear that you
would normally have on the ground.
Wehavealwaystalked about ground
support equipment, we are now
having to talk about space support
equipment. Obviously when you are
preparinga satellite for launchit has to be right. This means a massoftest gear. So that when you
dofire via shuttle you must make allowanceforthe costofall the extra equipment that you must
carry, and the rocket motorwhichis lost. When you do the sumsyoufind that Ariane and shuttle
are roughly the sameprice. Eventually shuttle may be cheaper, but we aim to operate out of both,
preferably with Ariane.

 
L-SATis the end of a developmentline so far, starting with OTS whichis available soon, ECS)
MARECS,Telecom 1, andinto the next series oftest satellites. This will give us test transmis-
sions to Europe fortelevision, to Italy and television; very high frequency communications for
Italy; and propagation experiments in the high frequencies.
Andthis leads to the essenceof the
whole requirement: business com-
munications via space.
To summarise,it gives you the flexi-
bility; the variable bandwidth on
demand. Once you are online you
can have a bandwidthofa few kilo-
hertz up to megabits. You can have
a flexible network on demand where
yourstations are. You can go point-
to-point; you can build up a mesh
network, a star network, or you can
broadcast multidrop.

 
Installation time is literally a day.
The PostOffice right now are ordering somestations from Ferranti for use with our ECS satellites
whentheyare launchedin 1982. They will be mobile, on the back of a truck. Theoretically, poten-
tially, you can order them from the Post Office nowfortrials with the ECS. They should be on-site
and online with thesatellite in a day.
The economics are independent ofdistance. It should save money, but that depends on who
ownsthe system. But we have got the message across to the Post Office that it should be
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charged economically. The charging is proportional to your usage, not to the distance. The
quality via satellite is not dependent on wet, noisy, mechanical switches, or even electronic
solid state switches. That is the message of satellite communications as it exists in Europe
today.

  



SESSION D

AN INTRODUCTION
TO SPATIAL DATA MANAGEMENT

Professor Nicholas Negroponte,
MassachusettsInstitute of Technology

Professor Nicholas Negroponte is Professor in the Department of Architecture at Massa-
chusetts Institute of Technology. He holds both bachelor and master degrees in Architecture
from MIT. Since receiving his degrees he has been responsible for undertaking and also super-
vising a wide range of research activities concerned with the use of technology in graphicsofall
kinds. Among his major presentations are ones on the future of television, computers in
architecture, spatial data management and the human interface. He is also the author of a
number of books and papers concerned notonly with spatial data management, but also with
the use of computer techniques in architecture and urban design.

There is some misrepresentation in the title of my session in that Spatial Data Managementis
the name ofoneproject that we do in our laboratory and all of our projects are a big, fat excuse
to work on the humaninterface.. Spatial Data Management, which wecall SDMS,is certainly
our most comprehensiveandlargest system and| will show it to you in gory detail. But before|
do that, | should like to show you other things that are going on. | want to give you a slightly
broader panoramathan just that one application of an area of study that, as recently as three or
four years ago, people thought was cissy stuff. They thought it was not the real world of
computerscience, but was soft and notparticularly germane. lam talking about topics such as
computer graphics, voice synthesis, all of the stuff at the interface between people and
machines, which wastolerated but was not thought to be important. Today, fouror five years
later, people are realising that in somesenseit is the whole ball game andthatit is an area that
has been ignored for too long.
| have a story which, by analogy,is quite telling. If you do not believe me, you cantry this
yourself. Go to a department store and watch people select hand calculators. Hand calculators
are rather interesting, because for between $6 and $12 you can buy a calculator that adds, sub-
tracts, multiplies, divides, and does the per cent sign work. Some of them have memory, but
most people do not even know howto usethat, so the price from $6 to $12 is your basic
calculator. There are usually up to two dozenof those for sale on a counter.

If you watch people select these, it is an interesting process. They will pick up the hand
calculator, hit a few keys, and set it down. They will go to the next hand calculator, hit a few
keys, and set it down. Finally, they will make a choice and theywill buy one. You wonder why,
and there are usually twocriteria: the first is the feel of the keyboard. Thatis really very impor-
tant. The second has to do with appearance. Thereare two parts to that. Oneis the readability
and the nature of the display, and the otheris the thing itself. There are thin ones and fat ones
and so on. Nowtheyevenofferfringe benefits: theytell you the time and do otherthings. Butit
has nothing to do with the function of the calculator.

What has happenedin the calculator marketis that the function of calculation has been reduced
to such a low cost that whatyouareselling people is the interface; and whenyousell people the
interface youare, all of a sudden, selling them something very subjective. One person says,
☜This keyboard feels great,☂☂ and anothersays, ☜No,this oneis better.☝ They are both right.
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| think that there is a message here for computer manufacturers, that in maybefive orten years
from now ♥ it does not matter which, the differenceis insignificant ♥ that is what will happen
with computers. People will be buying only the interface with the computing system, and the
number of mips or bytes, or the numberof gigabytes of secondary storage will be something
betweenirrelevant and meaninglessin the process of selecting a computing system. Peoplewill
sit downin front of terminals, where there are terminals to be seen, and say, ☁Yes, that feels
good☂☂. Managers will buy them because they will say, ☜Yes, that looks good.| will be very
happy to have that on my desk☝. If you talk to manufacturers and tell them thingslike that, they
think you are absolutely nuts to be worrying about the appearanceof a terminal. Butit is things
like that which are becomingincreasingly important.
| shall do four things this afternoon. First, | should like to position a new area that weare trying
to start at MIT, which is my ownpetproject and what | do most of the time now. Secondly,|
should like to show you a handful of experiments that have to do with different styles of
interaction and modesof presentation; things that | hope you have not seen before. Thirdly, |
will show and describe the evolution of the Spatial Data Management System. Finally, the piece
de resistance of this presentation, | will show you some of our latest work which combines
speech recognition and gesture recognition.
This is probably, intellectually, the
mostimportantslide | have with me.
What| am tryingto dohereis to de-
scribe three industries: the publish-
ing industry, the broadcast indus-
try, and the computerindustry, and
show areas of intersection. There
are obvious couplings between
print and computers that have been
going on for years, and other coup-
lings; but there is very little at the
centre, at that white triangle. There
is very little intellectual activity in
that area. Worse, from my point of
view,there are very few people who
are trained in that area. It is a previ-
ously very well-formed compartment, with very well-formedintellectual pursuits. People havetheir own journals, their own conferences,their own technical communities whichreally do notoverlap very much.
| am very interested in the white tri-
angle because| think that whatwill
happen over the next few yearsis
thatit will look somethinglike that.
It will get bigger and bigger; and the
boundaries that separate those in-
tellectual domains will start to dis-
appear.
There are some good examples of
whatis happening, say, in the area
of Prestel. It is a publishing medium.
It uses the video domain, andit is
certainly a computer resource. So
Prestel is a specific example and
lives right in that white triangle. |
will argue later that optical video-
discs are another excellent example that are at the intersection of publishing,

 
broadcast and

 



computers. But what really worries me is that the style of thinking of these people is very
different and they cometo problemslike Prestel and optical videodiscs with very different back-
grounds and, in some cases, prejudices which are almost dormant and subconscious. It is an
area that we wouldlike to fill and we affectionately call it ☜Media Technology☝.

Let me show you half a dozen small projects that have been going on overthe past three or four
years, which have to do with the stuff that separates people from machines.| should like to start
with touch sensitive displays, partly because we have been working with them for at least six
years now, looking at different ways of doing it and looking at different technologies for
achieving touch sensitivity on a display.

Whenwestarted doing that we founda real misconception. We found people who had done
some work in this area, who assumedthat the finger as a graphical stylus of some sort was a
very low resolution device ♥ ratherlike writing a postcard with a cigar. Thatis not true. It turns
out that it is a very high-resolution input device. Admittedly, at a couple of stages you might
touch the screen, but if you use your finger very gently you can position a cursor with greater
accuracy than any CRTcandisplayit. In fact you have a very high-resolution input medium.

Wethought that we would explore that, and people posed questions about whyit was so good.
Fingers turn out to be very good. They have a coupleof properties that are interesting. Oneis
that you do not have to pick them up. You type away,and you point, and you type: it is an input
device that is with you all the time. Another thing is that you have 10 of them.

With 10 of them thereare certain things that you can do that you cannot do with other graphical
input media. The area of multiple fingers is one on which wearestill working. There are a
numberof ways of doing it andit is rather interesting.

At this point | should like to share with you as mucha style of thinking, or at least what drives
ourlaboratory, as showing you a project. When we were working on touch sensitive displays
we found that the coefficient of friction between your finger and glass, if glass was the
substrate that you were touching, was suchthatthere wasjusta little too muchfriction for you
to draw with your finger. You get an effect that precludes freely using your finger to draw ona
CRI

Weturned that ☁☁bug☂☂ into a fea-
ture. We made a pressure sensitive
display. We thought that it would
be interesting if you could not only
touch the display but introduce
forces on the face panel, and inter-
act with a model; and when you
touched the screen you could pick
up forces in the plane of the screen
and in the Z axis, basically getting
five degrees of freedom.

The arrow on theslide represents
the direction in which heis pushing;
its length is how hard heis pushing;
and the sides of the square repre-
sent how hard heis pushing in on the screen; the XY locationis at thetail of that arrow.| offer
this as an example of the kinds of projects that we do.

 
It turned out that this was useful for virtual face panels. There are a lot of industries which have
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a need forvirtual face panels of onesort or another, because they haverun out of real estate.
There is no more room forthe dials and knobs. With your average oscilloscope youeither have
to poke at the knobs with tweezers
or havevery tiny fingers these days,
because there are too many knobs
and buttons. So people are inter-
ested in ☁☁soft☂☂ face panels, ones
where the right knobs and dials
comeupfor the occasion. But they
tend to be rather unpleasantto use;
the feel of those things is just not
there. People like grabbing that
knob, turning it and feeling it go
☜click, click☂, and watching the
numbers. Sight, sound and touch
are all wrappedinto how the person
interacts with that control panel in
that example of an oscilloscope.

Let me show you a movie. All this movie showsis what| just showedyouinslides, in operation.This is to show you X. X is the horizontal, Y is the vertical, and Z is the force into the screen. Zcannot go negative. We havefigured out how since, but at the time Z could not go negative andthat is what is being shownhere. The nature of our laboratory is such that webuild things andall they have to do is to work once. This wascertainly one of thosecases.In fact this particularmachine was stepped on in a moverecently, and no longer exists.
This is a torque around a Z-axis which you can see down below. What happensis that you canfeed back to the user physical properties that would otherwise be unavailable to both you andhim ♥ you as a programmeror designer of a system. Thearrowis the direction in which heispushing and with the size of the square here, you can track it over time; he pushesa point andthe area he pushesjust follows. This is great for the games market!
This next one was the most important and goes by very fast. When he touches an object hepushesit, but the physical properties of that object now canbefed back to him. Ifit is a heavyobject moving on a surface with a high coefficient of friction, then it would be hard for him topush. If it was a ping pong ball on a sheet of ice, he would just need to touchit. You can feedback physical properties to the user becauseit is harder for him to push. In this case our sponsorwasmilitary, and this is our token militarism. The numberofbullets is how hard you push and soon. | wasvery disappointed in the programmer whodid this becausethe ducks did not evenfallover.
The next oneis equally important. It is the feel of the knob. There was a soundtrackto this andthe machineliterally went, ☜click, click, click☂ as you turned it. Youstart to get a feel for thatknob or that square moving across, in a veryliteral sense. (End of movie.)
It is amusing andit is nice to talk aboutit, but there is a real messagethere that has to do withactually giving people a sensory involvement with the display that is significantly richer thanwhat weare accustomed to. As problemsthat wetackle with computer systems become moreand more sophisticated, we will need interfaces that are equally more sophisticated in thesensory domain. | am not trying to argue that we have been incompetentin our modelling andour simulation, but | think that the incompetence and tragedy has been that we have dealt withcomputer systems that are parsimoniousat best in terms of how they interact with people.
| ought to digress for a moment to give you a brief station identification. We were an oldcomputeraided design group in the School of Architecture and Planning. Westarted in 1966.Around 1970, computeraided design was a bad joke. It was not computeraided designatall.

 

  



Designers would not touch the stuff. Wefelt that the problem was that there wasanintrinsic
incompatibility with the early design stages and what people had as computer systemsavailable
to them. We were much moreinterested in the human interface and trying to make that a
subtle, smooth and creative place to be. In 1972, we madea decision which everybody thought
was foolish: we movedall of our vector graphics into what is now commonly called ☁frame
buffers☂☂ and we raster scanned displays. One of the reasonsthat wedid that wastostay in the
television domain. There are a lot of reasons to stay in the television domain which will
enumeratelater, but all of our colleagues ♥ someof themstill today ♥ said, ☜That's silly,
becausetelevision doesn☂t have enoughresolution. You can☂t usetelevision properly because of
its lack of resolution☂.

Thatis a lot☂of nonsense, and it comes from the fact that people have not looked at it in the right
way.| think that everybodywill agree that a common denominatorof Prestel, Telidon, Ceefax
andall the others is absolutely ghastly text. It is so ghastly that it is absolutely inhuman tosit
down and read a Prestel display. In fact in the United States it should be an OSHA (Occu-
pational Safety and Hazard Administration) violation. It is an offence to ask people to sit down
and look at those fonts.

So wedecided to lookatfonts diffe-
rently. This slide shows a standard Clarendon30<36- =
525line television display with 3 size peceeenoroneius
fonts displayed in front of you. .WYZ abcdefghijklmnopqrstuy w

 

These fonts are not the greatest but XyZ 1234567890
they are pretty good. Theyare bet- . aS aclarendon20x20 ABCDEFGHIJELMNOPGRS
ter than you have ever seen before, TUVWXYZ abedefghijkimnopqrsstuvwxyz
and they are worse onthisslide than 1259067800 aS

i j i = jarendon.ate 37:
they are In reality. One of the things ABCDEPGHIIKLMNOPaRSTUVWXYZ abedelghijkimna
that we cannot do is the gamma = parstuvwxyx 1zsase7890 : 2
curve and our slide reproduction
equipment does not quite reflect
what is on the monitor. This is a
colour monitor displaying black and
white text. We can get up to 125
charactersperline andit is still per-
fectly readable. There are sometricks and some caveats. | do not wantto gointo all that, butlet
me show you howit is done. What| should like to impress upon youis that no geniuses have
been working on this. Three people worked onthis project. One of them wasa professional
graphic designer, in fact a typographer; one was a broadcast engineer; and the other was a
computer scientist. Jointly, those three people came up with a simple and stunning idea. That
was that you can do something on television that you cannot do on paper: you can trade off
acuity for resolution. You can introduce purposeful blurriness in the definition of a character
and the net result would be a higher perceived resolution.

 

Thatis parodoxical, but it works. | will prove it by example. If you do not believe that, you will
have to come to MIT. To me,theinteresting part of thatis that the way of thinking about the
problem wasvery different. Let me talk about the computer graphics community. | can be rude
aboutthat because | am partof it. People came to the problem thinking squarewaves. They are
squarewave thinkers. They like crisp edges. They like ones and zeros to have sharp rises and
falls. Television hates that. It is exactly whattelevision does not want.

If you introducein the definition of a character purposefulgrey tones ♥ take this ☁☁O☂☂ shown on the
next slide ♥ thisis what our ☁☂Q☝☂ lookslike on the computer. If | had madeaslide and shown youthat
blown up fullsize, that funnylittle atray of greys, you probably would noteven have recognised itas
a☝Q☂", Butin its actual size downhereit is a beautiful "Q"". Itis gorgeous.It does not scintillate; it
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getsrid ofall the artefacts of television. The way it was done wasto lookat the ☜Q☝ in terms ofa
sampling theoryinstead of character matrix and introduce grey tones, not one-to-one,butlet us
assumefor the sake of brevity that
the grey toneis reflected by the per-
centage of coverageof that area.      
This is not absolutely new. People
have beentrying to dothis for vec-
tors, and there is a long historyofit.
It turns out to be quite fantastic for
characters. In the horizontal direc-
tion it lowers the bandwidth of the
signal because you do not go from
black to white; in the vertical direc-
tion it gets rid of scintillation be-
causeevery part of each characteris
in both interlaces. So you get a
pretty nice character. These fuzzy
greys do different thingsin different
directions. It is a small piece of work but, again, it is an example ofthe kinds of things that we
do to try to pay attention to the quality of that interface.

   
      

 

| believe that, as people start using managementinformation systems, you will find a new classof users. This will also be true in homes, with children, who will not tolerate the junk that ourcomputer programmers have been tolerating, who are much more amenable as they see theadvantagesin a different perspective. We are nowgetting to a point ♥ maybenotthis year butvery soon ♥ whenusers will be distinctly concerned about the quality of displays and thecomfort of using a system. This sort of thing will surface as a very serious problem.
| will not dwell on these, but it works
for colour, andit works for the Jap-
anese. This slide shows someof the
Japanese fonts showing the grey
tone.
Whatis shownonthefirst slide on
the next page is much older. There
was a memorecently that wedistri-
buted amongst our various friends
in the ARPA community called
☜Don☂t throw away the message
with the media☂. It was a plea for
paperand to go backto look care-
fully at some of the qualities that
paper had before we discarded it
completely. Not that we should go back to doing everything on paper, but let us look at some ofthe messagesandsignals that are on paper. When yougeta letter and there are twocreasesinit, you know thatit has probably comein an envelope, through the mail. So you have a coupleof bits of information there, namely it came through the mail.

 
Youcan look at other things. Annotations on paper are a wonderful example. When you makeannotationsandyoufile a paper documentandretrieveit, it turns out that whatyoureally lookat more frequently is the annotations than the documentitself. You can tell something aboutthe reading habits or the occasion, from a whisky stain versus a coffee stain on the piece ofpaper. If you have evertried to uncrumple letter to putit in a file, it is pretty hard to do; andthat tells you something again.
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Welooked at this problem in relation to terminals which scroll text. In reading text that scrolls
whetherit scrolls and then you read it, or whether you try to readit as it is scrolling, you
really tend to have no sense of
place, and you do not know where
you are vis-a-vis the whole. Yet
when you buy a cheap paperback
book and you read it, you have a
random access medium which has
built into it a wonderful sense of
place. When you are reading the
book you can tell whetheryou are at
the beginning or the end because
the pages that you haveread are in
your left hand and the ones to go
are in your right hand, so you know
where you are. A pageis in fact a
syntactical chunk that should not be
discarded as carelessly as we seem
to have doneit. Frequently in lan-
guage you will say, ☁☂l received a three-page memorandum from so-and-so☝, and that means
something to the person youare talking to.

 
So we decided that maybe whatwe could do in text and characterdisplays is to reintroduce the
page as a primary chunk,or at least as a modular page. Weintroduceda little bit of animation,
which youwill see in the next film, where the next page actually followsit.It flips by, it does not
scroll by, but you get a page 1 that is revealed, and then you get your second page. This
happens smoothly and floats by, and you see page after page.

Weare not very good at doing any psychological testing that would validate this as the right
way to display text, but again it is an attitude to the problem,at least to try to be concerned
about things like this. Whether or not you agree with the solution is in some sense less impor-
tant than agreeing that the area needs some work.
Another project we haveis to look at television as a display medium for books without pages.
Asyoustart getting a lot of storage capacity in your home ♥ | am thinking of videodiscs ♥ and
as you start getting computing capacity, how can you best use a standard 525-line television
economically andstill come up with reasonable images?

The map shownonthisslide is a
standard television image and the
memory bit-map is being used to
support this. We lookedat this pic-
ture in a very different way from the
way that anybody had ever looked
at image compression before, by
basically doing the opposite oftele-
vision. For those of you familiar
with television technology, you will
know that most of the bandwidthis
an illuminant signal and then a small
amount of bandwidth is overlaid
and applied to the two colour com-
ponents.

 
Here we have sampledthis picture and taken something that approximates a three-dimensional
histogram of the population of colours in the colour space. We have 2¥ colours but we want
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to pick 2☂ or 28 that are the most indigenous tothis picture, and use those, hence reducing our
memory from 2% to 2☂ or 28. This works quite effectively. In fact we have not encountered a
picture that needs more than 2° colours, and it has worked quite successfully. It works for maps
and a lot of other things.
Another area that we work onis printing colour hard copy from computer systems. This is
motivated from a numberofdifferent directions. First, we would like to work morein coloursoft
copy. Thereis a story that | used totell a lot. It is about the Xerox Corporation, and then| heard
themtell it publicly and | thought maybe| had better stoptellingit.
Wegot what| think wasthe first or the second Xerox 6500 colour copier. At the time that Xerox
put this colour copier on the market they could not lease them, and they could notsell them of
course. They went back and asked themselves why they could notsell a colour copier. Theanswerwassimple: in the world of business there is no colour copy to copy. Then they puzzled
and asked themselves, ☜Whyis there no colour copy to copy?☝ Obviously one of the majorreasons is because of Xerox. That is being hoist with your ownpetard, in the sensethat theirtechnology has contributed greatly to making the world of business practice very much a blackand white world. There is indeed very little colour copy to copy andverylittle justification tohave a colour copier.

Then they inventeda slide adaptor because there were a lot of colourslides to print, and so on.Having said that, it is clear that people are working more and more online. | agree with thecomment that people are getting much more comfortable at typing and working in front ofdisplays. Whatis alsoclear is that these displays in a few yearswill all be colour; it will not be inanybody'sinterest to install a black and white display. A few years beyondthatit will probablybe more expensive to put in a black and white display, because youwill have to buyit from anantique dealer. Basically people will have high-resolution shadow-maskdisplaysin all of theirterminals, and whetherit is five years or ten years from now doesnot matter.
But whenyou workin colour soft copy, if you want to go out on

a

futuristic limb, you can arguethat you will not need any hard copy whatsoever; and that wewill come up with flat panel, thin,flexible, waterproof displays that can be used in the shower. Maybethatis the case, but in-between,and for various reasons,to take it seriously and really work in colour you need colourhard copy. Ourproject started way back when we got the copier. We can now producedirectXerox originals that come directly out of the system, not with a laser but with a CRT. This waswork done under contract to Xerox. They Promptly wentoff and did exactly the opposite, andcame out with the dreadful laser option which produces, in my opinion, very poor images.Again, this project shows you the kind of experimentthat wecall Media Technology.
Let me go onto a favourite example that has to do with the use of optical videodiscs. They arevery muchin that triangle | showed at the beginning, unbeknown to some of the manufac-turers, including Philips. Peoplelike Philips turn out to be their own worst enemies, becausethere has been

a

seriousfailing in looking at this as a new information medium that can storedigital data as well as picture in the same domain. In the long runit will all be digital, but inbetween whynotjust hide somedigital data in the analoguesignal and put this out as a newpublishing medium? But that is not being done.
If you look at optical videodiscs ♥ andthis will be particularly true in future office and homeenvironments ♥ disc playing time is not necessarily a good measure, but let me use it for amoment. With disc playing time as one axis and viewing time as another, a 45° line is a movie asweknowit. Because of focusing on that 45° line, there will be people like RCA whowill soonintroduce the world☂s worst product. Whenthat particular videodisc hits the market ♥ ifit doessell whichit should not ♥ it will set back the real Opportunities by aboutfive years. That will bea majortragedy.It will serve people right because they have been verypoor at understandingwhat they had invented. That appliesto all the manufacturers, including IBM, MCA,Pioneer,Sony, Philips, etc. They have beenreally delinquent. There are new movie types and new



book types that have not been explored. Oneof the reasons,with all due respect to these giant
corporations, is that there is nobody who knowshowto think about these problems. Thereis
no culture of people whoare at oncein the business of authorship, but on the other hand have
madefilms, and also know something about computer programming. Weare missing that kind
of person, so this is quite explainable.
SDMSis deeply dependent on videodiscs. Let me refer to them as a new booktype. Before
doing that | should like to show you some new movie types. | could not bring them because
they are all on video tape. One of the international problems right now is that our video
standards are not compatible so that | could not bring you current video tapes of some workin
that area. But | can show youstatically and you cantry to image them. Theyall have to do with
videodiscs connected to computers. You have an absolutely incredible storage medium. If you
hide digital data on a videodisc, crudely you get 1 billion characters per side. That is 10" bit and
you get an error rate of 10☂. If you useit as a video storage mediumit is 54,000 frames, whichis
alot of data. Ironically, you have this beautiful storage medium that is controlled by a handheld
panel, which is a disgrace.
Thefirst thing we dois to connectit to a computer because the computer init is limp, to say the
least. We add a touch-sensitive display to the monitor and some other controls. Then wefind
that, lo and behold, you have to mix computer signals, so we add a second player. Then you
have a sound system. This is basically the configuration of what we are working with. Let me
now quicklyillustrate two projects.
One is a movie map. It has received
a lot of publicity so you may have
seenit reported or discussed. It was
avery simple idea. The task that we
were funded to do was to get in-
volved with the experiential aspect
of mapping. One of the things
about maps and cartography in
generalis that it is focused on struc-
tural relationships. You look at a
map and you know whatis to the
north or south, but you have no
sense of whatit would belike to be
there. Could we make a system that
approximated to being there?

 

Wetook a small town and we photographedevery10 feet, travelling downeverystreet, in every
direction, taking every turn in every direction, during every season, night and day. The images
reside on an optical videodisc. You have twoplayers. Player Number1 is playing for youasif
youare travelling downa street, and the numbers are purposely superimposed. Theuser ofthe
system hasindicated that he wants to go left, so he has touched the screen ♥ the touchsensi-
tive monitorin this case ♥ to go left. Player Number 2 whichis not being used right now has
goneaheadandis waiting for him at that intersection, so whenhegetsto the intersection it just
cuts and smoothly showsthe turn going through to the left. While Player Number2 is doing
that, Player Number1 is free. It goes and gets the street, and waits for him; and when he comes
out of the turn, cuts to that, and theuserfreely drives around the town.

In fact you freely drive around the town and the two players take over. There is a cutelittle
detail, which is that when yougetto an intersection you have three options: straight, right, and
left. But they are just spliced head to tail, so if the person decides to go right you play Player
Number2 forward, andif he decides to goleft you just play it backwards. Youcanplayall these
things backwards as well as forwards. You haveall the optionssitting there simultaneously, and
the person travels around.

55



There are also side views. You can look out of the side window.On our TV set, instead of
having a channel select knob we have a season knob. Youcan dial-in in winter, summer, ☁ellis
spring. We have a special season called animation, whichis typical computer animation. wish
that | could show youa videotapeofthis, but the season knobis quite spectacular because one
of the things about any kind of experiential mapping system is that seasons make a dramatic
difference, in someplaces.

| rememberas a child going to a school that had a campusin the winter that was up ina ski
resort. | went back there, a few years later during the summer, and | could not recognise the
place. The skating rink was a tennis court; trees were there that| never knew about; and it was a
wholedifferent place. | have two slides that show the same housein winter and summer. When
| show these slides, there are people who swearthat it is not the same house. It is a whole
different place in winter. We even have it now so that you can have 50% winter and 50%
summer, which is an amusingtrip.

In some places, where we could, we put in a time knob where you could wind back, and seewhat the scene lookedlike 70 years ago. The computer database behind that is enormous.Itconstitutes a new kind of movie in the sense that there is more footage out there than youwould everlook at. There is no way that a single user would explore that whole space.
The next project | want to mentionis the use of the medium to make personalised movies. Thisis funded by the United States Navy to do some innovation in maintenance and repair. TheUnited States Navy has a problem in that their equipment is getting more and moresophisticated and their personnel are getting dumber. Theyare very frank aboutit. They havestopped preventative maintenance in many situations because people did more damage thangood. Theyare really concerned about it, witness our helicopters most recently.
Whatwetried to do was to makea personalised movie with two axes. One hasto do with theuser☂s previous experience, and the other has to do with the user☂s cognitive style. Previousexperience can probably beillustrated best with an example from cooking. | do not know howmany of you have seen the Larousse Gastronomique which is printed in English. It is anincredible reference cook book. It has the most complexrecipesin it, and then thelastline is☜Cookuntil done☂☂. That is what we would call an unexpandable macro,in the sense of what doyou do with it. To an expert cook that is perfectly complete information. To me, and | suspectmost people here, you would say, ☁☁Cook for an hour at 350°☝☂. For a beginner, you would say,☜Preheat the oven, put the shelf at this location, wait for the light to go off, then putit in☂☝☂.What you see there is a degree of elaboration that is a function of the person☂s previousexperience, and henceit has to do with the modelof the user
Theotheraxis is one of presentational means.If you show somepeople a plan or a section, theyare just hopeless; they cannot read them and they do not understand them. Yetif you showedthem a perspective drawing with shaded surfaces, they would find that much more understand-able. Other people are the reverse, and so on. So there is an axis of presentational means.
What wetry to do is to make very interactive movies; and make the film media, which ishistorically, and almost bydefinition in people☂s minds, a sequential one with a beginning andan end, into a very random access, interactive medium where you expand macros. You canhave alternate sequences, whichis changes of mode. You can combine those. Wedid it for themaintenance andrepair of a bicycle.
This is the beginning of the advertised topic: Spatial Data Management.It is just one of ourprogrammes, and wasa nice excuse to work on the human interface. Back in 1975, we wereasked to build a management information system that senior Management could use, andwould wantto use; but most importantly, that the senior managercould learn how touse in lessthan 10 seconds.

 



We have little jingle in the laboratory that says that we build computers for generals
presidents, companies, and six-year-old children. One common denominator between a six-
year-old child and a senior executive is that they wantthings immediately. If there is something
on the screen, you touch it and out it comes. Thereis a directness and simplicity. If it is too
complicated they will get frustrated;if it is too simple they will get bored. Thereis a very delicate
boundary, and to capture the person☂sinterest and enthusiasmis, to say the least, challenging.

Somewhere alongtheline, | am not sure how, wediscovered that there was something about
spatiality that had not been explored as an organising element. There are twoincidents that
illustrate this. | get to the airport and | have forgotten a telephone number. So| telephone back
to mysecretary andsay,☁☁Beth, I☂ve forgotten a phone number,butif you go to my desk,just to
the left of the telephone, underneath the calendar, there is a pile of papers about three inches
deep, and two-thirds of the way downthereis an orange sheetof paper, and on the backofit,
in the lowerlefthand corner, in blue Pentel pen is written a phone number. Can youreadit to
me?☝
That may be a bit extreme, but even people whoare not what you would call visual thinkers or
people whoare very attuned to spatial memory,still are very good. You see examples of this on
bookshelves, how people tend to organisetheir books.If you put the book there, there is even
more reinforcement and you rememberwhereit is ♥ it is to the top of such and such,orit is to
the right of such and such. Most of us rememberthe colours on the spines of books or how
thick it was. There are lots of cues that wewill useto retrieveit.

A real incident that we uncovered was an admiral who wasselected for a test site of a very
complex command and control system, and he refused to useit. Instead, he had a bulletin
board with his ships on little thumb tacks; and the enemy☂s ships were also on little thumb
tacks. You can imaginethat theirs were red and his were blue. Hesat there, putting the ships on
the thumb tacks onthe bulletin board. He kept moving them around, and then he would stand
back and then moveothersover. People tried to discuss with him why he wasnotusing his very
advanced, full colour graphics display command and control system. Everybody came up with
different reasons that had to do with the standard reasons such as he wasintimidated,orit did
not work well enough. But what nobodyreally considered was that maybe there was a modal
memory reinforcement. Maybe his own body movements were important to him, and when he
picked up that ship and put it down there, he wasinteracting with the display in a way that
should be takenseriously. That is what broughtus into the idea of making, as part and parcel of
our work in the Spatial Data Management System, a media room. In other words, a room that
was a terminal. So it is not really a terminal in front of whichyousit, but a terminal into which
you go. Call it an office of the future if you want, but when youare in it, this terminal has the
authority to engage every sense, and you have every opportunity to interact withit.

Thefirst media room no longer exists, but the newer one is a derivative of it, quite directly. The
floor-to-ceiling, wall-to-wall display in the current one is in some measure a simulation of what
weare expecting to happenin the near future. There is a conspicuous absenceof a keyboard in
this system, probably as much for metaphorical reasons as anything else. | am certainly the last
person to hate keyboards. | cannot write any more, | even typewrite postcards. The absence of
a keyboard and anysettheoretic type of retrieval is more metaphorical than anyposition weare
taking on the topic.

The new media room shownontheslide on the next page has three monitors. One allows the
user to keep track of his information space which wecall Dataland. The other, on theright, is a
key map which allows a person to explore particular data types, and then on thelarge screen is
whatthe personis attending to.

| will now show you a movie ofthis in operation. It will be difficult because we will be looking at
just one screen and moving between these. So let me talk you throughit.

by



This is Dataland, which| shall describe in more detail in a moment. These are key maps which
come up.In this case it is a telephone that happens to be routed in Dataland, because
he needed a telephone at that
moment.

Hereis little window. Datalandis
the fabrication of the user. In very
much the same way that you put
Papers on yourdesk or put books on
a shelf, you put data in Dataland.
You can create neighbourhoods.
This neighbourhood is non-techni-
cal reading; there are four books
stored here. There are five books
stored up there, whichare technical
documents. There is someelectro-
nic mail in that neighbourhood.
There is a personnelfile down here;
there is a calculator and a calendar.
There is a telephone missing from this picture. There are some TV sets whicharelive broadcastor recordings. There is a zoo, because the guy whoseDatalandit is has a child, so thereis a verylarge zoo storedin this section. Then there are some maps; somesatellite imagery; some mapsof Suez and the Far East.

 
It looks sparse, but it is not. What is happeningis that there is a Z-axis to this world. As youhelicopter overit, you can go down and gain resolution. SDMSis very muchlike an Adventcalendar. Once you get to a book or a document, you can openit up and look in. When themonitor on the right gets engaged, you are into that key map.
Datalandis created by the user so he remembers wherethings are, because he put them there.Everythingis up front, nothing is hidden around the edges ofthis bezel, thatis the full extent ofDataland. However,there is a Z-axis. Think of the Z-axis in the following example. You are thepersonnelofficer in a company. You are going to build up Dataland; you are going to have aneighbourhood, whichis all the companies that you buy andsell electronic components from.Youwill have another neighbourhood whichis the furniture and office supply people. Youwillspread out on your surface, as data, the various companiesthat you deal with as a purchasingagent, and your Datalandis scattered that way. Then for any-single company, maybethe recentthree years of purchase orders with themis the Z-axis of that data.
Somebody else may bethe president of this corporation, and that person, as president, willprobably havein his Dataland just onelittle box called ☜purchasingoffice☂. All of your data aspurchasing agent which wasspread out over your X-axis and Y-axis, in his world is in the Z-axis.So Datalandis not only enormousin extent, but things go into the Z-axis a: ☁ . s a function of yourimmediate needs andinterests.
If this picture represents 3,000 miles of physical extent the current system can get downto apicture element of 10 feet. So you have an enormousextent. You can keep zoomingintothisthing. If that were the United States you can get down to images that are smaller than streetsand not exhaust morethan oneoptical videodisc. You have built into this an assumption thatfacsimile-style data types will becomeincreasingly easy to deal with, so not everythingis storedas structured data.
There is a sub-theme, whichyouwill see in the film, which has to do with the richness of datatypes in general. You will get movies stored in there, operable machines, dynamic processes ofone sort or another, colour photographs, text and so on. Solet us look at the film.



Our userwill travel over Datalandin three different ways.Atfirst, we will see him movethejoy-
sticks which are pressure sensitive and allow youto fly over the surface, and also to go downin
the Z-axis. As he is moving, there is a window moving over Dataland. As he goesoveran area,
it appears on the large screen at increased size and resolution. First, he will go downtothis
personnelfile and what wewill see in a momentis what he sees onthelarge screen, whichis
this array of people drifting by underneath his window.As he zoomsin, at a certain point, the
chunkiness is replaced by a higher resolution image. So now heis even closer down into the
personnelfile. If he now wantedto look uphis records, he would address the righthand monitor
to which | referred. It now becomes the Adventcalendar, and you go throughthe face andfind
out what you want onthe otherside.
Here, with a double exposure,it may bea little clearer. He is driving due north in Dataland and
going to look at someelectronic mail, which will appear here. This is what he sees onthelarge
screen, totally unreadable. But the logotells me that | had better readit, as it is my sponsor; and
| read my sponsor☂s correspondence.It is a bad example because theyreally do fit on the
screen.
All you have done,to this point, is drift over the surface and go up and down. Wehave flown
overthis information space, we have flown north/south primarily in Dataland, but now weare
going to poke through. Weare actually going to goin andlook at a book, in this case. As soon
as we dothis, the righthand monitorwill appear with a table of contents. This lookslike a book.
it has chapter headings. The whole thing is touch sensitive. You touch a chapter heading andit
tells you the sub-heading. You touch the sub-headingsand,if there are any, it will show you the
sub-sub-headings. This red line is a marker of where you are in the book. When that display
comesup,the thickness of the bookreflects the numberof pages stored in the database. So we
have goneto every extent possible to build in cues to help you randomly access,in this case, a
book of 150 pages.
The artefact of pageflipping may be a bit extreme,but it certainly works. Here he goes back to
thetitle page. He flips through pages by stroking the side of the chair. Again, this is sort of on
the lunatic fringe, but it reflects interest. If nothing else, appreciate it. Here he is just reading
pages. One student wrote a program so that as a page is flipped the room actually made a
fluffing sound, from upperright to lowerleft. You heard the page float throughtheair, because
there is an octophonic sound system in the same room.

☜SHOW ME THE FOXES☝(from the film soundtrack).

Heis talking his way around Dataland.

☜TAKE ME TO THE MUSEUM"(from thefilm soundtrack).

There is a whole museum that is stored there.

☜GO TO THE MAP ABOVE ANDTO THELEFT OF THE CALCULATOR☝(from thefilm
soundtrack).

This is a calculator which wewill see later, and that is the map aboveit.

☜\'D LIKE TO MAKE A PHONECALL, PLEASE☝(from thefilm soundtrack).

The ☜please☝ is clearly unnecessary, but up will come this machine which has a key map that
lookslike a telephone. Heis going to dial the phone and place the phonecall.

(At this point in the film, the user makesa telephonecall by ☁☁touching☝ the push buttons of the
telephone on a touch-sensitive screen. Thisis followed by a telephone ringing tone.)



This telephonehasa relatively intelligent roller deck, one of thoselittle rotating address books.
You can find names,pull up theselittle cards, automatically touch telephone numbers, and it
placesthe call for you. Again, this is not particularly interesting. Whatis interestingis thatit is
buried in the same medium.

(There then follows a dialogue on the film wherethe useris using the SDMSasan intermediary
to make a telephonecall.)

Whathe has beendoinguptill now is talking through the system, but now heis goingtotalk to
the system.

(There then follows a dialogue onthefilm where the user asks the SDMS several questions, andas a result of the spokenreplies, the user asks the system to placea call to someone☂soffice.Inthis case, the call is not dialled ♥ the system already knows the numberto call. The sceneconcludes with a telephone ☜☁busy☝☂ signal being heard.)
Wedid not know howto get out of that scene, so we hadit ring ☜☁busy☂☂.
The third way of going around Dataland is just touching it, which is a little boring; you justtouch the surface and go round. So | want to take the Opportunity of the slow partofthefilm todescribe this. What started to happen there is absolutely critical, because a new notionemerged. We are very accustomed to when this window in graphics moves around and wethink of a graphical window. What we developed here was, to my mind, very significant: wedeveloped theidea of a vocabulary window.As the person drives over Dataland and gets nearthe telephone, we load words that have to do with dialling telephones into our speechrecognition system. As he goes near the calendar, we load wordsthat have to do with January,February, Monday, Tuesday and so on. When he goesto the calculator, we load words thathave to do with plus, minus, divide and so on.
So on the one handyoucansaythat here is the world☂s most expensive handcalculator, but onthe other handit is one that can be driven by both voice and touch. | agree with the question toFrederick Jelinek this morning, namely that mapping spoken wordsinto typed correspondenceis maybenotthe correct motivation; but to use that channel of communication when you needto use it might be a more noble beginning because,if nothingelse,it is easier. What you areseeing here works. The reasonthatit works is becausethere is so much redundancyat the inter-face that you can disambiguate. | have another movie which will show youthat in somedetail.
Let me hold the rest of that paragraph in abeyance and go back to SDMS whereall of a suddenthe data itself is spatial. The only reason to show this, except for the fact that that is MIT andthat is Logan Airport and one gets homesick, is that these picture elements are 50 metres on aside. That is about 400 miles and represents a tiny bit of Dataland.
This is the last thing on the film where the data typeitself is a movie. If you are at all intovideodiscs you will have seen this movie many times and are probably nauseated byit.
(At this point of the film, a sequence demonstrated how the user can react with the system toshow the samevisual sequencetwice, using a different soundtrack on each occasion. In otherwords, multi-lingualfilms.)

This key map is important. One revolution of that clock is the duration of that film. Whathappenedthere with thatlittle wedgeis that at the instant he touched it he put a markerinto thedatabase, so that by touching that marker he can get backto that exact frame. We referto thatfrequently as

a

film ☜☁dog-ear☝ in the sense that you canfold these Pages and get back to themaccurately. That is the end ofthe film.



There were a lot of things that happenedin thatfilm, even though the databaseillustrated is
sparse. Wecertainly did not look at what couldbeinall of the books,all the letters and all the
correspondence. But probably the single most important thing is the cohabitation of these
different worlds. So often people say, ☁☂Oh, that☂s television technology☝or, ☜☜That☂s a movie☝
or, ☜That's text☂. Here they areall in one place andall in one medium. Whentheuserin the film
switched from lookingat the satellite photographsto data orto a film or to a letter (whether as a
facsimile image or as ASCII data), it wasall transparent to the user. You get thesedifferent data
types that are mixed, very conveniently, in the video domain. | think that is a very important part
of the system. It has nothing to do with spatiality per se but has a lot to do with the future of
using these kinds of computer systems.

When wefinished SDMS,which was about 18 months ago, there were manyfrustrations. One
of them was how could weinteract with the large format display. How could we engage the
user more with that display? You had the twoontheside that you could touch, but what could
you do with the other? That was where westarted working with speech and gesture. We
wanted to point at it and talk to it.

Our experience in speech recognition is only about two years old. We used the NipponElectric
connected-speech recognition system. Wecertainly have made no contribution whatsoever to
the state of the art of recognising words in the way you heard this morning. What we have
madea contributionto is a very simple addition, whichis not to try to work with just speech and
processit, or just graphics and processit; but to try to work with them together so that one
mode of communication disambiguates the other mode of communication. It is so obvious. We
do it all the time as human beings when wetalk to each other.

Wesay things, and sometimes you do not even hear what the other person has said, but you
know what they mean not just because you know them, but because you know in which
direction they are looking. Without even going into the world ofartificial intelligence, which
unjustifiably seems to scare people, but just staying with the surface problems, the interface,
you can disambiguate a great deal.

The Nippon Electric speech recognition system is the top of the line, and you pay an arm and a
leg forit; but one ofits strong points is that when it fails, it fails gracefully. It does not crash. It
will say, ☁☜Can☂t quite understand that,☂☂ and it returns what it cannot understand. What | want
to show youin this next film is a program that has been completed and now works quite
successfully, which combines a magnetic technology which we implemented and advanced
from where we foundit, which allows youto track six degrees of freedom, X, Y, Z, azimuth,
elevation and roll, with magnetics instead of optics or acoustics. It is nice because it goes
through people; and unless you march into the room with an anvil you will not disturb the
system. It is extremely accurate. We can track the arm movementwhich, sinceit is six degrees
of input,is literally a vector; so we extend a vector from the person☂s arm to whereheis pointing
to on the screen and the screen knows whereheis pointing.

The speech recognition system can deal with upto five utterances concatenated. An utterance
is defined as anything less than two secondsof speech. Whenyou concatenate these it disam-
biguates them in a way that is rather interesting. On the film you will see a very limited
interaction that has to do with moving objects around. But when you look at the film, notice the
free use of wordslike ☁☁this☂☂ and ☜☁that☂☝☂. If | say, ☁☁Please pass me that,☝☂ and you did not hear
the word ☜that☂☂ but you saw mepointing to the water jug, you might pass me the water jug. So
my pointingisliterally quite redundant with the word ☜that☂☂. If | say, ☜☜Please pass me that,☝☝
and | am pointing to the table, you mightbea little taken abackbythe factthatit is a rather large
thing to be passing around. At that point you might ask why. There is nothing wrong with
asking. It is a very interactive system. It does not go off and process and come back a few
minutes later. If you cannot disambiguate, you wantto askthe right and timely question. If you
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ask the right and timely question, the whole scenario is extremely comfortable. We have a
system where these people come and sit down, move ships around and so on. The speech
recogniser in connected speech modedoes not work more than 85% of the time. That is a good
performance. But with the gestures combined you get a perceived response of 95% to 96%,
because it does the right thing; not because it has understood what you said, but it hasunderstood enough of what you have said combined with whatyou are pointing at and littlebit of knowledge aboutships, land and so on, to enableit to respond,and its performance looks
pretty good.

Then whenit fails, it fails gracefully. It says, ☜☜Where?☝ or ☁Which object?☂☂ It will ask youquestions, which is muchlessoffensive thanits just going off and doing the wrong thing; thatiswhatreally gets offensive.
The userwearsa little magnetic sensor. The transmitter is on the arm of the chair. It came out ofhelicopter head-mountedsiting systems where it was mounted on the top of the cockpit and onthe helmetof the pilot. Obviously, azimuth, elevation and roll are very important when you aresiting; X and Y are almost meaningless; and Z is meaningless. So that is what weare using.
Let us look just at the beginning of the next film. Remember the Spatial Data ManagementSystem and think of the person shuffling things on his desk.
(The film showed a user seated in front of a wall-sized screen, pointing at the screen andspeaking instructions, such as:

☜CREATE A YELLOW CIRCLE THERE.☝
☜CREATE A RED TRIANGLE THERE.☝
☜LAY A BLUE DIAMOND THERE.☝
☜MOVE THAT THERE.☝
☜MOVE THAT BELOW THAT.☝
☜MOVE THAT WEST OF THE DIAMOND.☝
☜CREATE A LARGE GREEN CIRCLE THERE.☝

The images on the screen appeared and movedin responseto the spoken commandsand thepointing gestures.)
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SESSION E

TRENDS IN VOICE SWITCHING
DURING THE1980s

Roger Camrass,
Butler Cox & Partners Limited

Roger Camrass is a consultant with Butler Cox & Partners specialising in voice and data
communications. He holds an MA degree from Cambridge University and an MSc degree from
the Massachusetts Institute of Technology.
Prior to joining Butler Cox, he worked for Plessey and was concerned with the introduction of
the PDX telephone exchange. Since joining Butler Cox & Partners he has carried out a wide
range of assignments in the telecommunicationsfield. These include: a study for the British
Post Office on the effect technological developments will have on their marketing plans, several
equipmentselection and planning studies involving integrated voice and data communications
and a study of the technical problems of designing a European network for a major US
company.

He has written reports for the Butler Cox Foundation on public data services and on the selec-
tion of computerised PABXs, and has carried out market studies on facsimile and electronic
mail for an international market research organisation.

Before | came to Torquay, | was hoping to entitle my talk today ☁Trends in Voice Switching
During the 1980s☂☂, but after Professor Negroponte☂s performance| decided that any suchtitle
would be extremely mundanein the contextof his futuristic views. So instead | will take you
aboard my space/time travel machine for a guided tour of Voiceland.

Moreseriously, the telephone is a very important part of our commerciallives. It is a device
which has hardly changed its characteristics in the last 50 years, but despite this it is worth
serious attention today. So | shouldlike to review the backgroundto what| believe will be the
major events and developments in voice communications in the 1980s. Then, having looked at
the background to these developments, | want to give you a personal view of where | believe
voice switching and voice communications may go in the 1980s.

lam concentrating my talk around the PABX,the private branch exchange which| believeis the
key element to voice communicationsin a private, corporate sense. The PABXis the device at
the centre that provides the switching betweenall the telephoneinstruments. In Europeatleast,
it is the one box whichis subject to the greatest degree of change, barring the telephones and
the wires themselves.

Butit is at the PABX that | believe the major developments and changeswill initially take place.
That is why | should like to concentrate my talk about the PABX.

I should also like to extend the geography of my talk not only to Europe but to the USA,
because | believe that any talk on this subject has to include the developments that are now
taking place in the USA. By andlarge what happens today in the USA mayeither happen in
Europe or have a direct influence on whathappensin Europein five to ten years☂ time.

 



When| have given you the widest possible geographic view over the next ten years, I will thenconclude my talk with some positive forecasts about what| believe will happen in Europe. Ihope that these forecasts will be of some use to network planners and to people in this roomwhoare concerned with large, corporate networks, and will give them some guidelines or afeeling of confidence when they begin to lay downplansfor the next ten years.
The logical place to start my talk is
to review the last 50 years of PABX
technology. If we look at the first
slide, we will notice that in consecu-
tive decades we have witnessed

The progressof voice switching

fairly major changes in the tech- Pre-1940 Semi-automatic onlynology and the fundamental design 1940s _Strowger systems offering automatic featuresof the PABX.In the earlier part of 1950s Crossbar technology introducing commoncontrolthe century all systems were entirely 1970s Stored program controlandsolid statemanual. The manual systems were paineoriginally replaced by Strowger qaets :switching equipmentthat providedautomatic switching not only withinthe public telephone network butalso within the private telephonenetwork. Although it was auto-matic, Strowger switching provided only the very basic features andfacilities to the telephoneuser. Progress in technologyhastried to improve the speed and function of the telephone ex-change, to give a higherlevel of service than was available with the traditional Strowger tech-nology. So in the ☁50s we witnessed a changeto crossbar switching, which, althoughitstillused electromechanical technology, provided faster dialling and push-button dialling, but it didnot provide a great deal more in terms of features and facilities.

 

But by the ☂70s we sawtheintroduction of computers to the telecommunicationsfield and, forthefirst time, we began to have some degree of powerand sophistication in the switching oftraffic in the voice network. As a consequence,thefacilities available to the user and to themanagementof the network were becoming more sophisticated.

the user seesat his desk.It is still the same old telephone.| suspect that very few of you havebecome accustomed to using the new facilities that are provided by a modern telephoneexchange becausethey are only a small add-on to the very basic and fundamental function ofthe telephone.Thereal question todayis: will technology in the 1980s take us in a fundamentalsense beyondthetraditional telephonefunction that weareall accustomedto and to whichallthese technologies were directed? | believe that the answeris ☁☁Yes☝ and| shall provide somepointers today to just where that technologywill take us.
To provide a perspective on the developments of the 1980s, | should like to look at the variousfactors which are now building up to promote changein the telecommunications industry. |think that there are two pressures providing the momentum for change.Oneis a straightfor-ward commercial pressure ♥ a marketing pressure; and the secondis technology.

☁70s. Unfortunately, it rather dries up the market, and in the ☁80s the market is approachingsaturation. Those suppliers who have built up enormous revenues on first-generation SPC



exchanges arenow scratching their heads and looking for a genuine new productwith which to
approach the ☁80s, and which theycansell into the installed base of SPC exchanges.
Europeis little different. We started five to ten years after the Americansin the introduction of
SPC technology, and therefore Europeis really an embryonic market. Perhaps 20% or 30% of
organisations throughout Europe now have SPC technology exchangesin one form or another,
but thereis still plenty of scope forselling morefirst-generation SPC exchanges.
Given the different stage of development of the American and European markets, there are two
options available to suppliers. In the USA, the mostlogical option is to develop a new genera-
tion of electronic telephone exchange, which offers fundamentally new features andfacilities.
The hopeisthat all first-generation SPC PABXuserswill throw them out into the garage, and
immediately race out and buy the new technology. However, in Europe that option really does
not provide us with a logical strategy. Although the market is young in Europe, the competition
is very fierce. There are a lot of SPC PABX suppliers. Naturally they are all looking for a techno-
logical lead and for some way of getting ahead in the competitive race. They maybe able to do
that by bringing out second-generation SPC technology. However, given that the marketisstill
young andthat relatively few organisations havefirst-generation SPC PABXs,it is perhaps
morelogical that the suppliers would look for some degree of addedvalueto their first-genera-
tion products that will put them little bit ahead of the competition in a market whichisstill
growing and whichisstill intensely profitable. So, even in Europethereis a need for suppliers to
look ahead andto try to provide new products.
The commonality, therefore, between the USA and Europeis a commercial driving force to find
new products or new functions within existing products to put the suppliers out ahead in the
marketplace.
Telecommunications usedto bea little island in a very large sea of information technology.It
wasa verytraditional industry and rather segregated from all the other industries. But | am sure
that the major characteristic of the ☁80s will be an awareness within the telecommunications
industry and within the surrounding industries that telecommunications should fit into this
jigsaw puzzle much moreclosely than ever before. If we ask ourselves, ☁Whatis this total
environment in which telecommunications is placed?☂☂ the answer mustbe the office systems
market. Anyone looking to add functions, or to come out with a new generation of technology
in the PABX market mustsurely be lookingto the office systems market as the overall target for
their product plans.

If you ask anyoneto define office automation or the office systems market, they will have a
great deal of difficulty. The easiest place to start trying to define that market is to look at what
people are doing now andtry to imagine what they may be doingin the future. Recently, | spent
sometime with a large, multinational companyat their headquarters☂ office. They provided me
with a down-to-earth and very commonpicture of just what office systems means to a large
numberoftraditional European companies.

In the slide on the next page we have a fragmentedpicture.In the far left, upper corner we have
the telephone exchange and the PABX. This maystill be a manual system, but it is a separate
system providing telephonefacilities. Down below,in the lefthand corner, we have a few local
minicomputers or terminals linked to computer bureaux, or even mainframe computers, but
nevertheless they are used for specific data processing applications, in isolation to all the other
information needsof the organisation. In the far, righthand corner we have the communication
of text and images. This organisation had traditional telex machines located in the basement,
which were fed by a manual courier service taking pieces of paperfrom offices to the basement.
Theyalso had facsimile machines, again fed by people taking pieces of paper downto the base-
ment. That wastheir electronic mail system, so to speak, which again operatedintotal isolation
to all the other systems.Finally, in the bottom, righthand corner we have new developments
such as word processing, and communicating word processing, which again are growing
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upin isolation to every other system in the office. So the total picture is very much a fragmented
one of a variety of different systems handling separate needs of text communication, image
communication, data communica-
tion and voice communication in
very different ways, and without
any thoughtof co-ordination.

The office systems market

Naturally enough, people are trying
to look for a centrepiece to bring eethis fragmented picture togetherin ; communicatiotthe ☁80s or the ☁90s. From atelecom-
munications perspective that is
where| believe the office systems
marketlies; it is a coming together
of these functionally and physically
separate systems, to try to build a
more coherent office systems ap-
proach around these systems.

 

 

 

That sounds wonderfulin theory, but if | designed a box and took it round to many of yourOffices, saying, ☁☂I've got a means ofpulling togetherall your fragmented systems☂, you wouldprobably show me the door. It does not really do anything for you until you can talk aboutpayback. In this respect, IBM are oneofthe leaders; if IBM can find some wayoftalking aboutpayback,it can justify the sale of virtually any type of hardware for any application.
Wedo not needto look too far to see just where the payback may come.First, if we were tobring thesedifferent systems together, perhaps using commonwiring and common switchingequipment, weare saving physical resources. There is a cost saving in termsof internal wiring,space,air conditioning andall the rest. That is one payback. Thatis a fairly unsophisticated areathat everyoneis aware of. The more intangible and exciting area of paybackis in staff produc-tivity. So how can weachieve payback in that area?
Looking at this rather overcomplex
slide | should like to direct your Improved communications: the pay-offattention to the lefthand side. Ac-

 

 

 

 

 

 

ts - 8-hour day Potential time savedcording to SRI, the office worker meee / 30 minutesspends twohoursofhis day in non- fencommunications aleeee Bel activitiescommunications activities, shut Pe No answerawayfrom the world. For the other i eesix hours of the day he is communi- ee Z oecating with people, either in his own Sorestore ue TO RnaItESoffice or outside to the world. It is a ,. . . . ☁ Notetakingthis sixhoursadayinwhichwe,as |icommunications specialists, are 10 minutesinterested. Change media     Source: SRILet us see howefficiently the office
worker uses that six hours of his
day devoted to communications ac-
tivities. On the righthandside of the slide | have broken downthe time wastedat present due toinefficiency in the communications systems, in particular, the telephone communicationssystem. | am sure that the examples that | am going to quote are commonplace to you, eventhough you maybesurprised at the actual time spent in these various areas.
Thefirst 30 minutes of the six hours is spent making abortive calls. For example, you ring some-
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one andhis number is busy; or you may ring someone andheis outof the office altogether; or
someoneelse will say that he is going to call back, but he never does. So you have 30 minutes
of your six hours already wasted becausethe telephone exchange andthe telephone switching
system itself is not doing its job properly.

The next 60 minutesis rather moredifficult to eliminate, becausethis is much more of a human
problem. You havecalled someoneandhis secretary has answeredthe ☁phonefor him andsaid,
☜He's in a meeting butI'll go and call him☂☂, and you aresitting on the line while he hums and
hawsabout coming out to speak to you. So 60 minutes can be wastedjust trying to get hold of
the right person and to induce him to comeandtalk to you on the ☁phone.

Again, if you are in the middle of a very intense piece of work and the telephonerings, that
creates a disruptive problem for you. The interruption creates an inefficiency in your own
timescale, because you have got to respond to someoneoutside, and possibly search around in
your office for somepiece of information which you have hidden in Dataland. You have got to
come back with a sensible answer, satisfy him, and then go back to your work. It can take you
five or ten minutes just to remember where you were and to regain yourline of thought. So
there is a major wastage factor in that element of communication.

Then there are somefairly trivial aspects such as taking messages for other people, or going
from a telephoneto a telex machine to confirm a telephone call. Those aspects are to do with
shifting from one communication media to another, but they constitute a waste of time. So
evenif you do notbelieve my figures here, | am sure that youwill all acknowledge that thereisa
major case for improving the efficiency and productivity of communication. | know that manyof
the first-generation SPC exchangesweresold onthe basis that they saved six minutes of execu-
tive time per week because of the speed of abbreviated dialling. We are nottalking aboutthat
sort of saving but about something much more fundamental. We are talking about the basic
nature of the telephone system ♥ its interactive nature and the problemsthat it poses in terms
of disruption on time and inconvenience.

So thatis one very interesting area of payback. If we can provide products, and functions within
products, that can tackle those areas, then we are talking about a major impact on office
productivity.

To beable to tackle such complex and sophisticated aspects of office behaviour wewill need a
lot more power and technology than the traditional PABX provides us with at the moment.
Yesterday we were told about manyof the developments in component technology and voice
processing technology that could give us economic processing capability in the next 10 years.

First, | should like to look at the PABX asit is today and to see just where the impact of
componenttechnology and the reduction in the cost of componentswill affect today☂s PABX.
Then | should like to describe where new functions could evolve from. If you pull off the front
covers of your PABX andlook inside, you will probably see a massof spaghetti; but if you are a
discriminating observer, you will notice that it breaks down into four different components,
which | have illustrated on the next slide on the following page.

There is the componentthat | have called an interface. It is the interface that takes the signals
from the outside world, the analogue world which connects to your telephone orto the public
telephone exchange,and brings those signals into the inner world of the PABX.In fact, today,
increasingly that inner world is a digital world, quite different from the outer world of analogue
signalling. Once inside the PABX you have the big box in the centre called the switching
circuits. That may not consist of a whole lot of physical relays or selector switches asit did with
Strowger technology. Today, it may be something much more akin to the bus or highwayof a
minicomputer. Nevertheless, that box provides the basic switching function that connects one
subscriber to another within the exchange,soit is a fundamental part of the exchange.
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Supervising those two componentsis the common control circuits. These arethe circuits that
allocate switching facilities to incoming subscribers, monitorthe levelof traffic in the exchange,
and generally supervise the running
of the exchange. It is a very impor-
tant part of the PABX.Last but not
least is the powerand the ironmon-
gery that keeps this PABX alive and
well.

PABX hardware components
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these functional components in ex-
changesdesigned during the 1970s,we will see that the cost compo-
nents break downquite evenly be- Relative costs of oestween thecostof the interfacecir- ie sce 70%cuits, the switching circuits, and the See soecontrol circuits ♥ approximately Power 10% 10%
 30% for each of those elements,

with the remaining 10% accounted
for by the powersupply element. The shift from analogue circuitry in traditional space divisionswitching to time division technology, which exploits the digital world, means that we canexpecta rapid decreasein the price of the switchingcircuits and the controlcircuits because ofthe impactofdigital circuitry. The forecast by one major PABX manufacturer for machines de-signed in the 1980s leads us to believe that the cost of the switching circuits themselves ♥which may becomejust a digital bus ♥ will virtually fall to zero. Also, the cost of the commoncontrol element, which will probably be a number of microprocessors, will begin to falldramatically from a hardware point of view (the cost of developing the software is anothermatter). Compared to the switching and commoncontrol elements, the interface circuits willstay at a very high price because they needto interface to a very messy, analogue world, whichhas high currents and requires a considerable amount of circuitry.
What are the implications of these cost changes? One obvious implication is that it does notreally matter if you over-design your switching circuits. Why not build the switch to handle asmuch capacity as could possibly be forced through the exchange? Traditionally, PABXdesigners have designed them to handle an activity level of about 10%. If your telephoneis offthe hookfor about 10% of the day, the PABXwill cope withthattraffic. But what happensif wehave our telephoneoff the hook for 100% of the day? This could happenif we are using a dataterminal throughthe telephone, or if we have a fouror five-hour conferencecall? Today, suchusage ofthe telephoneby everyonein the organisation would totally disrupt the traffic patternsof a PABX. But, if you increase the switching capability of the exchangeto the point wherethere is unlimited switching capacity (what wecall a non-blocking switch), then we can copewith as muchtraffic as you care to push through any particular terminal.
So, it makes a lot of sense to provide a non-blocking switch, and the incremental cost ofbuilding such a system will be smaller and smaller, to the point where it really will not makemuch difference. On the control side, we have built our exchanges to handle simple voicecommunication patterns. Why not add some extra processing powerthere, just in case we needto makeuseofit for, say, the processing of non-voicetraffic? Again, the obvious consequencehereis thatit will not cost us much more to double thesize of our processoror the main memoryin the processor. Wewill add

a

little bit of cost to the total PABX system, but on the other handwewill have a lot moreflexibility and, as a consequence,wecan begin to think about handlingnotjust the traditional voice traffic but other traffic as well.
| have now lookedat thetraditional PABX. If we look at the more far-reaching aspects of voiceprocessing that have not yet revealed themselves in the market today, we notice that voice,whenit is turnedinto digital signalling,is fairly messy and requires a large number ofbits for



representation. The numberof bits required is rather overwhelmingif you are used to the data
processing world. Therefore, you needa lot of storage and a lot of processing powerto be able
to handle voice in a digital form ♥ to processit,to file it, and to transform it.
Thefirst thing that weare in sight of
 

 

 

 
 

doing todayis to take digital voice at Se
64,000 bits per second and com- tonneticn ete Bandwidth
press it down to a more manageable es,
bit rate. As you canseein theslide, Commentary Beco
we can compress 64 kilobits per 64 em
second (whichis the the toplevel of
toll quality voice communication) oa lane 300 - 3400 Hz
downto 16 kilobits per second with- ae
out any loss in the quality of the %
speech.16 kilobits per secondisstill 26-1] Communications
higher than our traditional data pro- ie ee
cessing transmission rate, butit is >| (emmamore manageable. This compres- PAE   sion can be performed by single
microprocessor in a telephone so
that the cost of doing it will become almosttrivial.

If you combine the compressionofdigital voice into a slightly more manageablebit rate with the
rapidly reducing cost of random access storage, then you have an increasingly attractive
formula for store-and-forward voice systems. During the 1980s, the economics of voice storage
and, ultimately, of voice recognition and of voice synthesis, will gradually move nearerto what
wecan afford.
To give you an example of where voice store-and-forward is rearing its head as a service, we
need to look at the United States. Bell Telephones, who provide the majority of the public
telephonefacilities in the States, have just introduced a new service called advancecalling. This
is based on thedigital storage and compressionof voice. | should just like to give you a feelfor
the facilities that they are offering, and theprice.

Thefacilities are divided into two parts. Thefirst part is either a business or a domesticfacility
where, as you leave your house or your premises in the morning, you ring up the central public
exchange and leave a voice messagein the exchange. Whenyouring the central exchange you
are talking directly to a computer. You put the voice message into the exchange, and you then
tap out on your push-button telephone the destination numberto which that messagehas to be
delivered. Finally, you tap out the time at which the message has to be delivered, and you then
put your telephone downandgooff to work. The computertakescare of therest. It makes the
call for you at the appropriate time, andit delivers the message. If the line is busy or there is no
response,it keeps on trying until it has delivered the message.

You canalso ring the public exchange from any different telephone that you want(for example,
whenyou have reachedthe office), and check on the status of the call delivery. The exchange
will respond andtell you whether the call has been delivered.

The second example is much nearer to home.It is really a telephone answering machineservice,
whereby somebodycalling your home or office when you are out can leave a simple recorded
message at the central exchange. You can then collect that message either from your home or
office telephone or from any other telephone.

You would think that those twofacilities, given the cost of storage and digital voice compres-
sion in the 1970s, would cost a fortune. But | shouldlike to point out that those twofacilities are
providedvirtually on an unlimited usage basis for $3 per month, whichis a fractional increase in
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the monthly telephone charge of about $20 a month. So you can see that the economies of
scale and the voice processing technologiesreally have brought new functionsinto the realm of
the domestic and businessuser.

| said that | would provide you with a background for the developments of voice communica-
tions in the ☁80s, and | said that that backgroundreally consisted of commercial and technical
forces and factors that would influence change.| hope that | have convinced you, first, that the
markets both in the USA andin Europe have reacheda fairly critical stage in the PABX voice
communications area, in that they are both hotly competed for. In the States, the market is
approachingsaturation; in Europeit is still almost embryonic, but there are a lot of competitors
looking to move into the market. Everybodyis looking for a new product alternative, or a new
strength to their productline. At the same time, from a technology point of view, we are rapidly
approaching the time when the cost of voice processing ♥ actually manipulating voice
information ♥ is coming down to an economic level that we can exploit in the design of new
equipment. So wehave a need anda solution that are coming togetherto provide us with thetools to do some exciting things in voice communications during the next 10 years.
Whenlooking at whatis happening in Europe andin the States at presentin the developmenteither of second-generation PABXs or of new product ideas associated with voice switching,|havetried to sift out two fundamentaltrends. | should like to use examples todaytoillustratethose trends sothat| leave you with a picture of two particular directions in which suppliers arebeginning to move.| think that these two trends form a useful basis for discussion of just whatwill happen to us in Europe in the next 10 years.

The first noticeable trend, which is coming out of the USA,is that some of the suppliers havegrabbed the bull by the horns and are involved now in designing second-generation SPCtelephone exchangesfrom scratch. You may ask, ☜What on earth doesthatlooklike?☝ | wouldbe loth to recommendanyparticular supplier as being the ideal example of a second-generationSPC PABX, but | do want to use one particular company and oneparticular product as anexample of what| believe a second-generation PABX may contain.
The product may be familiar to some of you. It is called the Integrated Business Exchange.Notice that is an IBX not a PABX, and wecanseethe subtle changefrom voiceto information,or integrated business. But there is a subtle change of emphasis there, even in the name. Fromthe point of view of design and technology, naturally enough weseeall the latest componentsof technologyincorporated in the system ♥ for example, ample use of fibre optics. Voice is notswitchedin the traditional circuit-switching sense,it is packet switched. Again, that looks verymuchlike getting on to the voice-plus-data bandwagon,and making the switch compatible notonly with voice communication but with data communication.
The cost of switching and of Processing is coming down, so naturally enough the |BX isdesigned as a fully non-blocking switch. It can handle unlimited traffic from all terminals,regardless of duration or activity. It has a massive processor compared to anything that hasbeenbuilt into a PABXbefore. It has two 32-bit microprocessors, 4 megabytes of main memoryand a lot of distributed memory around the machine
Functionally, the first thing to notice is that it covers a very large range of lines, 100 lines to4,000 lines. | prefer to call these ports because, again, we are not talking about a traditionaltelephone exchange. Forreasonsthat| will demonstrate soon, a port can handle both voice anddata and is no longerspecific to an extensionline or to an exchangeline.
Every port on the IBX can handle both voice and data concurrently. In fact, each port has atransmission capacity of 128 kilobits per second, which accommodates 64 kilobits per secondfor voice, so that one single voice conversation can be made downanyof these ports, and at
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the same time a data conversation of up to 56 kilobits per second can be carried out con-
currently from the sameport.
The IBX is functionally equipped to handle all sorts of data communication and can process
data on thefly to provide data facilities that are much more at homein data networks than they
ever were in PABX networks. Finally, the IBX is not just a box that gives you a front window to
the public telephone network; it also provides you with a front window to the public data net-
works that are coming on stream, both in Europe and the USA.
Looking at the IBX in little more ♥_tearated business exchange
detail, we find that it is no longer
one big box that fits downstairs in
the basement.In fact, it is a whole &
kit of parts consisting of small é a
modular units that can be assem- Se
bled floor.by floor, across the build- r ie)
ing, and that provide local switch-
ing, rather than wiring all the way
down to the basement.
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However, what it does have is one
master control unit that represents
the nerve centre of the exchange.
The mastercontrol unit is a packet-
switching unit that will handle voice
or data transparently. Modular switching units, which each handle 256 ports, are bolted on to
the master switching unit. The modular switching units can be assembled aroundthe building
and arelinked to the master control unit by using fibre optics.

 

The IBX is also modular in the sense that it will accommodate both voice and data. The
telephone is no longer called a telephonebutis called integrated terminal equipment. This
equipment provides you with a handset and a variety of data features and data ports for
accommodating different types of terminals. So with the IBX you really are moving out of tradi-
tional voice-only systemsinto voiceplus data in a big way. Onthe slide you can see data access
ports to provide communication into a variety of public data networks, as well as to the public
voice network. The IBX also provides a variety of different terminal interfaces for specific
applications suchas telex, word processing, computing and soon. So the IBX is a modular unit,
and is quite different from the traditional single-box PABX.It is very much intended to handle
voice and data together.
What the suppliers of the IBX are
trying to achieve is a coming to-
gether of the separate communica-
tions systemsthat| identified earlier
into one unified network. It is Prvitors
physical integration of all the termi-
nals shownonthisslide, to provide Computers.
connectivity between different
types of terminalas well as between Elecwonic
terminals of the same type. Instead
of calling it an integrated business
exchange, it would be more appro- Outgoing
priate to call it an office configurator i
that provides you with connectivity, networks Teletex
on demand, betweenanyof the dif-
ferent types of terminal (telephone
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or non-voice) that you arelikely to find in the near future throughouttheoffice. Obviously, an
office configurator requires ample traffic handling capacity to connectall these devices together
as and whenrequired. It also requires the processing capability to undertake the delicate trans-
formation betweenone terminal type and another. For example, when a word processor logs
into the configurator, the configurator recognises that terminal as a word processor♥ in factit
is recordedin its class of service ♥ and then provides the appropriate transformations, say, to
the telex network, so that you can use a word processorto talk directly through the private
network to the telex network as though the two were entirely compatible. The office
configurator, therefore, provides the maximum amount of connectivity, and it provides aphysical integration ofall types of terminal.
What| havejust describedis rather like a sledge hammer approach to the integration of voiceand data: just putit all together into one massive machinethatwill handle everything that youlike to throw atit.
The other, more subtle and conceptually more exciting approachis the functional integration ofvoice and non-voice systems. Instead of thinking about the physical wiring and aboutbringingall the traffic together in the same terminals and the same pieces of equipment, let us try tothink now more about the way in which weusetheterminals, the telephone,the telex machine,the data processingterminal. Let us try to make somefunctional links between these systemswhich could improve our productivity and the efficiency with which we use these systems.
Now | should like to pass on to youaconceptual model of a commercial Sesive: the key do Bostness commonsorganisation to show just howimportantthe telephoneis, and how
well related the telephone is to a
number of other information sys-
tems, which mayat present be man- Messagesual systems, or may already be em-
bodied in data processing equip-ment.
If you look at this very simplified
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      company,incomingcalls may be of
a variety of types. They cometo the
switchboard operator. The operator
then decides whotopassthesecallson to, and then, in some way, shape or form, those calls are dealt with. For example, anincomingcall may be to a senior manager. The operator has no way of knowing whois makingthatcall; it may be an advertising agency or a salesman trying to pass on some information,oritmaybe a high-level contact that the senior managerneedsto talk to immediately. The call goesthroughthe switchboard andis automatically Passed onto the secretary. In many organisationsthe senior manager, from the point of view of minimising the disruption of the telephone,willprefer his secretary to interview the caller initially, to screen the caller, and then possibly passthe caller on to the manager. To do the screening properly, particularly if the secretaries aretransient temporaries, the secretary needs to have some form of database,beit just a list ofnamesor an information system thatgives her a list of important clients and contacts to whomthe senior manager must talk. So already we are involvedin somerelated information systemthat will help that secretary to process thecall and Pass it through to the manager. Again,if thecaller does notreally have totalk to the manager, that same information system can be used torecord a message(for example by keyboardingit into the system), which can then be Passed onto the managerforhis later attention. This screeningof calls does not need to be handled byaOne-to-onerelationship between secretary and manager.It could be one secretary for a wholesales department. For example, the secretary can perform thejob of Operator for manydifferentpeople and, with an information system by her side, she is much better equippedto be able torespondto thecaller.
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Anothercall arriving at the switchboard may be a general enquiry for a product of the company,
andit will be routed to a general enquiry office. This office may be staffed by somespecialised
staff, or it may be staffed by some uninformed people who need a very elaborate database to
provide them with accurate knowledgeof the company☂s products and services so that they can
respond effectively to the telephonecaller. So again, if you want to achieve a high level of
service, you have a link between an information system and the caller.
Last but not least, a large numberof calls of a general commercial nature arrive at the switch-
board. These calls might be potential sales coming into the company, or you might havetele-
sales girls making repetitive calls out of the company. You are in a dialogue with someone who
wants to place an order, so, ideally, you require a data entry system in front of you so you can
enter that order immediately into an information system. The information system will then
pumpthe order through at maximum possible speed into the commercial organisation to get the
order out on time. So there is a definite linkage there between the enquiry that comes through
the telephone, and some form of data entry system that will enable the order to be processed
and acted. on.
If all that soundslike a scenario of the future or double Dutch,it is not quite so because people
are genuinely looking at and implementing related systems that provide a link between the
telephone and the commercial information systems in a company.

| should like to exemplify these trends by looking at three positive examples drawn from Europe.
Thefirst one is the Pharma Bauer Pharmaceutical Company in West Germany. Five years ago,
they had 40 telesales girls sitting at manual switchboards, making repetitive calls each day to
obtain orders from thousandsof retail outlets ♥ pharmacists. All they needed to do wastoring
up the chemist, ask him what he needed for the following day, record his response on a
computer terminal in front of them, and pass on that information. If you think about that
process, two-thirdsof thegirl☂s time was spent getting through to the pharmacist and copying
downhis order. One-third of her time was spent in saying, once shehadthe order, ☁☁How would
youlike to take advantage of our new bulk offer on Disprins today?☝ or, ☁☁Have you thought of
buying some Senecot?☝☂ Then she would be able to expand theorder andreally do her sales talk
rather than just act as a sales clerk.

Surprisingly enough, it was possible to eradicate two-thirds of her work through a very simple
form of automation. The company had just bought a new SPC PABX. The companyalso had a
mainframe that was used for entering the orders and had customerfiles. It also had the
telephone numbersof the pharmaciststo help the girl when she was makingthecalls. Someone
said, ☜Why not ask the PABX to dial thosecalls automatically?☝ So a link was made from the
mainframe through to the PABX, to initiate automatic dialling to each customer on the
customerlist. At the same time, each customer wasgiven a terminal in his ownsales outlet
where he could enter his daily requirements on to the terminal, early in the morning orlate at
night. When the automatic call was made to his shop, the computer was immediately
connected to his terminal and read off all the orders contained in the terminal before involving
the telesales girl. As soon as the orders were read, verified and placed in the customerfile, the
computerinstructed the PABX tolink thecall to the telesales girl whois sitting at a telephone.
In front of the girl was a VDU that provided her with full list of this particular customer☂s
requirements for the day. The customeris givena little shout by the computerto tell him to
cometo his telephone, andthetelesales girl can then negotiate with him immediately on bulk-
discount packages or new product opportunities. The net result is that only one-third of her
time, the productiveselling time, is now utilised. In this way Pharma Bauer produced a 200%
improvementin the productivity of their telesales girls, merely by adding a wire to the controlof
the PABX.There wasno clever physicalintegration, just a simple link between the two systems
and

a

little bit of systems thinking between voice and data.

A second simple but effective example of voice and data systems coming together is the
telephone answering service, which is underplayed in this country but in the States is a major
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way oflife. Traditionally, you have a girl sitting at a manual switchboard with a lot of little
pigeonholesin front of her, one for each subscriber to the service. As a call comesin, she gives
the single number belonging probably to the answering serviceitself.
She then responds to the enquiry, writes out a message for the subscriber, and putsit in his
pigeonhole until he rings in to collect it. These services were very expensive, because they were
labour intensive with girls sitting at manual switchboards. Also, the telephonesystemitself was
very inefficient, and the level of service was poor because the operator never knew which
subscriber was being referenced as the call camein.
What has been achieved recently is the linking of a much more modern telephone system ♥ an
automatic call distribution board ♥ with an information system. A call that is forwarded from asubscriber's telephone to the telephone answering service bureau initiates a request from theinformation system for information about the particular subscriber being called. Thatinformationis displayed in front of the girl, on a VDU,and,as she takes the call and talks to theperson, she can respond immediately with the salutation provided by the subscriber. She knowsall about the subscriber, his hours of work, perhaps even whereheis today because heranginearlier to leave a message. She can makea veryintelligent reply to the incoming caller. She canrecord the message quite simply, and put it back into the information system. Later in the day,whenthe subscriberrings in, she puts in his personal code, and up comesthe information. Inthis way, you have notonly radically improved the efficiency of the girl because sheis able tohandle more calls per day. You have also improved the quality of service that you are providingto your subscriber, by personalising it, by exploiting the information system to improve theamountof information available to the incoming caller.
The third example of functional in-tegration is the elusive area of elec-
tronic mail, which everyoneis plan-
ning to introduce but has not quite
done so. How can electronic mail
possibly link up with the telephonesystem? This slide does not show a

Functional integration:electronic mail
 

Messagecentre

 

 

 real live example, but it is an ex- a ee aample whichis being worked upon. ee en ess   There is one commonelementthat
an electronic mail system should or
maybe could have with the tele-
phone system, and that elementis
the physical address of each sub-
scriber within the organisation.That address is where his mail goesand that is wherehis telephonecalls also go. So the logical link between these two systemsisthe telephonedirectory. If the telephone directory is shared between the telephone exchangeand the electronic mail system, it does not matterif you are using either a voice electronic mailsystem with voice store-and-forward which can be accessed by the telephoneitself, or aterminal whichis sitting next to the telephone but addressed by the extension of the telephone.In either case, the telephone directory defines the subscriber.

   
     

 

Telephonedirectory  
 

The other commonpoint of reference shown on the slide could be ♥ andthis is just ahypothesis ♥ some form of message centre within the building. An externalcall that is madeinto the building which is unable to reach a particular person can bere-routed to the messagecentre. This centre may be one girl at a keyboard. She will take the call, record it in theelectronic mail system,either verbally or by typing. The messagethensits in the electronic mailsystem, and whenthe personreturns to his desk, he either Picks up the phoneorlooksin hiselectronic mailbox and the messageis waiting for him. So the whole problem of abortive callmaking, both external and internal, could be overcome by a simple conceptuallink, rather than
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by a major physical re-work of these two systems. This link can be a shared database, which
may be shared physically or conceptually, together with a telephone located next to a data
terminal and keyboard.
| hope that those three examples show youthat by providing somesort of controllink ♥ nota
major physical link but a simple control link ♥ and some system unification between the
telephone network andthe information systemsthat are already available in most commercial
organisations, you can, in general, improve the productivity of individual functional groups or
staff by a substantial amount ♥ up to 100% or 200% in the examples that we have seen.
Productivity improvements of that order are something that you can go out andsell without
having to produce some form of elaborate new PABX design.
To review the blue-sky product opportunities in the 1980s | have talked firstly about the second-
generation SPC PABXs. Second-generation PABXsthrow technologyat the switching problem
and, in doing so, create a vast amount offlexibility, with great reserves of switching and
processing capacity that you can channelinto the handling of non-voice communication as well
as voice communication. But | have also tried to show you that you do not needto take this
heavy-handed approach. By merely linking systems in a control sense you can achieve not a
physical integration, but a functional integration between systems which will give you equal, if
not greater gains in productivity, without a dramatic change to the hardware and software that
you employ in your organisation.
| emphasised the blue-sky approach. What happensin the marketplace in reality is somewhat
different. | will now take you quickly through the US and the European marketplaces to form a
perspective against which we can gauge possible trends in the 1980s. The USAis a market
dominated by onesingle carrier ♥ AT&T or Bell ♥ which, ratherlike the PTTs of Europe, has
been the traditional supplier of PABX and voice-switching equipment. In the 1960s, the inter-
connect industry emerged with licenses granted to private companies to provide voice-
switching equipmentfor private use. You had a sudden surge of commercialactivity and some
real ☜☜get-rich-quick☂☂ boys got on the bandwagon. Oneinteresting aspect of the interconnect
industry is that it has demonstrated just what the US market is looking for. Bell spent many
years pondering that question but never really came up with the answer, judging by the
spectacular success of someof its competitors.

To give you an exampleofthe inter-
connectindustry and what qualities
these people have built into their fewiniions) $201
products to achieve success, |
should like to take the Number 1
company in the US interconnect
industry, Rolm, and show youits
staggering success. From 1976,this
company which had been rugged-
ising minicomputers suddenly
turned its hand to telecommunica- $55
tions, and clothed its minicomputer
with a few analogue interfaces, and 20
called it a digital PABX. As you can re) 1977 1278 tare 880.
see on theslide, it did the company
no end of good becauseit has in-
creased its revenue bytenfoldin the last four years, and there are not many companies around
that can do that. It has since gone public, and everyoneis laughing. Rolm did not baseits
miraculous rise to poweron fantastically modern pioneering technologylike the IBX that I have
demonstrated to you.

The Rolm Corporation
 

 $121

 

 

$35          

Ontheslide on the following page you can seethat deliveries, in terms of systems, are now up

75



to 3,800 systems in the USA. All Rolm has doneis to carefully package up a very simple box
whichthey call a CBX (Computerised Branch Exchange)and that box did not go wildly beyond
the expectations of the users.
Rolm☂s strategy, which wasa direct Re
responseto Bell☂s traditional offer- Cunuiseve asieme shipped
ings, said ☁☁We can doall that Bell
can do. We can doit at the right
price. It is 100% reliable. It will not
throw youinto a great spin of tech-
nology and confusion. It is simple;
weinstall it for you; and you canfor-
get aboutit☂. In fact, their success
was really commercial packaging,
not technology. If you look at the
technology used in the CBX,it is
hopelessly out of date and Rolm is
probably goingto redesign the tech-
nology. But that does not matter
too much; it is the commercial suc-
cess that really counts and Rolm hascertainly achieved that.

1975 «1976S

 

 

If you look at that staggering numberof 4,000 units delivered, and compareit to the IBX, whichhas been aroundfor a year or two ♥ there is one IBX system installed and one on order. Youbegin to wonder whois making progress in this world. That is the reality of the Americanmarketplace. There are no points for pioneering;it is just good commercial commonsense thatbrings you ahead.
Europe is

a

little different. We do not have an AT&T, but we do have the PTTs ♥ BritishTelecom and its associates around Europe. They have produced an entirely differentenvironmentfor telecommunication products to the USA,andit is important to understand thatwhenyouconsiderthe possibilities in Europe. The rules that govern the European telecommuni-cations environment are essentially decided by the PTTs, becauseit is the PTTs whoinstall andprovide your telephone. They provide theinternal wiring to a building, and they provide thepublic telephone service. They are therefore very interested in the PABX, its function anditsdesign. They maintain the PABX,sologically they have to approve every new product thatcomeson to the market. It is this approval cycle and the cost of approval that determines theEuropean market environment for voice switching technology. This is the major obstacle thatevery supplier coming into Europe must negotiate and comprehend.Each supplier must changeand mould his product strategy to accommodatethis important constraint.
It is the uniformity of type approval procedures that has producedtodayin the UK aboutsix orseven SPC PABXsuppliers, all of whom produce very similar products in terms of state of theart technology, features andfacilities. Type approval procedureis a powerful levelling force interms of technology, and a very sobering force in terms of technological innovation. Itconstrains suppliers to a very cautious, slow progressionin technology. Theresult is to be seenin the European market, where you have a numberof well-matched, uniform, large companiescompeting in the marketplace. There is no opportunity for the entrepreneur, as there was forRolm in the USA, becauseit is only the large suppliers who can play the cautious, slow,deliberate game that the type approvalprocessdictates.
In contrast to the USA, the European marketplace is not fast-moving;it is not highly commer-cial, it is well controlled, andit is very uniform. If we review thedifferent ingredients of successin the USAandin Europe, the US presents us with a very fast-moving picture wherevirtuallyanyonein a garage can design a second-generation PABX and be on the market within a yearwith no problems. In Europe, however, you need to have

a

lot of moneyto be able to negotiatethe PTT approval cycle just to be able to establish your product ♥ not just in one country, but
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perhaps in seven different countries. This costs many millions of pounds, and is obviously a
disincentive to escalating the process of technology.
Whatdoesall of this say to us about the future of PABX developments in Europe?| have given
you the background of, and an introduction to, the two fundamentally different areas of
developmentthat | believe are beginning to take place in the market. Thefirst developmentis an
emphasis on building a new generation of switches that address the question of physically inte-
grating all your information systems togetherinto one uniform networkthat will handleall sorts
of traffic, and will provide the maximum connectivity.

The second aspectis functional integration, which doesnotreally begin to address the physical
wiring problem, but looks at the way in which onesystemis usedin relationship to another. For
example, how is voice usedin relationship to data processing, or in the generation of text or
images.
Also, how do weusetelex in relationship to the telephone orto facsimile, or to a straight-
forward data enquiry or data entry system. Functional integration is a much more subtle
approach. It is less dramatic in terms of technology, but could be more dramatic in terms of
productivity. That is the background.
From a commercialpoint of view in Europe you havea lot of suppliers fighting for a share of the
market, but they are all evenly matched and they are desperately keen to providetheir products
with a leading edge. So they are beginning to unjumbleall these product opportunities, to try to
grab for themselves somepartof the office systems market of the future, which theycanindivi-
dually exploit and build, hopefully to their own advantage in the marketplace. European
suppliers are constantly looking over to the States, seeing all this rampaging new technology,
and saying, ☜Is there anything in this for us, or do we haveto set oursights in a different
direction?☝
| have tried to summarise for you the basic optionsin Europe, thefirst being the simple option of
throwing technologyat the traditional PABX, as we have donein the past. Decade by decade
wehave progressed the design of the PABX. But now weare beginningto realise that the cost
of throwing technology at the problem is so enormousin terms of PTT approvalthat the gains
are not necessarily worth making at that price. If you look at the announcementof the IBM 1750
telephone exchange,it caught quite a lot of people by surprise because wewereall assuming
that it would be somefantastically new advancedfibre optic switching box, and that, ratherlike
the IBX,it was going to do andsay everything there was to be said about telecommunications.
In fact it was a scaled down version of the 3750. When yousit back and think about IBM's
telecommunications product strategy, the 1750 was the cleverest thing that IBM could have
done, because to have brought in a totally new technology would have undermined the credi-
bility of the 3750, and also would have caused IBM innumerable problems (and a five-year
procedure) to get the new technology through the type approval procedures of British Telecom
and its equivalents overseas. So IBM settled on the practical, commercial realities of Europe,
and brought out a product that was very much compatible with existing technology, and that
provided no cause for concern as far as maintenance and type approval were concerned. IBM
were therefore able to get the 1750 into the market immediately.

As a contrast, the alternative option in Europeis to makethe bestof the situation in which you
find yourself. Most of the majorsuppliers in Europe have now launchedtheir first-generation
SPC exchanges. Noneof those exchangesrepresents scintillating, exciting, new technology ♥
it is all pretty standard, down-to-earth technology. But now thattheir first-generation SPC
PABXsarein place and their customer bases are gradually being built up, the obvious next step
is to incrementally improve the capability of their existing PABXs. This incremental improve-
ment can be achieved either by establishing the sort of links that | showed earlier with other
formsof information system, or by improving the effectiveness of the PABXitself (for example,
by providing a greater emphasis on networking). If a supplier has brought out a medium-sized
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switch he can then bring out a couple more switches ♥ a small switch and a very large switch,
with the appropriate software that enables him tosell either to existing or to new customers.
Thesupplier is then in a position to improve his revenues whilst he isstill selling to his existing
customerbase.
If you are a supplier, you can take advantage of non-voice communication, possibly in the func-
tional sense, and youareat liberty to add on hardware modulesto your existing product range
to accommodate non-voice functions outside the PABX, unlike the integrated approachof the
second-generation exchange, which causes you too many problemsand frustrations with the
PTTs.

Eventually, a supplier has to take the difficult plunge into second-generation technology as
events speed up in the States. | know that Rolm, Northern Telecom, Itel and all the major
suppliers will bring out second-generation PABXswithin a year, and there will be somepressure
on Europeansuppliers to do the same. But | cannot see this being a viable commercial proposi-
tion in Europe for another five years, mostly because of the cost of type approval. Also, in
Europe we makea careful separation between voice and data, since the voice networkis heavily
controlled by the PTTs and the data networkis, to a certain extent, free of PTT control, at least
for the moment. Those two networks have been developed almost with total indifference to
each other, because of the fundamentally different effects on the marketing of products in
these two areas. So there will be an inducementto the bitter end both to keep voice and data
separate in a physical sense, and to prevent the data communication markets coming under the
scrutiny and careful control of the PTTs.
Whata supplier has gotto do to steer his way through the type approvalprocessis to bring out
new systems whichincorporate, to a large extent, existing technology and existing designcriteria, but which also provide improved functions by adding new boxes, new software and
new capabilities, without causing a major disruption in the type approval procedure.
So whatdoesall that mean to the network planner wholeaves this conference today, and hasanotherlookat his private voice communication network? | have emphasised thatin Europeitismyfirm belief that the European suppliers have got to maintain a slow, cautious approachtowards enhancing technology. So you are unlikely to find your IBM salesman greeting you atthe door, saying, ☜Now about that 1750 that you've just installed ♥ | can sell you fantasticnew 4750 that completely obsoletesall the technology that you've bought from usin the lastfive years☝. If you do notbelieve that IBM would dothat onthe voiceside, you have plenty ofevidencethatit is already doing that on the data side. Why cannot IBM do that for voice aswell? There is one simple answer: IBM cannotaffordto doit. They just cannot afford to take onthe PTTs again so recently after they have gone through the painful and costly first-generationtype approvalprocess.| think that also applies to all the other established telecommunicationssuppliers in Europe. So the suppliers have got to provide an incremental approachto upgradingtheir present systems. They have got to provide you with new software, new add-onbits andpieces to improve the voice function, to provide low-activity data functions thatwill not disruptthe traffic handling capacity of your existing installation. Thus suppliers are likely to add on datasupport boxes, and they will also become moreinvolved in the total environmentin which thetelephonefindsitself. In other words, telecommunications suppliers will involve themselveswith the office systems environment, so that they can plan and understand the relationshipsbetweenthe telephone and non-voice systems. As communications specialists, their aim will beto really address the wicked problem ofinefficiency that the telephone has always representedin the office, and that no one to date has ever been able to tackle and overcome.
So, it is an incremental strategy thatwill allow you, the network planners, gradually to improveyour voice communications, based on your existing investments, or on the investments thatyou are about to makein current day technology.It is my belief that you are not about to beunseated by somefrightening news of new technologiesthat will make your existing invest-ments obsolete, despite all of the pointers that we see in the USA.

78



So | end my presentation on a note of confidence and reassuranceto you thatthefuture will see
a cautious, gradual changethat will be to your benefit, rather than a quantum leap into the
future without any pre-knowledge or warning of just where that leap will take us.
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SESSION F

DEVELOPMENTSIN
ELECTRONIC FILING SYSTEMS

Gregory Peel,
System Development Corporation

Gregory Peel joined System Development Corporation in 1972, after receiving his masters
degree in Business Administration from UCLA. After three years as a systemsanalyst in both
military and commercial areas, he served for two years as the corporate assistant treasurer.
Since 1977, he has held positions in the electronic publishing systems market area, first as
divisionalcontroller, then as managerofoperations, and currently as marketing manager.In this
position he has responsibility for marketing, sales, andplanning worldwide for productlines for
the publishing industry.

Oneof the problemsin talking to people about electronicfiling is to define the problem that weare trying to solve. Technology has got to the point where weare able to offer a variety ofdifferent devices for storing and retrieving information, but how will those devices be used bothin the office of the future, which is one of the things that people talk about constantly thesedays, andin the office that exists today?| will start by defining the problem as| seeit, and | willthen examinethe useofelectronic filing in the automatedoffice.

| will follow that by a look at the origins of electronic filing systems and at the particular tech-nologies that have evolvedinto the currentfiling systems that are available electronically. | willtake a deeperlook at someof the current technologies which| believe will be useful to you and |
will try to evaluate the systemsthat are available today.

| will also take a look at future developments.It turns out that most of those developments havebeen covered in previous talks in terms of voice processing, increased storage capacity, andimage processing, but | will delve into them little as they particularly apply to electronic filing.Then | will summarise what | have been trying to put across today.
| should mention at the start, and then not mention it again, that the reason | wasinvited tospeak at this conference was that my company and myself have been involved, in some depth,with electronic filing systems for the past few years. We have a new product that we shallintroduce shortly, and webelieveit is the state of the art product.| will try to avoid the crasscommercialism today and deal with the subject on a more generallevel, but | invite any of youwhoareinterested in electronicfiling systems to join the session tomorrow morning when| shallbe happy to give you a preview of what the system will belike.
The problemthat weare trying to addressis today☂s information explosion. One of the key buzzwords now in the United States is the problem of management productivity. Booz Allen &Hamilton have just come out with a major, multi-thousand pagereport on that topic. They havesaid that there are indeed increases in productivity to be had in the management world,although a lot of them are verydifficult for people to puttheir finger on. But they believe thatinthe next ten years various technologieswill come along that will allow at least a 20% improve-ment in managementproductivity in that time frame. | should like you to keep that in mind aswe gothroughtherest of my presentation.
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There are twoparticular areas that | believe will make both the cost and the results from elec-
tronic filing systems particularly justified in the next few years. Onearea is the ease with whichmanagers run these systems. Ease ofuseis essential to overcome any resistance that managerscurrently have to using the technologies available.
The second area is the reducedcostoffiling or data storage. This was talked about during a
numberof the presentations yesterday. The cost of data storage has come down significantly.However,it hasstill not reached a point whereit makesit cost effective for businessesto putin
filing systems that can store massive amountsof data.
Let me nowrelate the useofelectronicfiling systems to the way in which current office proce-
dures work. Word processors are becoming quite widespread in the United States and are
starting to be used in Europealso, but evensothere is normally a draft created by a manageror
professional, which is then input by a secretary or an administrative assistant on a word
processor. However, once the documenthas beeninput to the word processor, we go back to
the usual manual functions of running off eight to ten copies of individual documents. Those
copies are distributed to various people throughout an organisation, and then filed in long rows
of filing cabinets. The problem comes six months later when youtry to find the information.
If you take a look at the cost trends
over the last 20 years shown on the
slide, this does not make a lot of
sense. The average annual in-

Profiles of cost trends

creases of paper, of supplies and of Lopeees ans eee
people have been between 7% and
9% peryear, while the cost of com- pecbe ane
munications, data processing and s Communications downs 11%
memory have been dropping at an
extremely rapid rate.

Processing down 25%
Memory down 40%

The real use of an electronic filing 7960 7380
system is to replace the manual
functions with digital storage of in-
formation in the form in which it
comes out of either stand-alone or
shared-logic word processors. For
the next few years, managers and
professionals will probably, in most
cases, continue to prepare a manual
draft. But from the word processor (|

 

Electronicfiling systemsusein automated office

onwards, the document will be re- ♥
tained in an electronic form in fil- Suniaone aaa terminals
ing system. This will allow automa- Weenee fg
tic distribution of documents within Seed
an organisation, with the storage Electronic mail
andretrieval functions hopefully eli- aoe
minating the lost and misplaced
documents.Also an electronicfiling
system can incorporate an electro-
nic mail system. As Roger Camrass
mentioned, electronic mail could be
handled by the phone system ♥ by
an automatic PABX. However, another potential way of handling electronic mail is through an
interface to the electronic filing system. From there, information can be accessedeither by word
processors, or by executive terminals which would be fairly dumb terminals that managers and
professionals could use for electronic mail and for the storage andretrieval of information.

  
Shared-logic word processors
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| have examined the requirements for an electronicfiling system. We believe that the storage
capacity would have to be 100 million characters or more. This is equivalent to 20file drawers
with 3,000 sheets of information per drawer and an average of about 1,500 characters a sheet.
Storage capacity of 100 million characters would be a minimum size that would bereally useful
within an organisation. The system should be capable of retrieving documents on full text
search in less than 20 seconds. If the retrieval times are more than that, managers and profes-
sionals will not use the system to the extent that it should be used. Automatic document
indexing would be an absolute necessity within the system, and the storageoffull text would be
required. The system should accommodatespelling variations, and the capability to specify
synonyms for search terms by particular individuals should be available, so that a constant
researching ofthefile is not necessary for particular words and particular variations in words.
The system should also permit additional terms to be added manually to documents. For
example, in the United States, if you had documents that referenced Ronald Reagan you might
want to go backin the last couple of months and add ☜President☂☂ to some of those documents
so that you could still access the documents that you are looking for. The system should also
provide for the easy retrieval and modification of stored documents so that documents can be
retrieved, have changes made to them, and be restored ♥ hopefully in an online situation.

| also see the availability of electronic mail, or at least the interface to electronic mail systems, as
being a requirementfor an electronic filing system. Also, | believe that a filing system will need
to provide back-up capability. This will vary depending on the application, but some back-up
capability will be necessary for archiving and retrieving systems, for example when computers
go down, which unfortunately they always do. Electronic filing systems will also require the
ability to communicate with a wide variety of devices.

Onthis slide | have shownthe types
of storage devices, retrieval devices Electronic filing systems communication requirements
and electronic mail devices that An electronic filing system should be able to communicate with:
electronic filing systems will need to Electronfa
communicate with. There are a Steve beri
number of different word proces- Meroe word processors x x a
sors on the market today, and we Misiccnputels) x x x
believe that electronicfiling systems Large mainframes x x x
will need to communicate with Communication networks xthem. Also, as various computer aedevices (minicomputers and large Cee x
mainframes) acquire the ability to Mognedetare 2
communicate with one another, Cie teoemene S .
electronic filing systems will need to
access a company☂s mainframes to
retrieve data for storagein thefiling
system. Electronic filing systems will also need to communicate with communications net-works. One network that is prevalent now in the States is Ethernet, and various other com-panies are developing communication networks whichit will be necessary for filing systemstocommunicate with. Also, electronic filing systems will need to communicate with electronicmail networks, of which General Telephone☂s Telemail is an example.

 

For storing data and particularly for archiving data, by far the cheapest methodisstill magnetictape, and communication with magnetic tape would be an absolute necessityforfiling back-up.Finally, electronic filing systems need to communicate with other electronic filing systems, sothat organisations that are located in various countries around the world will be able to com-municate with one another through electronicfiling systems, and also use thoseelectronic filingsystems for electronic mail.

Talking to a numberof people interested in the office of the future and in electronic filing, wehave found that a much wider variety of applications is being discussed than we had ever
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believed possible whenwestarted looking into this area. Work group filing, project manage-ment, and activity managementare all areas within an organisation that will be applicable to thefuture uses ofelectronic filing, in addition to personalfiling and-electronic mail.
This slide shows that practically
 

. . a ce Applicationsevery area within a major organisa-
tion can be usedin theelectronicfil- eesing arena. The 100 million bytes of "Spocitications Siventoryinformation that | quoted earlier as ge ere
being an absolute minimum require- Eee Fave
ment within a large organisation Coatcuetoe eaemnelt
could easily be used up by any one aeiciuieee Creait reports
particular area within a company. ee Purchasing
Particularly in the legal area, one Purchaseorders

Vendorselectionindividual would easily be able tofill eesupport
up that amountof information. This eyperky
is another reason for the absolute
necessity to have filing systems
communicate with one another. 

| want now to look at the origins of electronic filing, so that you will have an understanding of
wherefiling systems are coming from, whytheyexist in the formsthat they do today, and hope-
fully that will indicate the path they will take in the future. There have been three separate
developmentsthat haveresulted in electronic filing systems: database management systems ♥
those systems coming from traditional data processing applications over the last 20 years; from
word processing whichhas beena fairly new development, particularly in termsofproliferation,
having taken off only in the last two or three years; and from micrographics which | will touch
on briefly. Although in many ways micrographics is an antiquated technology,it still offers
many cost advantages over other technologies that are available. These three different tech-
nologies have resulted in electronic filing systems, and thefiling systems based on each of these
technologies have different advantages and disadvantages, on which| will touch briefly.
Let us look first at database man-
agement systems and the develop-
ment of electronic filing within Non Development
those systems. Oneofthe first, and 1967
biggest developments that hap- es
pened in my company, System De- INEOBANK Newverttres
velopment Corporation, was the in- 1971 STAIRS Developed by IBMfor internal use (International Business Machines)
vention of the inverted file system. 1973 STAIRSOffered as customersoftware package (IBM)At the time my company Wasa PUD-ertmentCopuaionlic, non-profit company in the INFOBANK=NewVoritines¢
United States, so the inverted file HESIS/NECisMendDeicanale
technology becamepublic property, Software packages _ i :
and it has been usedin mostof the Geceeehee
filing systems that have been de- eeeoeeeee
veloped to date. It has been very im-
portant in the development of
electronic filing. Bibliographic retrieval systems started to be offered about 1969 bya variety of
organisations, primarily headquarteredin the United States. | have listed a few examplesonthis
slide. Most of those systemsstill exist today, essentially in their original form, and they are
available worldwide. The system that is offered by my companyis Search Services, which is
offered all over Europe as well as North America and Japan. Most of the other systemsthat|
havelisted are also available worldwide.

Data base management systemshistory

First invertedfile system developed (System Development Corporation)
Bibliographic retrieval systems offeredORBIT ♥ System Development CorporationINFOBANK ♥ New York Times

Thefirst real full-content retrieval system was the STAIRS system, which was developed in



1971 by IBM. It was developed by IBMforinternal usein their law suit with the US Government,
the anti-trust suit thatis still continuing and for which a court date hasyet to be set. Back in 1971
IBM had already accumulated such massive amounts of data that the lawyers could notpossibly
cope with all of it.So IBM had their software development people put together the STAIRS
system whichis based ontheinverted file system that | mentioned earlier. STAIRS turned out
to be a very good system for a number of IBM☂s customers whohad similar problems. IBM
started offering STAIRS as a customer package in 1973, and they arestill offering it and
supporting it today.

Today, in 1981, a variety of bibliographic retrieval services are offered. Most of the onesthat are
mentionedontheslide are offered around the world. There are a numberof different software
packages that are offered in the database managementarena. These packages tend to run on
large mainframes, and they practically all use the inverted file system that | mentioned.
If we examinethe strengthsof data-
base management systems, there Data base management systems
 

are many advantagesthat primarily
come from the fact that you are
usually running these systems on
large mainframe computers. They
provide the ability for multiple data-
bases, due to very large storage
capacities that are capable of being
accessed by large mainframes.
Most of them allow full search on
content through terminals from the

Stren

Multiple databases on-line
Most allow search on content

Offers full text retrievalon-line
Powerful query language
Allowsverylargedatabases
Extensive availablecommunication

Weaknesses
Data processingorientation:Requires specialized language
Expensive: Requires medium tolarge mainframe computer
Limited access to informationbyappropriate individuals
Requires structured files
Off-line storage and updatingfrom centralfiles
Noelectronic mail capabilityvarious databasesthatare available.

STAIRS and the other software
packages that |listed on the pre-
vious slide offer full online text re-
trieval. They tend to have powerful query languages which have been developed by program-mersto allow access to data, no matter how obscureit is. They allow very large databases dueto the rangeofdisc drives that are available today from most manufacturers. Also, because theyare on a mainframe, there is extensive communication available with all kinds of devices.

 

However, there are also a number of weaknesses. Oneis that because these packageswere,ingeneral, developed by programmers as part of a database management system, they oftenrequire a specialised languageto be learnedby the user. This has largely restricted the use ofthese packagestoeitherlibraries within organisations, or to very specialised users who havetheneed to learn that language to retrieve documents. As| mentioned,this is one of the two keyareasthat will be dealt with in the next few years ♥ simplifying the language and encouragingmanagers and professionals to use systems. Because a medium to large mainframe computerisrequired, these systemstendto be fairly expensive, althoughthecost of large mainframes hascome downdramatically in the last five years, and will continue to do so. If an organisationalready has a large mainframeavailable within its environment, it tends to make theinstallationof a software package cheaper, but there is still an inherent cost in using that mainframecomputer.

Another weaknessis the limited access to information by the appropriate individuals. This isprimarily due to the specialised language that is necessary. Becauseof the technologyutilisedby these systems,a very structuredfile is required. This may not be such a bad thing for peopleto start using. They will become as accustomed to using structuredfiles within an electronicfiling system as they are to using structuredfiles in their manual filing system. However, in thefuture as technologies develop,| believe that unstructuredfiles will become the everyday normthat people will be dealing with.



Off-line storage is the way in which these systems are used and so updating from centralfiles is
particularly difficult. Files or particular documents have to be deleted and then re-entered withupdated information. The final weaknessis that, although someelectronic mail capability is
available on large mainframes, it is generally of a limited nature.
| wouldlike now to look at the word processing industry. A number of developments have takenplace in the last couple of years which have enabled word processing manufacturers to surpass
the electronicfiling systems that are offered by the large mainframe manufacturers. The first
real storage device offered on a word processor was magnetic card storage, offered by IBM in
the mid-1960s. There arestill thousands and thousands of these devices out in the field, and
they still have quite a bit of use left in them. The next development, which also came from IBM
as well as from Wang,wastheuseoffloppy discs for storage from typewriters. This occurred in
the early 1970s, followed by hard disc storage being offered as an option on word processors.
This wasfirst developed by Wang Labsin the mid-1970s.
In the last couple of years there have been somevery interesting developments. One exampleis
AIM (Associative Index Method), offered by Datapoint. AIM is an extension of the hard disc
storage device andit is able to retrieve data in various formats from word processing input.
Practically all of the major word processing manufacturers nowoffer a variety of hard disc and
floppy disc storage systemsthat interface directly to their word processors.
On this slide | have shown the
 strengths and weaknessesoffiling Wierd processing strove

systems based on word processing
devices. One of their major Strengths Weaknesses
strengthsis their orientation to the Office orientation: Most require Currently require specific5 less specialized language than manufacturer's equipmentoffice. Most word processors re- DBMS
quire a muchless specialised lan- Offers both word processing and Limited database size due toguage than the database manage- data processing capabilities available word processingequipmentment systems. In many cases, we Atomete fing 5part of word Limited query eapabitybelieve that the language is simple prnceees Capelli
enough for managers and profes- Some offer integratedcommunicationsionals to use easily. Most of the
word processing manufacturers
offer data processing capabilities on
their word processors, as well as
word processing, so that both data
and text would be available through the electronic filing system. Automatic filing is accom-
plished on the systems through the word processing interface, and that enablesfiling to be
carried out as an automatic part of the word processing environment. Some of the manufac-
turers are currently offering integrated communication. This meansthat in addition to the disc
storage and the word processor, a numberof other devices can be communicated with, either
directly through the word processoror throughtheelectronic file. Also, electronic mail facilities
are now available from most of the word processing manufacturers in someversion or another,
so the electronicfiling system has accessto electronic mail facilities as well.

Electronic mail available

 

The slide also shows the weaknessoffiling information in word processing systems. One of the
evaluation criteria that | mentioned for communications devices wasthatit will be absolutely
necessary to communicate with a variety of different manufacturers☂ equipment in the future.
All of the current offerings from word processing manufacturers require the useof their specific
equipment. | believe that they haveintentionally designed their systems so that it makesit very
difficult for users to try to access somebodyelse☂s equipment. Thelimited size of database is
another problem. This is due to the available word processing equipmentandthefact that the
retrieval mechanisms are fairly slow. Increasing the database size would slow down those
mechanismsto an intolerable rate. Word processing storage systems also have limited query
capability, although someofthelatest offerings are starting to expand significantly in this area.

85



Let me nowtell you briefly about the developments in the micrographicsarea. | believe that, ingeneral, microfilm is a fairly antiquated technology. However, it does havea lotof uses, and forthe next few yearsit will continue to be particularly useful in systems whereit is necessary tostore an extremely large amountof data. Microfilm was invented by George McCarthy in 1928,and after that there were very few developmentsin the basic microfilm technologyuntil the late1960s. In the late ☜60s people started linking computersto various microfilm devices, and Strom-berg-Carlson developed the first computer-output-microfilm system so that computer-storeddata could be output on microfilm. The microfilm was then storedin its own mechanism, andthe data wasretrieved using that storage system.
In 1977, 3M introduced their 715 COM device that greatly reduced the price of computer-Output-microfilm and madeit applicable to today☂s environment. Now,in 1980, about 65% ofthe marketis in 16mm film, and 35% in 35mm film. There are computer-assisted retrieval unitsavailable from a variety of manufacturers. All of these units have the capability of accessing agreat deal of stored documents.

Indeed, that is the greatest advan-
tage of micrographics:it offers the
least expensive storage per docu-
ment, and probably will for a few
more years. | believe that optical

Micrographics storage
 

: ☁ : Strengths Weaknessesvideodisc technology will probably 7eaeee eeedo awaywith a gooddealof that ad- document manual and expensivevantage of micrographics, but cur- Very large document storage Limited communication availablerently micrographics does offer the eaeoe
least expensive storage per docu- Answersproblem of handling Query limited to manually-ment. Another strength of micro- ocstoticed formation Peeegraphics is that an extremely largenumberof documents can be storedwhile still retaining relatively good
performance.  

In taking a look at micrographics, one of the interesting stories that | heard from one of themanufacturers was that the Three Mile Island disaster in the Pennsylvania area, a couple ofyears ago, wasreally the result of people not being able to get at data fast enough. It turns outthat after the nuclear plant wasbuilt there, all of the documentation that went along with it wasdeliveredin several trucks to the plant on the daythatit was turned overto the people who weregoing to run it. Of course, they had no wayof Processing all of those documentsandstoringthem in a system that was adequate for retrieving them on

a

timely basis. On the morning thatthe accident at Three Mile Island happened, they werejust not able to get to the proper docu-mentin time to find out exactly what was going onin the system, and within an hour they hadmade the decision to close the plant down. If they had spenta little extra money, even on amicrographics system,to have the builder of the nuclear plant store those documentsproperly,they probably would have beenable to contain the incident, and we never would have heardofit.
The other strength of micrographicsis that it answers the problem of handling non-digitisedinformation. Thatis particularly difficult right now with images. On the other hand,it also hasan inherent weaknessin that when you wantto work with digitised information you haveto finda wayofre-inputting the documentsto transform them to a digitised form.
Looking at someof the other weaknesses of micrographics ♥ initial documentinputfor use in acomputer-assisted system has to be a manual exercise, which is very expensive. Also, micro-graphic systemshavelimited communicationfacilities, although someof the manufacturers arenow making available the ability to transform the microfilm into systems that can beeasilycommunicated through a facsimile methodology. Finally, queries to a micrographics storage



system are normally limited to manually-input information, which means that full content
addressed queries are. almost impossible.

Let me now spend a few minutes reviewing someof the current technologies that are used in
electronic filing systems.i want to deal particularly with invertedfile systems becauseit is used in
practically all of the full text retrieval systemsavailable today.| will also give a brief overview of how
the bibliographic retrieval systems work and also take a brief look at micrographic retrieval.

In the invertedfile system methodo-
logy, which is illustrated on this pinesied fue yaametodoour
slide, there are three different files
set up within the computer system:
an indexfile; a file which contains a
list of postings; and the files con-
taining the documents themselves.
The index files, broken down into
several fields within each docu-
ment, contain a list of every word
thatis likely to be accessed by the
users. Each of those words then has
a pointer to the postings list. The
postingslist contains the indices of Indexfiles
exactly where each of the docu-
ments contains each of those
words. The documents are filed in a digital form within the system. The inverted file
methodology requires documents to be duplicated a number of times, and since the words
generally exist once within the documents themselves, most of the wordswill exist again within
the indexfile. In addition, there will be the list of the postings, again containing pointerstoall of
the documents. One of the weaknessesis that quite a bit of storage is required for invertedfile
systems.

  Field 1 index

 

   

    

Field 1 postings

Field 2 index
Field 2 postings
Postingslists Document files 

There are several types of inverted
file systems. If you were talking to nuerted ☁ile systems types:
particular manufacturers, or to soft-
ware package vendors about sys-
temsavailable, they might use some Full inversion
of the terms shown onthis slide. postingslists contain every term (word or number) in documents
Full inversion means that the post- Partial inversion I
£ = = A entire documents are stored, but postingslists contain onlyingslist will contain every word that partial information (e.g. no location within document)
is in the documents. The advantage Incomplete inversion
of full inversion is that you can re- eeeeeenruesee
trieve documents using full text
keys. However, the disadvantageis
that a number of words ♥ 600 to
800 usually in the English language
♥ appear manytimes and have very
little meaning within a document.
 

Partial inversion is when the entire documentis stored but the postings list contains only partial
information. For example, you will not be able to retrieve documents with key wordsin a parti-
cular order; you only know that those words appear somewhere within the document.
Incomplete inversion is when the vocabularyis limited by excluding some of the 600 to 800
words that | mentioned, which are usually called a ☜☁stoplist☂☝ or ☁☁stopterms☂☂. Those stoplists
would then be excluded from the indices and the postings lists, and this greatly reduces the
amountof storage that is required for the invertedfile technique.
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This next slide shows the strengths and weaknesses of inverted file systems. One strengthisthat theyoffer full-text search on text. The technologyallowsfairly fast querytimes since yougo directly to thelist of fields, find
the locations of words in various
documents, and retrieve those
documents. Generally, even with
very large files, the systems can

Inverted file systems

offer retrieval times of about 15 to Strengths esneees25 seconds and they are much Fulltext search on content (sesoequicker for smaller files. There is Fast query time taranate ted
generally a powerful query capabi- Powerful query capability SabiPellaielity. This varies from package to mainframe computerpackage but the software capabili- Allow ritnia dats besos (gee ogties that are put into the system de- carele communication
termine how powerfulthat queryis.
Multiple databasesare allowed dueto the technology that is availableand the fact that invertedfile sys-tems run on large mainframes. There is also extensive communication facilities available withthose mainframes.

 

Turning now to the weaknesses of inverted file systems ♥ between 1.5 and 4 times thedocumentsize is required for storage. 1% times would be required when partial inversion isused. Full inversion would require up to four times the size of the document, depending on thenumber of vocabulary words in the documents themselves. Invertedfile systems do not allowreal time updating. Updates have to be done througha processof deleting documents and thenre-entering them with the updated information on them.
Invertedfile systems are expensive. They require a large mainframe computer. In general, thereis no electronic mail system available as part of the system itself, although some of the main-frame manufacturers nowoffer interfaces to electronic mail systems.
| want now to lookbriefly at bibliographicretrieval systems. Both full text and abstract searchesare utilised by particular packages. Mostof the early bibliographicretrieval systems that cameOut in the late 1960s offered searches merely on abstracts, looking at key wordsto retrievedocuments. Someof those early vendors, and someof the newer ones, have converted now tofull text so that full text search is available, generally done on a key word environment. The bigproblem with bibliographic retrieval is that it is really only a partial solution, and anOrganisation's ownfiles are not easily put into the system. Somelarge companies now ask thevendors that offer bibliographic retrieval systems to input their ownfiles, but this is a processthat takes a certain amountof time, and generally thefiles will not be available on a real-timebasis. The bibliographic retrieval systems usually are charged by the various vendors on aconnect-time basis so that you are charged for the actual time that you are connectedto theirmainframe and accessing information. This makes the initial cost of getting into bibliographicretrieval very small and makesit attractive to a variety of types of users.
The third methodologyis to use a computer-assisted micrographicretrieval system. Generally,a central processoris used and in mostcasesthis is a minicomputerwith software prepared forit such that an inverted text type system is used. Index files and postings lists, as used ininverted file systems, are input into the central Processor. However,it is necessary to dothismanually in the case of micrographics becausethe termsare not readily availablein digital form.Usually the user will have two terminals in front of him. Oneterminal will be for entering therequests into the minicomputer, whichwill search the index files, find the postingslist, and inthis case the postingslist will refer not to an electronically stored document,but to a location ofa microfiche or microfilm unit. A microfiche cartridge or a microfilm tape can beinserted into



the unit, and an automatic key will be sent across from the minicomputer processor to the
microfiche storage unit which retrieves the microfiche itself on a separate terminal. This does
have the advantage of offering the
user a very large number of docu- - eteiaements ♥ several millions of docu- mearep Sete systems meethoscloay
ments are available in some of the   

    
systems today. Someof these are [ieeea ee ae
very elaborate systems. However, ioe 4 *
they tend to be very mechanicalin eos ay
retrieving either fiche or film docu-   

ments from a stored location.  Let me now take a look at some of  

 the future developments that are
going to help greatly the implemen-
tation of electronic filing systems Terminal for Scanning or
within organisations. Two of these eel aes
 were covered to a great extent by

previous speakers so | will not
spend much time on them. Increased data storage capacity is one, and the other is voice
storage which wascoveredin a state of the art sense yesterday by Fred Jelinek.
Image storage is anotherarea that| will talk a little about. This was touched upon by Professor
Negroponte, andit will become more and more important for electronic filing systems.
Storage costs have come downsig-
 nificantly over the last 20 years to Data storage capacity

the point where it looks as though Reais
they will almost go downto zero. Of cost
course,that will not happen, but for foo
the foreseeable future, at least for
the next ten years, there are devel-
opmentsin the wind that will con- 60
tinue to reduce the cost of storage |
at almost the samerate asthelast 20 oi
years. | imagine that by the end of
this decade other developmentswill eo
come along to continueto reduceit. | Ab :
So within the next few years we will 70 71 72 73 74 75 76 78 79 80 81 82 83 Year

still continue to see a dramatic re-
duction in the cost of storage. This
will make the storage of documents for subsequent retrieval in the office an extremely attractive
proposition.
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Even with current technology, there are a lot of new developmentsin disc drives. One of these
is the Winchesterdisc drive which is a sealed disc technology.In addition to reducing the cost
of storage, Winchester drives also provide high reliability, since the disc drives are sealed and
are not subjectto a lot of the things that happen in the computer room environment when disc
drives are removed, returned to shelves, and then put backinto disc drives. Another developing
technology, whichis an extension of the current technology,is thin film technology. This tech-
nology will continue to enlarge the amount of data that is available on rotating disc drives.
Currently, products that provide up to about a gigabyte of data are available and, through the
use of thin film technology, this storage capacity will undoubtedly expand by many factors in
the next few years.

Optical disc is a very exciting technology that is currently being developed by a numberof
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vendors. Commercial products are becoming available, although generally, in thinking about
optical discs, we are considering products made for the home,for online movies and so on. But
if you apply the same technology to data storage systems, the amountof data that can be
stored on an optical disc will increase dramatically. By 1983, | expect that computer manufac-
turers will be offering drives that can store up to 200 gigabytes. Currently, optical discs offer aread-only capability once information has been stored, since the storage process permanentlyalters the disc itself. However, with 200 gigabytes available you do not have to concern yourselftoo much with having to re-write data when you wantto updateit. That size of storage systemallows you to forget about the old document, so you can re-write the changed documentintoan area where you canaccessit.
| believe that the primaryinitial application for which optical discs will be used is mass archivalstorage. For example, in the newspaper industry, newspapers are anxious to get severalnumbers of years of newspapers online to a retrieval system. This requires storage capacitiesthat are beyond the easy meansof today☂s technology, and optical discs will offer a quicksolution to that problem in the next few years.
A related area to optical discs is storage of images. The reason whyoptical discs will becomevery important in image storage is the current requirements for storing an image.A single pageof 2,000 characters of data would take 2,000 bytes of storage, but a black and white facsimileimage requires 20,000 bytes (even with the data compression techniquesusedin facsimile trans-missions). However,a single-page size grey-scale photographrequires 200,000 bytes of storagecapacity, and a colour photograph will require between 800,000 bytes and one megabyte ofdata. Using today☂s technology disc drivesit is very expensive to store that amount ofdata, butoptical discs will offer a solution to that problem in the next few years.
The current retrieval technology thatis available for imagesis similar to micrographics, anditwill probablybeat least into the early 1990s before the optical disc manufacturers will be able tooffer an attractive alternative for image storage.
Finally, | believe that within electronic filing systems, verbal message storage will be an offeringthat will be available within the next year or two. The storage of verbal messages withinelectronic files would be an alternative to what Roger Camrass mentioned as a storage devicewithin the PABX system. However, another mechanism for handling voice storage would be byinterfacing the PABX to an electronic filing system.
By voice communication | really mean the elementary form of voice communication that FredJelinek talked about as ☜isolated word recognition☝. But | believe that within five yearsmanufacturerswill be offering this so that, for example, a managercould call on the telephoneor communicate with the office wherehis terminalto his electronic filing system was.Instead ofhaving to sit down at the terminal, he would use the natural modality of speech and say,☜Please give me my messages☂, and the system would give him any verbal messages that werestored there.
Anotherarea that\ e are looking at is verbal document storage where documents can be inputand stored as verbal messages. Initially, this will be particularly useful for the visuallyhandicapped. However,there are several applications that will expand significantly over thenext few years. Within electronic filing systems, the storage of verbal documents will bepossible once optical discs are in common usage.
Dr. Jelinek spoke of voice dictation systems as being available in about ten years. That was alittle more optimistic than | realised, and | shall be very excited if that happensin the next tenyears. But voice dictation is definitely another developmentthat will be very useful within theenvironmentofelectronic filing systems.
Let me now briefly summarise. There are two things which| believe are holding up the use of



electronicfiling. First, whilst the technology exists today, westill have the problem that storage
costs are high relative to word processing. Storage devices for the 100 megabytesthat | talked
about cost in the region of $50,000 or so, while word processors can be bought for under
$10,000 now,andprices are dropping every day. However,| believe that storage costs will drop
to a relatively low level in comparison to word processors within the next few years, and that
will help to enhance the implementation of electronicfiling systems within organisations.
The second item that | mentioned several times was the availability of an easy-to-use, office-
oriented interface. This is necessary so that managers, professionals and secretaries will require
very little training, so they will be able to use an electronic filing system which today requires
specialised training, and is useful as a device only with the assistance of computer profes-
sionals. By the end of this decade | believe that most businesses will be communicating by
digitised information, and the real mechanism that will enable that to happenis the availability
of electronic filing systems.
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SESSION G

FUTURE APPLICATIONS
FOR MICROPROCESSORS

Norman Eason,
Eason Consultants Limited

Norman Eason has worked in computer systems since 1964. Heinitially worked on high-integrity dual-processor message switching systems and computer-controlled warehousingsystems. Subsequently he spentfive years as European systems engineering manager for a USminicomputer manufacturer before joining ERA Technology Limited where he was manager ofthe computers and automation division, responsible for CAD and microprocessor systemsdevelopment. Mr Eason is now an independent consultant. He has a BSc (Eng) degree, is aChartered Engineer and a Fellow ofthe Institute of Electrical Engineers.
The first problem regarding microprocessor applications is where to start and whereto finish.As the title of the talk is ☜Future Applications for Microprocessors☝ | could say that theapplications are anything and anywhere, and then leave the stage. In fact the problems aremuch wider than that and | could spendall afternoon talking about applications in depth.However, what| will try to do is to look at the application trend and give someindication of thelimitations to that trend.
In orderto try to look at where we should go from here or where the technologywill go,first letus look at where we have been. Microprocessor technology started way backin the early 1960swhen people decided that they
should replace a semiconductor
device by a package system. Theyreplaced the one deviceright at thebottom ofthefirst slide ♥ a transis-tor ♥ with a gate madeoutof resis-tor/transistor logic. The RTL gateconsisted of something like fourcomponents on a chip. That wasthe start of integrated circuit tech-
nology.

 

Number of integrated components

Wethen advancedfairly slowly till
about 1964 and putfour devices ona chip, which was a quad gate. Soyou had the same thing that you
had before, an RTL gate, but four
times over. We then expandedthisa little further and producedtheability to store onebit ofinfor-mation. This one-bit storage facility wascalled a flip flop and required about 16 devices on onegate. (Sorry, the quad gate camelater).

 

 

 

So we had the ability to store memory on an integrated circuit. The complexity of chipsexpanded, until you get to round about 1970, when you had 1,000 integrated components on achip. Thereis a fair time gap between the quad gate and the 1k bit RAM. I should like tofill insomeofthe information on that gap and the reasons why the technologystarted to take off.
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You are all aware that, during the 1960s, America had a raceon its hands: Kennedy's race to get
to the moon. Computing technology then had a target to aim at. That target was to build a
device which was capable of processing computing information on a spacecraft, on the moon
rocket, which had highreliability, small physical size and did not consume much power. We
also had to try to make sure that the device would encompassall the surrounding activity. In
other words, if you can reduce the interconnections round your central processing device you
can start to bring up the reliability, becausereliability is very much dependent on the intercon-
nections. Prior to integrated components, interconnections were made by human operators
soldering joints together. So round about 1970, primarily because of the space race, we had
1,000 devices on a chip.

There were two main reasons whywegotto this stage. First, there was the space race; so we
had the motivation. The other thing was that at that stage America was not aimingto try to
build a microprocessor; it was trying to getall the devices of a computer into a small package
and to build up a configuration of packages together ♥ to producein fact a minicomputer, not
a microprocessor. The motivation of the spaceraceis an important point to rememberthrough-
out this talk, because | will make the point later that microprocessor technology as it goes
through the 1980s will be very much dependent on people☂s motives for increasing chip density
and so on, rather than the ability to do it.

If you look at the graph ontheslide on the previous page you will see that once we get to around
1974 two separate graphsstart to emerge. The upper graph is regular logic and the lowergraphis
more complex logic. The upper graph meansthatfor a particular pointin time you have a higher
packing density of devices. The reasonforthis is due to the numberof interconnections. Regular
logic is typified by memory devices which havea fairly regular pattern of cells. Complex logic,
typified by the pocketcalculator chip or the 8080 microprocessor, has a complex interconnection
structure. You pay for complexity, and the way you pay is in silicon area.

The UART (Universal Asynchronous Receiver/Transmitter) is a communication chip which
transfers power from the microprocessor or computeroutto a serial data bus. So you have two
trends. You have a memory trend or regular logic trend which will be much more device
intensive than the complexlogic trend. These areas are important in considering where we go
from here with micros.
One device that is not on that chart is the 4040 from Intel, which wasreally the beginning of
microprocessors. Around 1970 you had a 4-bit microprocessor which really provided the first
programmable function on a chip. If you extend the complex logic line you get into a lotof dif-
ferent areas such as microprocessors, TV games, floppy disc controllers and so on. The
complexity there is interconnection.

If we look at this trend for complexity, we can seethat the trend is for more complex devices on
chips and, furthermore,the ability to bring the functions togetherin many ways. The Intel 8080 has
76 different instructions. If you combineall these instructions you can program-in 2©° different
ways. So the complexity is important, but the complexity combined with the combination of
devices andinstruction types is even more important. What weare gettingis the ability to combine
these instructionsinto building blocks and combine the different devices into building blocks for
system development.

Let us try to predict the trend. If you look at the regular logic line, you get more and more
devices per chip, and bigger and bigger memories. Everyone hasheard a lot of talk about 64
kilobyte RAMsand even higher packing densities than that. Soit is possible to predict where
this line will go, andit is all to do with numberofbits per chip. Round aboutthe early 1970s you
could start to predict where programmable logic would go. You could say that since we hada
4-bit device around 1970, we really ought to make that an 8-bit device eventually, and then
16-bit devices ♥ we oughtto be able to increase the numberofbits on a microprocessorfrom 4
to 8 to 16 to 32, and we should beable to increase the numberof instructions. Furthermore, we
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shouldbe able to increase the addressing capability of the chip, and hopefully the speed.In theearly 1970s you could have predicted where microprocessors would eventually go, althoughyoucould not predict when and in what way.
These four areas, thatis increase in speed, increase in the numberof instructions, increaseinthe memory capability and increase in the numberof bits, have all been achievedin the lastdecade ♥ butincreases in speed have beena little bit less than the others. So you now have16-bit devices, typified by,first, the Texas Instruments☂ 9900, which came outin 1974 or there-abouts, and then Intel☂s 8086, Zilog☂s Z8000, and now Motorola☂s 68000. Memory addressing forthese devices is in megabytes rather than kilobytes. Now we have single chip micros with a lotof these other functions already on the chip; you have ROM and RAM onthe chip. If you takeadevicelike the Intel 8022, you also have analogueto digital conversion on the chip. You arestarting to get more and more functionsinside the silicon.
Aninteresting side point about these devicesis that if you look at the Zilog Z8000, althoughithas less packing density than the 64k RAM,it has about 17,500 instructions. It is an extremelycomplex device and the interconnection of these instructionsis complex. The 17,000 activecomponents on a Zilog Z8000 happens, by sheer chance, to be the same numberof valves thatthe old ENIAC computer started with.

The evolution of integrated circuits
 | have put someofthe information

from the previousslide in a slightlydifferent form. We have gonethroughthe different categorisationof packing densities, from small
scale integration with one or two de-vices up to 100 devices on apackage, through medium scale Searedeee
integration, right up to large scaleintegration andvery large scale inte-gration, and into grand scale inte-gration after that. | have marked theareas where these devices wereused. There were military micropro-cessors round about 1971/72; com-mercial microprocessors coming outabout the same time. Then you havedifferent trends depending on whether you are talkingabout state of the art with respect to devices on a chip or functions on the chip. So wearebeginning to see where wewill eventually go. The top of that scale on the slide is 100,000components.

   

 

VERY LARGE   SCALE INTEGRATION

  

SMALL SCALE INTEGRATION(ssr)  
 

What| shouldlike to do nowis to try to get someindication of where we are now andpredictwhere wewill go in the near future. One of the difficulties in projecting is that this scale is notlinear, it is logarithmic; andit tapers off at the top. Most people who want to use previousinformation and predict into the future like to put a ruler through the graph and projectupwards. We cannotdothatin this case. Solet us look at a different method of projecting intothe future.
Onthe nextslide on the following page wehavethecost of processing functions ona chip. Youhave seenthis slide in many forms in other presentations, but in each case device cost is comingdown. Thefirst line shows a combination of chips and the cost of that combination; and thesecond line showshowtheprice of a single chip configuration is coming down. You will seethat the cost of the devicesis getting to a stage where we can predict thatit will cost nothinginthe near future. But that is not really a goodindication of the usage of the devices, because thetesting and the developmentlabourwill be morecritical and more fundamental to the cost ofthe systems than the actual cost of the devices themselves.



Solet us try something else and look at devicesales. There are a fair numberof indicators here. |
will convert it for you so that you do not need to double up. We comebackto this doubling up
situation that we heard aboutearlier
in David Seabrook☂s presentation.
You can see that the trend in each Goetiot process function no onoeesieniieatt
case ♥ for 4-bit, 8-bit and 16-bit as
devices ♥ is for the numberof sales
to grow to about twice the number
of the previous year. That makesit 80
look as though wehavea niceindi-
cation of the use of these devices in Ce
the future, by projecting all these
things linearly, by doubling. i

   
  

 

  
£100 Typical 8-bit CPU,plus I/O,eA plus 2k byte RAM combination

Single chip
ea 8-bit CPU + 1/0 + 2k RAM

But let us look a little more cauti- =
ously at each of these devicesstart-
ing with 16-bit devices. We have 74 Gees ts eee
only three years☂ information to go
on, so anyone whopredicts future
trends on the basis of such sparse
information knows that they might ns) Y es re
just as well not bother, because Worldwide microprocessorand single chip microcomputer sales (unit in millions)

there is not enough information. 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

(sBhisyEen

ee
s. * 4Bit

If we look at 8-bit devices, we are ☁Annual o1 03 10 20 41 80 150 344 95.4 207.0
starting to seea growth which less Cumulative 0.1 04 14 3.4 75 165 315 65.9 161.3 368.3

: 7 an
than doubles every year. It is tape non 0 001 06 15 30 60 80 130 20.0 350
ting off. Itis still growing a lot, but it Cumilatve 0 001 06 21 61 111 191 321 521 87.1

is not growing at the samerate. You con E Bt
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would think that 8-bit devices would Cianliaaved Ono UnOMEO) 02 05 13 29 65 125
be an indicator for other devices ♥ Total
by taking where we have gone from Annual 0.1 0.31 16 3.5 73 153 238 49.0 119.0 248.0

Cumulative 0.1 041 20 55 128 281 519 1009 2199 467.9

1975 to 1980 and seeing whether
that is relevant also for 16-bit de-
vices. If you look at the 8-bit devices
in relation to 16-bit devices, they are
starting to taper off because 16-bit devices have been introduced with more processing
capability. So the 16-bit devices are starting to take away some of the market from 8-bit devices.
The question is whether or not these 8-bit deviceswill taper off.

 

Let us go back a stage further and look at 4-bit devices. The trend goes the opposite way: they
are increasing at more than twice the rate every year. So you cannot predict the ratio of 16-bit
devices to 8-bit devices by looking at the ratio of 8 to 4. Whyare 4-bit devices increasing when
you would think that they are old hat and people ought not to be using them? Four-bit devices
were usedinitially for computation whenyou did not have anything else around at that price
and size. They were also used as a basis for controllers, for games andlittle devices that get
information, for example, thermal information on a caror the speed of a wheel or somethinglike
that. They are devices which are quite sufficient for doing that sort of function, and they are
very cheap.
| know that some of the audience is from the car industry and you know that the cost of every
fuse is important. So if you can perform the function with a 4-bit device, you will continue to
use that and there is no need to go to higher architecture.

What about 8-bit devices? It is fair to say that these will not grow at the rate of the 16-bit
devices, but they will not die off. You will get quasi 8-bit devices where you have 16-bit
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processing capability inside the chip, but an 8-bit data bus which makes them compatible withprevious systems. So we cannotusethat table as a prediction of trends.
Let us try to examinethe trends ina
different way. If you look at how
computers were used from 1950
through to 1978, you can plot the
way the system was implemented
against the componenttechnology.
On the vertical scale you havecir-
cuit design, building block design,
sub-system design, and system ar-
chitecture. On the horizontal scaleyou start with discrete components
put together to form a solution;then small scale integration, going ie rthrough medium scale to large (elscale. The trend has been for thetraditional system suppliers☂ shareof the total design and manufacturing activity to becomeless. The system suppliers☂ shareisbeing eaten into by the microprocessor manufacturer. As the microprocessor manufacturer hasput more and more devices on

a

chip, he has performedfunctionsthat previously had beenper-formed by someone whogluedthings together with transistors and resistors. So yougetto thestage where the device manufactureris starting to take overa lot of the systems engineeringfunctions that systems houses are currently doing; and the systems houses are concerned withsystems design rather than circuit development.

The semiconductor device manufacturers are becoming the small-system manufacturers
 

  
   

   
      
 

Wecanextrapolate this curve into the future, and if we go off the screen youwill see that theintegrated circuit manufacturerswill take over systems by 1985, accordingto the graph. But I donotbelieve that will happen for two reasons. One reason is because of the law of diminishingreturns ♥ it is just not worth their effort. Secondly ♥ andthisis very important ♥ as you getnearer the problem-solving area, the activity becomes very applications dependent, andsystems suppliers do not have that expertise. So unless they can identify a market where theycan putall the functions on a chip,or a significant amount of functions on the chip, and unlessthis market is broad enough, theywill not get into that area. The main problem will be with thedegree of applications knowledge of the systems houses.
So where does the UK stand incomparison with America? This Value of electronic production ♥ USA and Europechart is for 1977 butitisa goodindi- £35 bncation of where we are now be-cause today the differences areworse. On the lefthand side weshowthe annual productionof elec-tronic equipmentproduction. In themiddle is the annual production ofintegrated circuits, and on the rightthe numberofinstalled computerscosting over £15,000. The lefthand
columns show that the annual pro-duction of electronic equipment inAmerica was10 timesthat of the UKin 1977. For the righthand columns,the ratio is 13:1. But if you look at the middle columns ♥ integrated circuit production ♥ it isround about 20:1.

Annualelectronicequipment production
Annual integrated circuitproduction
Installed computers costing
over £15,000
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This brings me back to the point that | made previously:a large percentage of the systemssales
value will be from the integrated circuit manufacturers. So, in the UK, weare not doing too well
s0 far as that is concerned. Onething | should pointoutis that whereas the righthand columns
show the numberof installed computers costing over £15,000 in 1977, we now ought to be
talking about £5,000 and above for the same powertoday.

Another problem is the cost of systems in the UK compared with the costof the same systems
in the States. It is very commonfor systems imported into the UK from the States to cost the
same amount in poundsastheycostin dollars in the States. Thatis a very significant factor for
the future, because the numberofinstalled units that we havein the UK will affect our ability to
expand the knowledge base of computing in the UK, and weare very bad at this.

Atthis stage let me just underline some of the most important points made so far so that we can
look at the next stage with respect to them. First, micros will be a systems module rather than a
component. Secondly, the semiconductorsuppliers will provide more of each system. Thirdly,
present systemssuppliers will be chasing a lower volume market and they will require in-depth
applications knowledge, because the semiconductor manufacturers will take the high-volume
partof it. Lastly, systemswill be much more complex and more will be expected of them as the
building blocks become more complex.

| should now like to look at the
market for different microprocessor ae
types. First, let us look at the tradi- nae
tional computer market, normally 20
programmed by users or systems
houses. On the slide you can see the
growth for 8-bit, 16-bit and 32-bit 20
applications. Obviously, there is no
significant usage of 32-bit devices
yet, but those devices will start to 0
have an impact from this year |
onwards. There have been 16-bit
devices since about 1977, but the
dominant area has been 8-bit de-
vices. But the growth in the future
will be in applications for 16-bit and
32-bit devices. The limit to the expansion of these areas is the ability to understand specific
applications. The limit will not be the technology ♥ it will be the applications.

The market size
Large growth in 16 & 32 bitapplication
Emerging epplications willrequire complex hardwareand software design
☁Application expertise willbe a major limiting factor

| eae[16-8
EE] een

 
 

Anindication of just how critical this applications area is to the industry was shown last May
when| attended a meeting arranged by Intel for major consultants in the UK. Intel was very
concerned at that meeting about the ability to expand into many of the applications areas,
becausethey needed a growingfacility between the applications and the devices. Thatfacility is
very much dependentonindividual knowledgeof applications areas.It is an area whichis not
really worth a manufacturer's effort to get into, but he needsto do this to increase his sales. So
they are very concerned about applications.

Let us looka little bit more at trends in microcomputer applications. Round about 1975, very
early days so far as micros are concerned (although, even today, they arestill extremely
immature devices) applications were fairly basic, and included CRT terminals, cash registers,
scales and electronic instruments. The system requirements of the devices werefairly limited.

Today, in the early 1980s, the applications require more complex hardware and software
configurations for word processors, retail business systems and communications processors.
The systems requirements of today☂s applications are extensive and include network communi-
cation, high level languages,peripheral controllers and different types of memory.
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In the future, VLSI will find its way into many complex applications. In business dataprocessing, it will go into the small business computers area, database management systemsand graphicsdisplay terminals. Office equipmentwill include word processing systems, micro-film systems, facsimile equipment and teleconferencing products.It will also be used in financialsystems such as automatictellers, electronic funds networks and point-of-sale systems.
VLSI will also be used in data communication and telephone networks. We have covered someof these areas already in the conference. It will also be used in process control applications, and| will come backtothis later in the talk. Engineering andscientific applicationswill also use VLSItechnology. The spread is phenomenal, butit is applications dependent.
By 1985 microprocessor applications will be even more widespread. We havealready talkedaboutelectronic offices. Perhaps, by 1985, there will be 10 processors per employee on thefactory floor ♥ not under the control of the employee, but usedin different processes. Whatthese processors will need are thingslike fault tolerant computing, transparent multiprocessingand fairly sophisticated network architectures. So we will be asking these microprocessorstodo a lot more than weare asking at the moment. The systems are capable, but weareaskingmore from them. So, tomorrow☂s applications will reach a crisis level in system complexity. Ifwe cannotprovide thesefacilities in the UK, then Germany, Japan and America will producethem.
One of the problemsis the trend
with regard to the relative costs of
hardware and software. You have a
 

lot of hardware capability at an ex- Aetremely low price, and now the Hardwaremajorcost factorin any system will abe software. Software will define ceetotal e0%the identity of your product or 40% Softwaresystem rather than the hardware. 20%Manyof thetools are already avail-able in hardware, but the softwareis 12 pe bee zonstill far behind.
Let us look in a bit more detail atthree different applications areas ♥
byte handling, computation, andlow-cost control. Low-cost controlin the process control area is
handled by 4-bit and 8-bit devices The three major market segments for microprocessor componentsand it is a fairly significant part ofthe market. Byte handling, word
processors and so on, accountfor
the same percentageof the market.Computation, which mainly uses
16-bit processors, is a small percen-tage of the market, but that percen-tage will grow.

 

 

     

 

B-BitByte handling41%  
   4-Bit/8-BitLow-costcontrol41%   

 

Let us look (slide on following page)
at the 4-bit and 8-bit low-cost con-
trol market. As you would expect,it
is mainly industrial applications
(40%). Telecommunications appli-
cations (25%) are important, and
you also have some computing usage (20%), although thatis largely traditional rather thanbeing the best wayto doit. There is a small consumer area and a small military area.
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The secondslide on this page showsthe 8-bit byte handling market. Once again, this market is
dominated by industrial applications, telecommunications applications and computer applica-
tions.
The third slide on this page shows The 4-Bit and 8-Bit low-cost control market (41% of world total)

the breakdownofthe 16-bit compu-
tation market (there is a mistake in
this slide: consumer and computer ine
should be transposed). 16-bit de- acs
vices are mainly used in the comput-
ing area. That pie diagram repre-
sents only 18% of the total usageof
micros. | said before that there is
only twoyears☂ history of 16-bit de-
vices, so you takethe figures shown
with a pinch.of salt, becauseit will
change dramatically.

 

 

| want now to look into future
trends. The slide on the following
page showsthe trend in memory
bit-density, and it shows magnetic
bubblesstarting to be the dominant
area. Moving head disc drives are
important and will be significant in
micros, but we will see different Eorignitee
trends within different technolo- 25%
gies.

The 8-bit byte-handling market (41% of worldtotal)

If we look (secondslide on follow-
ing page) at dynamic RAM trends, ;
throughout the 1980s we will get a
more and more devices on a chip.
This is what people predict, and this
in fact will happen. The motivation
there is to provide cheap memory.

 

 

But if we look(third slide on follow-
ing page) even further into the
future, we have to change our
whole attitude to prediction, be-
cause what actually happens will

The 16-bit computation market (18% of world market)

 

dependnotonly on what people can
do with technology and particular
devices.It will also depend on what
motivates them to doit. So there
are threelines on this prediction and
it goes right on to the year 2000.
The middle line is the best predic-
tion of what will happen from pres-
ent knowledge. But there are two
bandsoneitherside of the best pre-
diction. One band depends on the

         
Telecom34%

Computer17%

Industrial
7%

Mil/aero14%     
 

industry having the motivation to reduce the cost of the packaging. The other band, the top
one, assumesthat there is no such motivation. If the suppliers muddle through, they will go
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along the top trend. If there is somethinglike another space race or, heaven forbid, a war, thenthey will go along the bottom trend. These are the factors that will affect how dense memo-ries will be, how muchit will cost,
and the capabilities of particular de-
vices.

The same arguments apply to the
future trend of the speed of LSI cir-
cuits. Again, it depends on how you
approach the technology. Oneline
of the slide on the next page shows
a trend that depends on new mate-
rials. We do not yet know what new
materials will be available round
about 1992. But we can predict on
the basis of what has already hap-
penedin the last decadethatthereis
likely to be a breakthrough where
the materials will cause an increasein speed. But if we do not do any-thing the situation will be different.
So it is not so much what people
can do,it is what motivates them.

The secondslide on the next pageshowsthe future trends of the cost
of random access memory, again
on the samebasis.

Long term trends in memorydensity(shown on the third slide on thenext page) will also depend on moti-vation. Referring back to the space
race in the 1960s, the technologywould not have advanced at thepaceit did if there had not been thespacerace.

That's enough about long term pre-dictions ♥ let me now look at whatwill happen in the next five years.Thefirst slide on the page after nextis producedas a result of Intel pub-lishing its plans for the next fiveyears. This is significant, becauseit
is not very common for computermanufacturersto publish their plans
for the next five years. But Intel has
taken this step because not only do
they feel that it is important to
identify where they are going, but

Trends in memory-bit density show magnetic bubbles as today☂s densest devices
   1

 

aa
(source: National Semiconductor)
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also because the problemsassociated with the usage of the deviceswill be greater than the factthat they can actually build them.
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The chart starts in 1974 with the 8080, and that device is the basisforall the other families. At
each arrowhead we have the processor of the family, and behind that are the supporting
devices. So we have the 8080 with
an 82XX and 825X, which are de-
vices that have not been announced
yet. So the 8080 will notdie off, it
will expand in the near future, but
not for that long.

The 8085 has similar functions to
the 8080 butitis a faster device. The
8088 is a 16-bit microprocessor with
an 8-bit data highway. Thenthereis
the 8086 which is a 16-bit device.
With the 8086 you have the 8087
and 8089, which are an arithmetic
processor and I/O processor res-
pectively. Towards the bottom of

[Average propagition dolay/gates) at constant powergate

Speedper gate at constant powerin LSIcircuits

 

  LSI technologies |power/gate 10-"W

Sea
e
a

i i ☜i i i i

 
the slide you havesingle chip micro-
processors with less capability. |
should like you to consider these Forecast of cost per bit for random access memory (RAM)
three devices on the righthandside: 
the micro-mini, the micro-maxi, and E\
the micro-mainframe. There is some oa |
information on the secondslide on Pee |
the next page about them. ar \ |

What| have doneonthatslideis to
relate the three devices to a stan- 2 | i i i & i z a

dard microcomputer and a micro- Ee \ CC |
controller. The microcomputer is E " xe
the 8088 and the microcontrolleris fs VN
the 8022. As the functionality in- le es
creases the numberof bits per de- aee fay wy
vice increases, and obviously the aera 7a Se) ee ee ae
price increases also. The perfor-
mancerelative to the microcontrol-
ler shows you that the micro-main-
frame has a CPU performancebe-
tween 20 and 70 times greater, and
the 1/0 ability is 6 to 45 times
greater, depending on how you use
It.

 

If we look at the memory addressing
capability, whereas there is 1k ad-
dressing on a microcontroller there
is between 256k and 8 megabytes
of addressing on the micro-main-
frame. Memory managementtypes
and howthey are implemented are
shownontherighthand side. The
important thing to rememberis that
the first memberof that family, the
micro-mini, will be available this year. So you are now beginning to getfairly complex and sig-
nificant capability on silicon.
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Onthethird slide on this page | have a comparison of performance for the same price between
1978 and 1985.
| should like now to cover the other
factors that will affect the tech-
nology trends. | have talked about
the density of devices, the cheap-
ness of devices, the speed and so
on. Peripherals will be an important
factor. During the early 1970s there
was fairly healthy competition
amongst minicomputer manufac-
turers to get a piece of the action on
peripherals. You had small compa-
nies providing discs, magnetic
tapes, input/output devices and
printers. In fact a lot of the mini-
computer manufacturers began to
moveinto that market themselves.
DEC, for example, hasa fairly large
peripherals facility now. Wherever
micros were used, theseperipherals
manufacturers started to respond
with their products by extending the
products downwards,bothin price
and capability, to cater for the micro
market.
To begin with, you could probably
best characterise these peripherals
as cheap and nasty, and there are
still some around today. Buta lot of
them have matured and are now
providing significant capability at
the microprocessor end of the
market, to cater for particular appli-
cations. There are people like Qume
and Xerox producing printers, pri-
marily for the word processing mar-
ket; but now DEC, Data Products,
and Racal are starting to impinge on
that market.
Traditionally the storage on a micro
has been via floppy discs. The cur-
rent capacity of a floppy disc is
about 1 megabyte on an in.
double-sided, double-density disc,
and about % megabyte on quad-
density 5% in. discs. Burroughs
have announced an 8 in. drive giv-
ing 6 % megabytes. Floppies are im-
portant, but, for micros, Winches-
ter discs will be really important.

 

 

  1974 13781976 1977 ☜1978
  
Yes ♥♥>
i973 1960 1Si 1982 1983 1994 1965
 

Microprocessor functional classes
 

 

  
 

 

 

 

          
 

 

 

 

 

Performancerelative MaetoreMio eystom Level of Typeal Teeclass functionality

|_

price cpu vo

_|

(bytes) Mensserers
Micromainframe 32bit $400-$3,600} 20-70 6-45 256K-8M dynamic addressing,

☁segmented or paged:ee
Micromaxi _|16 or 32 bt S100-S500 25 12 [1281M structured addressing,
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System evolution, 1978-1985
At a constant price, performance greatly increases

1978 1985
Home computer 16 KB RAM 128 KB RAMCassette 256 KB Floppy disksince cRT cRTThermalprinterPersonal computer 32 KB RAM 512 KB RAM80 KB Minifioppy 1 MBFloppy diskOe cRT CRTThermalprinter Impact printerWork station 64 KB RAM 1MB RAM

0.5 MBFloppy disk 10 MBFixed storagegaccoo CRT 2 MBFloppy disk
Thermalprinter CRTImpact printer

Smail business 128 KB RAM 4MB RAMcomputer 10 MBDisk 80 MBFixed storageCRT 8 MBFloppy disk$30,000) Impact printer CRTImpact printer

They will be very significant because oftheir reliability, their cost, and the packing density. Youare now talking about between 8 and 60 megabytes on a Winchester, which costs between
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$1,000 and $5,000. That is obviously significant for the future of storage on small machines.
Theproblem with the Winchesteris thatit is fixed and you cannotuseit for archiving. Another
device that has recently been announcedis a cassette that can store 35 megabytes in seven
minutes. Also, you are now getting removable cartridge Winchesters and 5% in. Winchesters,
so the technologyis notstatic.

There are also improvements in communicationsfacilities for micros. | will not go into the
communications area very much becauseother speakers have already coveredit, but there are
obviously things like ring networks, Z-bus and Ethernet.

Limitations to growth of the use of micros are dependent upon applications, and applications
are dependenton software. If we look back at the software developed to date for micros,it has
been pretty pathetic. Initially, the software was developed by engineers, using assembly
language when they developed microprocessorcontrollers for a particular process application.
Later on, Basic was introduced, then some micros provided Fortran and Cobolfacilities. Some
microprocessor manufacturers now provide operating systemsat, for micros, fairly expensive
prices. But there again we come backto motivation. If there is a reason for a particular product,
someone will provide it. A case in point is a company called Digital Research. It is not a
computer manufacturer;it is not linked to Intel, Zilog, or Motorola; but it produces an operating
system which will sit on any Intel computer and any Zilog computer, either 16-bit or 8-bit. The
Digital Research people estimate that there are 100,000 existing users capable of running their
operating system, andit sells for £200 or £300.It is not the greatest operating system around,
and anyonecan dig holesin it. But it is transportable and there is now a complete software
package industry sitting on top of their CPM. It is a low-cost product designed for masssales,
and that is what the micro businessis about.

The approachtaken byDigital Research cuts across the whole idea of committees for standardi-
sing software and hardware, that take years to come up with an ANSI standard. That company
found the needfor a particular operating system, producedit, and sold it to so many people that
people now haveto pay attention to it. Their operating system has now become a de facto
standard, and they have now produced a multi-user version.

The same thing happened with hardware. There is a hardware buscalled $100 which is now a
de facto standard. Again, it is not the best interface bus, but so many people are using it that
the IEEE in America now has a committee working to produce a standard based on $100.

This slide showsthe percentage us-
age of languages on micros. At the
momentBasic is the dominant lan-
guage. Basic will continue, but the
language to watchis Pascal.

 

8 Basi
c

| have now lookedat facilities, at
software, and at trends within the
hardware structure. | would like now 20
to look at some applications, begin-
ning with data processing. Micro- 20
processordevices are developing at
a tremendousrate andthereis an in-
dication within data processing
circles that perhaps you oughtto be
considering them. However, there
is a problem because most people want to be sure that the systems they purchase are
mature. They do not want to burntheir fingers on untried systems ♥ they want someoneelse
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to use it first. But the incentive for using micros in data processing or, more likely, for
connecting data processing installations together, is price.
The trend in the technologyis for devices to become obsolete in 2 to 3 years, and thatis yourfirst major problem. Wheeled transport existed for thousands of years. Then cametheindustria-lised society, and Watt's steam engine lasted for 102 years. Capital equipment in the 1930s waswritten off in 30 years. Mainframes todayare written off in five to eight years, depending on theinstallation. Micros will become obsolete in two to three years. An analogy with this is someonewho bought a pocket calculator in 1975 with an LED display and four functions, for £20 orthereabouts. Nowadaysthey probably do not use it because they have to replace the batteriesevery two or three months.It is not obsolete,itis still perfectly capable, but thereis somethingbetter on the market, with more functions, with LED displays, and you replace the batteriesevery 18 months.
The samething is happening with micros. They are not becoming incapable of being used, butsomething more costeffective has come onto the market. Thatis a difficulty for any companywhich is basing a product on microprocessor development. One of the problemsis that youhave to get the product onto the market as quickly as possible to make sure that you comewithin this two to three year period. That problem impacts on the whole development processof the product. If you do not have muchtime to develop the product, you do not spend toomuch time on designing for maintainability, or reliability, or testability. It does not happen inevery case, but there is a tendency to get the product on the market atall costs.
If you look at data processing, smaller machineswill affect the decision making processin dataprocessing. Youareall familiar from your trade journals of trends both in smaller machines andincreasing capability. You have now to consider smaller machines as part of the procurementexercise. You may decide notto doit, but you really ought to consider whetheror not a smallmachine is capable of meeting your needs.It is your decision whetheror not to use a smallermachine.
Data processing people will have to be much more concerned with the technologyandthe tech-nical abilities of systems rather than with resource management. If the systems cost less, youdo not necessarily need to make sure that they are kept at maximumefficiency, 24 hours a day.Technology will change the whole structure of computing becauseit is becoming cheaper. Sodecisions will have to be madeata fairly senior level. That is an indication of the waythings aremoving. People can no longer basetheir activity on established computing practice.
Let us look at process control. Process control is different from data processing becauseitisengineering based and is concerned with a morerigid discipline thanis traditional with dataprocessing. With process control, we are concerned with physical interfaces ♥ pneumatics,mechanics,orelectrical interfaces ♥ rather than primarily with information, although wecoverthat as well. But processcontrol is very much concerned with real-time tasks. This is where thehistory of micros is important because they grew out of minicomputers rather than batchprocessing machines, so they have an inherent ability to deal with real-time systems.
On theslide on the next page | have shown a typical block diagram of a microprocessorusedinan industrial application. You will see there is the chip in the centre, connected to ROM andRAM memory. ROM memoryis used for your program and RAM memoryis used for storingintermediate data. The whole deviceis timed by a real-time clock. There is cassette storage foryour programsandfor storing data. There are a numberof interfaces for printers, for alarms,and forserial and parallel communication. There is also the facility for analogue to digital con-version at fairly high speed, and you can multiplex your digital inputs.
The implication of microprocessors for process control is that you now perform tasks insoftware that you previously performed in hardware. One of the problems in process controlapplications is that the engineers who are processing the data need to learn about software
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which they have notpreviously been involved with. If, however, the engineers have a structured
approach to hardware,then the transfer to softwarewill not be too bad for them. However,that
has not happened in many process
control applications. So manypeople hire computer experts to Bea eee
write the software for them andif ="
these experts do not know enough
about the engineering process they
will create all sorts of problems. The
capacity for error is phenomenal.

    
 With process control applications

you basea fairly critical process on
somethingthatis fairly inexpensive.
If you have not engineered the de-
vice in the same way as you would
engineer a much more expensive
hardware solution, you can build a
device that does not work. A low-
costsolution is no longer low costif it does not work.It is low costonlyif it does the job that it
wasdesigned to do.

   
 

One of the problems with microsis that there are a tlemendous numberoffairly young engi-
neersin the industry, without any experienceof applications. They know lot abouttheinternal
architecture of a Z8000, or an 8086 and could probably discussthe differences muchbetter than
| could. They are getting into senior positions and they do not appreciate the problems ofthe
total reliability of the application. The situation is getting worse. Youseeplentyof job adverts in
the technical papers for microprocessor engineers, and if you can spell the word you can get a
senior engineer's position. Not only is the companylosing out, but the engineer himself is losing
out becauseheis never receiving appropriate training. When | did mytraining in the early 1960s,
| started as a raw graduate in fairly big industrial organisation. | made lots of mistakes, as we
all do, but most of my mistakes were trapped by someone moreseniorthan | was, who knew
what | was doing, who understood what the problems were, and whoshielded the customer
from my problems. With micros this is not happening. Today, companies employ a micro
☜expert☝ at 23 or 24, who makes mistakes and probably leaves the companybefore they are
found out. | know that this is a jaundiced attitude, but it is a very significant problem with
respect to companies using microprocessors for thefirst time. If you do not understand what
the experts are talking about, do not assumethat they are correct.
One way of overcoming this problem is to get help in the assessment of new applications. The
Departmentof Industry are helping here by funding thefirst £2,000 of a feasibility study for
most microprocessorapplications. But there is another problem with that scheme, because the
DOIhasnotvettedits consultants very well, and there are a tremendous numberof people who
will be quite happy to take the moneyoff you. | am pessimistic about micros so | am not going
to give you a happypicture of the situation.
If you look at the trends in the data processing industry (which are shown ontheslide on the
next page) you will see that only programmerproductivity has grown less quickly than system
reliability. One thing that should be pointed out with respect to microsis that system reliability
may well affect the hardware and systems software, but it certainly does not apply if you put
applications softwareinto it.
Looking now at hardwarereliability, the secondslide on the next page shows some phenomenal
figures for mean time betweenfailure. Micros are small, cheap, consumeverylittle power and
they are highly reliable. People assume, therefore, that they must be able to workin their
application without any problemsin the future. Without doubt, the hardwareitself is highly
reliable. But if you put the software in the hands of someone whodoes not know whatheis
doing, or does not know your application, you can forgetall about reliability.
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Mythird slide onthis pageillustrates the softwarereliability problem. This is not specific just tomicros, but it is very relevant for micros. People may disagree with the figures on theslide,but they are fairly indicative of
whathappenswith software. Look Data processingindustry growth trendsat that bottom line. The average
fraction of errors due to. program-
ming mistakes is one-half. That
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error is phenomenal.

The first slide on the next pageshows the expenditure during the
 

life cycle of a normal fairly large Failure rates and meantime between failure Motorola MC6800 microprocessorproject. | have split it into four SSphases. The conceptionstageis a eee jagfairly small percentage of the cost, 1974 1.27 78 000not because there is not muchef- 9)fort there but because you are not ace oeusing processor time and you are SS eynot using

a

lot offacilities that you (95)have to uselater on. 1977 0.08 sea
(4

1978 0.013 7 700 000During the development stage you C2)start to use more facilities and it ie 10.606 665(1901)starts to cost a lot more. During the
production stage you use a lot
more facilities, and even more
during the operation and supportstage.

 

Softwarereliability parameters

 
If you look at the secondslide on
 

 

the next page you cansee that the faeoe anesimpact of the conceptual stage on Average number of initial program errors 1 per 100the total life-cycle cost of the pro- Sree ef sourceject is much higher than anything Oere Ainehoes
 else. So you makedecisions during

that first stage which will lock-in
your life cycle costs. You may be
able to increase the costs but there
is not much chanceof being able to
reduce them at subsequentstages.
This comes back to the problem of
micros. If you are too hasty in de-
veloping a solution to the problem,
you will miss out on this first stage; you will not spend enoughtime in defining how you areactually going to do it.

Average manpower to correct an error 6 man-hours
 Average computer time to fix an error 2 hours

Average number of errors per new system software release ☁1,000
 Average fraction of errors due to programming mistakes %   
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| have an exampleon the third slide on this page of the different time scales, depending on
whether you jumpinto coding your program or whether you designit before you codeit. If you
spend a fair amountof time design-
ing the program before you codeit,
you will end up with less time being
taken up by the whole project. But if
you jump in without designing the
program, it will cost you a lot more
time to debugit and to implementit.
The first slide on the next page gives
a graphical indication of the twodif-
ferent approaches.
How doesthis affect micro develop-
ment? The second slide on the next
pageis a fairly simple graph repre-
senting thereliability of most soft-
ware systems, but it can also apply
to failure rates on micros. You even-
tually get the system debugged.
Then you haveto changeit. Coping
with changeis one of the problems
with micros. If you do not think
about the changesfirst and about
how you are going to bring out
version 2 or version 3, it will cost a
lot. It will also cost you a lot of fai-
lures. The point indicated by ☁☁A☂☝☂ on
the slide is where the system was
scrapped andtransferred to a new
machine, and the problems have
started again.
| should like to finish by reviewing
the trendsin the single chip compu-
ter market between 1979 and 1984
(shown on the third slide on the
next page), andrelate these to a for-
midable force that is entering the
field. The first three slides on the
page after next show the dollar
value, the averageselling prices and
the number of units shipped for
4-bit, 8-bit and 16-bit single chip
microcomputers.
The 16-bit market has changed
becauseit only started recently.
The fourth slide on the page after
next shows the important thing,
and that is Japanese production of
electronic devices. The top line
showstotal production, and theline
below showsimports to Japan. The

Expenditures duringlife cycle
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3% Development    
 

Effect of early decision onlife cycle cost
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Effort applied in poor and good programs

☜Coded☝ ☜Designed☝Program design 5% 35%Program implementation 45% 10%Debugging 50% 35%
Subtotal: 100% 80%Maintenanceover life 25% 5%Modification overlife 50% 10%
Total: 175% 95%

 

bottom line shows the Japanese exports. Round about 1984, Japan will be a net exporter of
electronic devices, and the States will take 60% of these devices. So the emphasis of semicon-
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ductor manufacture is changing from the States being a net exporter to becoming a net
importer.

Rememberwhat| said at the start ♥
that the people who manufacture
devices will be the systems sup-
pliers of the future and they will get
the major part of the total value.
Finally, let me look at Japanese pro-
ducts. Thefinal slide (on the page
after next) shows some of the
Japanese manufacturers and their
involvement in the market, either as
a major vendor, or entering the field
with a strong capability. As you can
see, the Japanese manufacturers
cover a wide variety of products.
That is the situation with the
dominant country in the business.
They have better CAD facilities than
the States, and they now have set
their minds on software. The Japa-
nese have always known where
they are going, and they will be very
dominantwithin the first half of the
next decade.
| should like to finish by quoting
from a recent article in the journal
Management Today, whichstarted:
☜The UK is on the vergeof the big-
gest technological change since
the Industrial Revolution, and it
presentsall the confidence of an
old lady trying to cross the road.☝☂
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Worldwide 4-bit single chip microcomputer market (excludes calculators)
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Major Japanesesuppliers and their products
Source: Most & More Inc., Tokyo
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SESSION H

THE FRENCH ELECTRONIC TELEPHONE DIRECTORY
AND THE TELEMATIQUE PROGRAMME

Roy Bright,
Intelmatique

Roy Bright's earlier career was in the British Post Office and included the marketing of the
experimental packet switched service, but it was in the early 1970s that he became the world☂s
first viewdata commercial manager. Later, as head of the Prestel international division, he
negotiated the series of software agreements with West Germany, Holland and elsewhere.

Since his more recent appointment by the French administration to set up a non-profit making
commercial subsidiary, he has established ☜Intelmatique☂. As managing director, he leads a
multi-disciplined team of experts and has global responsibility for the promotion of the French
Télématique programmeandis already collaborating with several foreign organisations planning
to use this French technology.

| have addressed membersof the Butler Cox Foundation on previous occasions, wearing a
different hat. | hope today that | will be of some use to you, to inform you aboutthe plans in
France. Thefirst point is that my mission is not just concerned with videotex, although that
naturally is an important feature of the French Télématique programme. The programme isa
generic title. Its title was coined originally in the Nora-Minc Report, a couple of years before |
wentto France, to describe what could best be described as the convergenceof informatique,
the French term for data processing, and telecommunications. Having been coined, the term
tended to lapse. But | found, on going to France, that it was a much more attractive word than
☜compunications☝ and otherrather clumsy words that have been bandied around overthe past
year or so. | suggested that we might adoptthe term as the focusfor this French programme, so
we have now the French Télématique programme. Weare quite happy if people want to spell it
with a ☜c☝ instead of a ☁☁que☝or, in the case of Germany, witha ☂k☂☂. | have asked peopleto feel
free to do that, but atleastit is nice to have a word that trips easily off the tongue.

| think that it is important to have thistitle, because | believe that in the coming years
Télématique will become more and more importantto us, both in our businesslives and in our
private lives. However,there are a numberof key features to bring out. It is one thing to have a
term, it is another to understand whatit means and whatareits implications.

First, the programmeof Télématique has been developed in France as a national programme. It
is only more recently that the international market opportunities have been identified and
addressed. | will come backto this with some of myslides later, but essentially it is a dynamic
programme. Eversince| have been in France wehaveinherited at least three products to add to
those which were first mooted when | went over there.

One wayof defining the Télématique programme ♥ with apologies to a well-known American
company ♥ is the 3M's. It is multi-product,it is multi-supplier, and it is multi-application. To
avoid embarrassing 3M we mightcall it the 4M's, becauseit is also multi-national. Those
objectives of multiple application have at their root the French Government's ambition to create
an information-based society during the 1990s. This is not to say that every home, or every
personin every homewill be sitting downat keyboardsall day, tapping to each other. Whatis
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important to recognise is that the Télématique programmeasa first objective, and yet a veryvital objective, seeks by economies of scale, by mass production, and by the useof the ever-decreasingcost of LSI, to bring the price of these products and services downto a level whichinitially will penetrate much more into the small and single man business sector, andlater eveninto the home. One importantinitiative that the French are taking ♥ the electronic directoryservice ♥ is addressing that goal specifically.
The four factors that | have identi-
fied on this first slide are an attempt
to encapsulate all the objectives andthe opportunities that have been USsreerm
described for the Télématique pro- esiicc

Saeaeegramme. First, acoherent R&D pro-
gramme ensuring compatible prod-ucts. Unlike many countries ♥ and ~ USE OF SEMI-CONDUCTOR TECHNOLOGYto someextent| include the UKin eaegyeeathis ♥ there has been a very serious elieerased) PHILOSOPHYattemptin France to coordinate the alanianR&Dworkfor the Télématique pro- es TWENT TO ACHIEVEgramme. If you look at the most ob- : JISATION WITH FOREIGN NEEDSvious and striking examples of the
broadcast teletext systems and theinteractive videotex systems, knownfondly as Antiope and Teletel respectively, they havetheir origins in a commonresearch anddevelopmentcentre, in Rennes. Both the telecommunications authority and TDF, the Frenchbroadcastdiffusion authority, jointly fund that research centre.

 

This coordinated R&D also takes advantageof the favourable trends of the price of technology.| suggest that, withoutthat, many of the things that we havediscussedin the past two dayswould not have been possible; and naturally that applies equally to the Télématiqueprogramme.
The next factor is a modular design philosophy to maximise adaptability. That is a bit of a buzz-word phrase, but whatit meansis that each product has been developed essentially to createthe maximum Opportunity, or synergy, to which these products can lend themselvesin variousapplications. When welookat the electronic directory you will find that the technical compati-bility betweenit and Teletelis a striking example of that goal.
The fourth factor is a commitment to achieve harmonisation with foreign needs. Those of youwhofollow closely the videotex discussionsin CCITT might smirk

a

little at that, but the factremains that a key objective in Franceis to create ultimately a world standard, but certainly aEuropean standard in such matters as videotex, facsimile and so on. It also means that productsdesigned for the French home marketwill not necessarily be readily adopted ♥ or even suitable♥ for overseas markets. So there is an attempt here in someof the design options that arebeing plannedinto the French national system to maximise the opportunity to relate them moreclosely to foreign needs.
So the first of the Télématique family is the videotex system development, which is calledTeletel in France. There are a numberof important, fundamental points of a non-technicalnature to make about this development. The first and most striking point is the objective of theFrench PTT not to become an information database manager. That puts it in a nutshell.Essentially what it meansis that the PTT will, following the Velizy trials, back off completelyfrom database managementand that activity will be conducted by the industry itself ♥ be itprivate industry, government agency, or whatever form they represent.
That has important implications, not least of which is that the industry, including the supporting
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industry, the software houses and the hardward manufacturers, has to be much moreversatile
and flexible. A centrally-managed videotex system has some strengths. For example, every-
body knows which wayheis going,
and, provided someonegives a di-
rection, it is easier to conform.
However, in conforming, you per-
haps lose some of the benefits and
someofthe striking features of the
development of that videotex ser-

UEa
vice. VIDEOTEX SYSTEM DEVELOPMENTS

; eetses)In France, on the other hand, it does: i ; et 370633hat th hBeor cuetteich maneae(Ge Ses
type of index structure each data- BeeeaUt
base should use, and the type of
security level that should be im-
posed within the database opera-
tion. That is a complication which |
am sure many of you, as users of videotex and like systems, will appreciate is a key one,
particularly if your ultimate aim is the mass market, and the untrained user.

 
The French objective does, however, bring some benefits in its wake. It meansthat if |amina
banking operation and | wish to make use of Teletel, | do not have to concern myself with the
factthatit will take X months, or maybeyears, before certain levels of security are available for
me to exploit in order to allow my banking operations to be free from misuse. Because the
responsibility is mine, as the operator of that system | will decide whatlevel of security | require
and whether| should invoke somesort of ☁☁smart☝ card.

Similarly, if | am a mail order operator, | do not have to worry abouttrying to transferall my
inventory, all my database material on to someone else☂s system. | operate my own system and|
decide who| allow onto that system. | decide whether they have to have certain passwords if
they are agents or the end user, and | decide how | update and index that system. Maybe

a

tree
structure is not the best way to handle a particular application. So the French approach has
strengths andit hasits penalties, but one thing it does haveisflexibility. | would suggestthat, in
many cases, the concern expressed about market confusionvis-a-vis different types of indexing
structures can be overcomeif the operatorof the system is allowed to make his own decision.
He knowsbetter than any PTT who his customers are and what they can best comprehend
whenthey wish to access his system. So in a way| think thatit is putting responsibility where it
best belongs.
Another key point that it brings in its train, having referred to non-tree-structured indexes,is
that you have to assumethatall terminals will have a full alphanumeric keyboard. Otherwise we
will be in real trouble if we try to offer some sort of associative search technique and 80% of
your users have numeric-only keypads. So again there are certain ramifications of that original
decision that the PTT,in principle, should not be the database manager. These ramifications
haveto be taken into account, and | suggest they are worth noting when you are tempted to ask
whatis the difference between Teletel and Prestel. There are some fundamental differences
which are not technological differences per se but are much more concerned with features,
attitudes and policies.

To summarise onthisslide, firstly | have referred to the greater responsibility on the industry, on
hardware suppliers and on software houses. | have also referred to the fact that to serve the
growing numberofservice providers planning to take part in the Velizy trial, which starts in two
and a half months☂ time, there are different types of customerinterest. For instance, a stand-
alone devicetypically would be needed by a company which,for whatever reason, had decided
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to go into Teletel without any existing commitment. Maybe they do not have a computeralready, or, if they do, they do not wantto disturb that side of their business. Whateverthereason, they want a separate application because of the advent of Teletel. Whereas,as|mentionedearlier with the mail order example,if | have an existing database and| wishtoutilisethat, then | am interested in a front-end solution. The particular example that | have in mind herewould be two of the major mail order companies in France. Both have IBM 370s which carrytheir present database. So they have been offered a solution by the industry which wouldinvolve an IBM Series-1 emulating a 3270 looking into the database, and matchingtheTeletelstandards and protocols looking out to the network.

The Portabase is a trade name ofa particular piece of hardware developed in France,butitrepresents a range of options, which essentially is a mini-videotex system. A numberofsimilardevelopments have already occurred in the UK, becauseit is recognised that thereare certainapplications where a modest-sized, low-cost, stand-alone videotex system could be of usewithin an organisation, and if that organisation is geographically dispersed it does not matter,The Portabase rangeis an indication of those types of developments.
Finally, there is the concentrator. Youwill appreciate by what| havesaid earlier that if you havea distributed database ♥ whichis essentially what Teletel envisages ♥ and an equally widelydistributed customerbase, the networking becomesa very importantfeature. In fact, one of thebenefits in France that has enabled the PTT to take this rather more transparentrole, is theexistence of Transpac, which offers distance-independenttariffing. So in France you will havethe appearanceoflocal concentrators which will handle the interface betweenthelocal popula-tion of Teletel users and, if it is over a longerdistance, link you in to Transpac, which will thenact as a main highwayto the distributed databases.
The other form of concentration should not be neglected, because the very nature of thesystem puts much more onus on the need for a menu ♥ a menu of information or topics thatare available somewhere in that widely distributed system. So there will be a need for someform of concentrator, but working more in a commercial sense. Indexing and maybecentralisedbilling and tariffing and other features can be incorporatedin it, as distinct from the communica-tions concentrator to which| referred in the previous example.
To give one angle on the approach
to Teletel, this model represents aThomson CSF device which isbased on an existing TV display.
Underneath the display you will ob-serve the rather smart plinth on
whichit stands, which contains as
you would expect the decoder,modem and soon. Thelady in thephotographis holding thefull alpha-
numeric keypad rather than the nu-
meric only keypad to which | re-
ferred earlier.

| should add that since January 1980
the French TV manufacturers haveagreed that all sets produced will incorporate a special interface for such things as videocassette recorders, but which includes an external adaptor for videotex systems. That meansthat anybody buying a TV since January 1980 automatically has an interface built into the setwhich overcomesoneofthecriticisms of external adaptors ♥ namely the slightly poorerqualityimage that one gets if you go in through the antenna.
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The second memberof the Télématique family, electronic directory systems, generates more
interest than any other single product in the Télématique programme. It is worth spending a
few moments on it here, then we
will come backtoit later with some
application examples. Essentially it
refers to the ability, as you would
expect, of any electronic directory
system worth its salt to meet the
needs of PTTs and carriers. That
was the main reason for the French
development. The intention is that
there will be a supply of low-cost | 2 aly) CARRIER NEEDS

i"

USSernana.
Rea

terminals to all telephone subscri- suees
bers, enabling them to access the aania
electronic directory databases at no EUs
cost to themselvessofaras the ter-
minal hardware is concerned.

 
This system has already started a
series oftrials. One tookplace last June through to September, with about 50 customersinvolved,
primarily to address the questions of man/machinedialogue ♥ the userfriendly approachthatisso
importantif it is to succeed. Later this year, in June, anothertrial will start with about 1,000
terminals, andthistrial will refine someofthe lessonslearnt from last year. Inthe last quarterof this
year, the 2 million usertrial will start. It is scheduledto take placein Ille et Vilaine. In that location
the complete database of directory entries for that department of France will be mounted, and
every telephone user in that department of France will be equipped with oneofthe electronic
directory terminals.
For non-technical reasons, during the trial the terminals will not be allowedto accessthe Teletel
databases, which by then will also have been established. But | stress that the reasons are non-
technical. In other words, there are certain implications vis-a-vis newspaperattitudes to the
classified ads/Yellow Page greyarea. (This areais the focus of attention in manypartsof the world,
including the USA.) Nevertheless, | stress that the reasons are non-technical. Technically, those
terminals and the network could allow that access to happen very readily.

My next heading ♥ commercial applications ♥ is to remind metostressthat although the system
wasdeveloped for an electronic directory, there isabsolutely no reason whyitshould notbe usedin
non-directory areas. This is an important point because ofall the publicity (and indeed the soft-
ware), whichis designed to emphasise the directory application. However,if you stop to consider
the terminal, with a low-cost monochrome screen, with a Teletel decoder built into it ♥ itis equally
happy working with othertypes of information. Less obvious, but equally true, is that the software
developed forthis system can be exploited for many other types of commercial applications in
waysthat are not apparentatfirst sight. For example,the basic fields the software uses for the
directory mustincludeinitials, name, address details, telephone number, and maybe professionif
we are looking at the Yellow Pageside.If you think of that as a set of four orfive fields and you
replace some of those headings with other topics (such as catalogue item for telephone number
and item descriptor for name and address details), you can begin to visualise that there is a certain
transparency about this software that lends itself to non-directory applications. It is worth
considering this as second-generation videotex, because once you start to see some of the
demonstrations and the capability of this software, itis very impressive. It uses full alphanumeric,it
uses inverted file techniques,and it allows you to have focusing ♥ we have taken someterms from
photographylike ☜☜autofocusing☂☂ and ☜☜autozoom☂☝. If you are looking up a telephone numberina
strange town, oneofthefirst things that the system will ask you if you do not havethefull name and
address details is, ☜Which district?☂☂ ☁Would youlike a list of districts?☝ Answer: ☁Yes☂, and up
comesa list of districts. Now you canstart searching from that angleif you prefer.

All these techniques and the software to support them have tremendousvaluein any non-profes-

115

  



sional area that youlike to envisage.
Another important example would
be in the problems of misspellings
and phonetic problems of that na-
ture. Again, the software has been
designed to cope with those prob-
lems. So | would arguethatthis is a
very useful example of second-gen-
eration videotex software.
Some of the hardwarefor the elec-
tronic directory system has been de-
veloped. The French PTT placed re-
search and development contracts
for the terminals with each of four
major manufacturers: Thomson
CSF, Telic, TRT (the Philips☂ subsi-
diary in France) and Matra. The PTT
defined the characteristics of the
service in the form of a facility speci-
fication and allowed the manufac-
turers to work out the technical
solutions and the packaging. These
four slides show an example from
each of the manufacturers, al-
though most of them prepared four
or five different versions just to
show the variety of treatment that
they each applied to the problem.

They are very neat, and could look
somethinglike the final version that
will be used in the trials at Ille et
Vilaine. One of them is interestingin
the sense that it has an integrated
handset. This is anotherinteresting
feature, particularly when we look
outside of France in terms of the use
of these terminals in other countries
for non-directory applications.

The next item (seefirst slide on next
page) on the Télématique list is
mass facsimile. There is nothing
newin facsimile, and nothingparti-
cularly new aboutfacsimile over the
normaldial-up network. Whatis in-
teresting, however, is the key word☜low-cost☝. Typically, US$500 is
the target cost per unit, and the
production envisaged to reach that
target would be a million units over
a ten-year period. As you will appre-
ciate from those numbers, we are
not now talking of penetration into
every home,but rather penetration
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throughout the complete strata of
business organisations right down
to the smallest shopkeeper. Mass
facsimile units could provide small
businesses with the added benefits
of a low-speed photocopier and
hard copy videotex output, where,
for example, a shopkeeper uses
videotex and wants some hard copy
occasionally, yet does not wish to
afford the price of the dedicated
hard copy device.
Of all the Téleématique family, mass
facsimile is the trickiest to give time-
scales, objectives and dateson. It is
not as advanced in somerespects in
terms of commitment from indus-
try, in terms of definition and so on.
Later this year a pre-production
model should appearfor evaluation,
but if someone said to me today,
☜I'd like a thousand of those mass-
fax units in the next six months,☝ |
would be embarrassed. But we
would try.

Here (second andthird slides onthis
page) are two examples of the
manufacturers☂ products that have
been developed along theselines.
The first one was Thomson, and
this one is Sagem, the Safax 2000.
As you can see,it is rather battered
looking, becauseit has been carted
around many placesin the last few
months. So massfacsimile is an ob-
jective and will be appearing in the
next couple of years as a viable,
low-cost product.

Moving now (fourth slide on this
page) to Telewriter ♥ this needs a
little more explanation because it
has not been around for long, al-
thoughthe principles and the tech-
nology are well established. It is
an interactive graphics / manuscript
service provided over the PSTN.
The history of Telewriter is that
the audiographics teleconferencing
commitment in France is quite big
♥ indeed part of the Télématique
programmeis to promote that de-
velopment. To support it ♥ thatis
to add the graphics element to the il117
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main audiographics ♥ the Telewriter has been developed, andfor that reasonitis fairly high
costin termsof its comparatively low-volume production. However,| have taken the view since
| came to France that Telewriter does have someinteresting capabilities in its own right ♥ ona
station-to-station or person-to-person basis rather than an audio studio-to-audio studio basis
over a leasedline. Indeed, provided the PTT in any particular country give their blessing to the
actual modem, there is no reason why simultaneous speech and telewriting should not be
achieved between two people talking over a normal, dial-up circuit.
Thelast item on theslide refers to a second-generation development, the prototype of which
appeared in 1980. The prototype hastheability to create a mixture of videotex information and
telewriting graphics, such as a signature, on the same screen. This development has some
software implications at the videotex level because you haveto link maybe four videotex frames
together to carry the mix of videotex data and the telewriting material. Nevertheless,
technically, we have shownthat this can be done.
Let me move onto the current ver-
sion of the telewriter. It is limited to
the colours that you see on the
slide, red and green, anditis limited
in terms of the size of the writing
area to not muchlarger than a sheet
of toilet paper. However, the next
edition does have a much wider
writing area. It relies on capacitive
techniquesin order to sensethe wri-
ting and it uses a probability curve in
order to create the speed ofthecir-
cuitry. In additionto a larger writing
area, eight colours will be available
on the next edition. The next edition
will also have the ability to combine
videotex and telewriting.

 

From mypointof view | think that telewriting could be a useful development. Several Americancompanies have their head office on the East coast and their R&D centre on the Westcoast.These companies have looked at Telewriter and said, ☁☁This could be just the answer to someofour needs☂☂. At present they are on the ☁phoneevery daytotheir colleagues, trying to describesomething they would like to see done with circuit design, or discussing a managementproblem, or maybe discussing an advertising logo. Telewriter lendsitself to all those sorts ofapplications very nicely.
| mentioned earlier that the chip
card could be conceived of in aone PEetnumber of applications. Thefirst
point to makeis that the technology eit - 1 5
can be applied in many ways. The RELATED DEVELOPMENTS Ir
focus at the moment, as you will
gather fromthisslide,is in the finan-
cial area for point-of-sale and home
transactions. But the chip that ap-
pears in the plastic card has intelli-
gence. It is powered from the rea-
der. It has the ability to have what
we mightcall a non-secretfield and = eis
a secret field. Information in the
non-secretfield can be accessed by
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any terminal, whereas the secondlevel of information is accessed only with thefull agreementof the user, who hasto key in his or her own PIN numberbefore any accessis available.
Theinteresting feature of the chip card is the technology of the card rather than the terminal. Itis a rather thick plastic card, but otherwiseit looks like a conventional credit card. (Ed.: At thispoint Roy Bright held up a chip card.) In this corner you can see the actual chip with theinterface leads. There are eight interface leads here of which six are currently used and two are
there for future possibilities. The chip card is definitely still under early development, let mestress that straight away.
Theplans in France are quite interesting. There will be trials of such a card in one or morecities
in France ♥ Lyonhasalready been selected as one testbed ♥ towards the endofthis year orat
the beginning of next year. There are four manufacturers involved, each doing their own
development work on this subject ♥ Cll-Honeywell Bull, Electronic Marcel, Dassault and
Flomic Schlumberger. Dassault have been concentrating on an intelligent magnetic stripe card
which takes care of debiting and crediting, but now are working on a secondversion whichwill
combine a magnetic stripe on oneside of the card and a chip onthe other. Dassault are taking
this approach because for a numberof years there are boundto be twotypesof terminal living
alongside each other, and they want a card that can be usedin either type of terminal.
The technologyof the ☜☁smart☂☂ card not only offers greater security ♥ hence the excitementit is
arousing in the banking and money market areas ♥ but alsoit is a very versatile computer. In
fact the name given to it by Cll-Honeywell Bull, CP8, is an abbreviation of ☁☂computer-in-the-
pocket 80,☝ anditliterally is that, and it has somevery interesting possibilities.
To give you one example other than banking, it can be used for medical information, where the
bearer of the card has on the non-secret area of the card such statements as allergies, blood
group and so on. Onthe protected area of the card, where only his PIN number can open the
door, there would be a lot more privileged, confidential information which he must agree to
disclose only to an authorised person. Similarly, chip cards could be used for security access.
Another application that has been developed in France is that of TV subscription. In North
America Cable TV and other people are anxious to broadcast programmes, someof which they
do not mind whosees them provided that the viewer pays a monthly flat rate fee, and others of
which you pay on demandor pay on use. The chip card with the appropriate reader would allow
that discrimination. For example, only those people who havepaid special fees for this month☂s
box office release would be allowed to see it and they would paybyinserting their card into a
reader.
The first piece of hardware to use
the chip cardisin the retail industry.
The card allows the merchant to
operate the terminalitself, but with
the handheld keypad it allows the
userto invoke his own PIN number.
This can be used both on-line and
off-line. You will see from the slide
that it is a magnetic stripe card
rather than a chip card. It will be on
trial later this year in France, at St.
Etienne.
The magnetic stripe card will even-
tually be replaced by the ☁☁smart☂☝☂
card. On thefirst slide on the next
page is a mock-up ofthe configuration that might be envisaged whereby oneofthe electronic
directory terminals could be used in conjunction with that handheld keypad. The users could
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notonly do their browsing round the ☁best buys☝ but could payfor those best buys,or inspect
their bank accounts, or check the value of that card. One of the features of the card is that it
will give you a read-outof a value. It
has manywaysof being usedfinan-
cially. Not as a credit card, | stress.
Oneof the more popularusesis that
youliterally buy a card worth, say,$100 andit is debited each time you
use it. You can get a read-out on
any terminal of the amount of
moneyleft on that card at the time
you wish to check that.
| said earlier that | should come back
to the electronic directory. It is one
thing to talk about terminals, but it
is another to talk about what the
user can do with the terminals and
how meaningful the service may be
to the user. What | have done on
this series ofslides is translate some
of the typical French screens into
English to illustrate the principle of
the electronic directory. | go no fur-
ther than that. First, it offers the
user a choice either of alphabetical
(i.e. White Page) listings or Yellow
Page listings, or at the bottom of
the screen, emergencies, doctors,
fire service and so on.

Let us assumethatthe useropts for
a White Pagelisting. You will see
that on the screen heis invited to
key in, ☁lam looking for. . .☝☝ You
need the name of the person and
the community, with as muchdetail
of the address as you can provide.
The grey areasat the end whichdis-
play the control commands NEXT,
SEND, SEND AGAIN, or PREVI-
OUS, indicate the control buttons
on the keyboard which the user
would operate to invoke the next
step. Let us assume that the user
has, in one-finger fashion, typed in
MORVAN,and for community he
has typed in the name PARIS,
whichis a fairly open-ended search
area for any computer. This is
where the system gets moreinter-
esting.

The example (third slide on this 
TELEPHONE DIRECTORY
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page)is ratherartificial, for | am sure that there are more than 19 MORVANsin Paris, but for the
purposesofillustration it is claimed that there are 19 listed with that namein Paris. If you
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had this in real-time on the screen, the top half stays available and the bottom half is erased, anda new entry made on the bottom half of the screen alone which says, ☁☁We have 19 answers.Help us! If you know thefirst name
or the address press SEND,☝ which
meansthat you would type in what-
ever you know;oralternatively, if
you cannothelp us any more, ☁☁We
can give you a completelisting☂ in
whichcasepressthe control button
marked NEXT.
We assumed (first slide on this
page) that the enquirer has been a
little more helpful and entered the
name CHRISTIAN, and is now able
to ask the computerif it can be more
specific itself.
The answer is ☁Yes☂ and we are
supplied with CHRISTIAN MOR-
VAN☁sfull name and addressdetails
and his telephone number. If you
have further enquiries for other tele-
phone numbers, you are asked to
press the button marked PREVI-
OUS. Alternatively if you do not
agree with that offering, you can
press GUIDE and the system will
take you to a guide section. That is
important because you will appreci-
ate two things. Some users may be
very expert but not have full infor-
mationall the time. Other users will
be beginners and, whether or not
they havefull information, they just
do not know how to use the system.
So the system offers three levels of
skill for beginners, intermediate
users, and advanced users. The ad-
vanced level means that the user
types in right at the beginning as
muchinformation as he can and by-
passes a lot of the slower steps. On
the other hand, the beginnerwill be
very happyto go to the guide and be
led by the hand through the system
for the first couple of occasions. So
that is one example based on White
Pages.
Here (third slide on this page) we
have an example of Yellow Pages.It
has alisting whichincludes this Yel-
low Page businesscard entry.If this
were a live screen thelittle arrows on the left next to the numerics would be flashing. That
indicates to the user that there is at least one more supplementary frame of information sup-
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plied by that company ♥ andthis is where wegetinto a more commercial environment ♥ that
the user can inspect.

Let us look at an example of a sup-
plementary frame. This frameis in-
viting the user to use this particular
company☂s car ferry to Jersey. Let
me draw your attention to the use of
graphics. Remember that this is
typically a monochromescreen, al-
thoughif you were accessingit with
Teletel you would get the benefit of
colour. All frames are designed for
both colour and monochrome, or
for both types of representation.
This frame is really an advertising
page.

Weare invited to press NEXT, so
there is a second supplementary
frame, and on the next frame we are
given morefactual information such
as timetable material and the like.
The important pointis that we have
used the electronic directory termi-
nal. We have shownthatthe ability
of the user to use a full alphanu-
meric keyboard is there. We have
shown that the graphics and other
features associated today with
videotex are available, and there is
absolutely no reason whythat ter-
minal could not be usedin a variety
of applications which have nothing
to do with electronic directory.

The third slide on this page shows
the networkfor the electronic direc-
tory. Working from thetop lefthand
corner we have a terminal and we
have used the dial-up network to
access one of the concentrators
that | mentioned earlier. Through
that concentrator we haveintercep-
ted an interrogation centre. Thefirst
point to make aboutthe interroga-
tion centre is that the interplay be-
tweenthe user and the system takes
place at that level. The next level ♥
the orange boxlabelled ☁☁documen-
tation centre☂☝ ♥ is where thein-
scriptions are held and the complete
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database for that area is located. All that dialogue that we saw just now wastheuserinteracting
with the interrogation centre.
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Coming down the page you will see the oblong shape that is labelled Transpac. That is to
indicate that in addition to your local service directory enquiries you can get into a national
environment. Eachof thoselines at the high level are labelled X.25 and are involved with packet
switching. Off to the left you have the management centre whichis responsible for both the
Yellow Page and the White Page activity on the system. On the right there is another orange
box to show that you could have accessed a remote database enquiry centre. The green box on
the top right represents operations and updating. Naturally there has to be somesort of
spooling operation and updating of entries of inscriptions between the system. In the case of
the White Pages, the PTT will have that responsibility, because the PTT has the existing sales
office and all the advice notes that are issued go throughthis office. The PTT already doesthis
for its present directory system, whichis accessed by the directory operators whenthey handle
enquiries from the public today.

For the Yellow Pages, the contractor in France is a companycalled Office de Nance, whichis a
subsidiary of Abbas, the largest advertising agency in Europe. They have done a remarkable job.
When| went to France | was surprised to see how much work and how muchskill they have put
into this Yellow Pages subject. | mentioned earlier the photographic terms. They have created
almost a science on this subject and are becoming a very powerful influence on the design of
the system, and the value of their experience can be considered outside of France.

Today | have shownslides on or referred to videotex, the electronic directory, mass-fax, tele-
writing, ☁☁smart☂☂ card, and audiographics teleconferencing.

So what is happening outside of
these developments? Essentially In-
telmatique, which was the name
that | coined when| went to France
for this operation, has been set up
as a commercial subsidiary of the
French telephone administration, ofanelvielephone.actninististion:s aanaahistor Tetras eantee
are not a departmentwithin the PTT cs mals Gaag suaag :uate Bt ateus ra CORNaaannevertheless wholly
owned by that organisation. Our :
mission Geliernaiccd on theslide. TH FRENCH TELERATIO
It is to promote the Télématique
programmeinternationally; to stim-
ulate customer interest worldworld; to assist customer experimentation; to advise the French
administration on harmonisation ♥ the point | made earlier about matching the needsof foreign
markets to the products; andfinally, to liaise with the French Télématique industry. | have
invented yet another phrase, the French Télématique industry.It is a multi-supplier situation in
France. You have heard me mention someof the larger companies, such as Thomson CSFor
Matra; software houseslike Stéria, and CAP-Sogeti, and others, which are very small, but have
found

a

little niche to develop editing terminals or specialist modems. Wein Intelmatique are
representing their interests worldwidein terms of the Télématique operation. From what| have
said today you will appreciate thatit is a tall order for any one companyto have a perspective of
all these products and to know wherethey are going, to know whatis happening and which are
the leading edgeactivities. It would also be naive to expect one companyto talk about other
companies which maybetheir rivals in certain product areas. In a way that is whatIntelmatique
has been created to do: to promote and create an awareness, up to the moment whena client
organisation wishes to get down to commercial negotiations. Even then we mightbeinvolved in
the discussions. We then hand over to the end supplier. Eventually, a contract is drawn up
between the customer and his supplier or suppliers if we are into a system environment.
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| think that will illustrate to you the seriousness with which the French Governmentregard their
Télématique efforts. They are pouring a lot of money into it; US$27 billion went into the
telephone system, including all this work, in 1975 in the seventh five-year economic plan.
Recently, just before Christmas, the eighth plan was announced, and US$23billion has been
devoted to such matters as telecommunications, microelectronics and computing. Thatis big
money, even in today☂s terms. So | think that is an important point to register with you.
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CONFERENCE
CONCLUSIONS

David Butler,
Butler Cox & Partners Limited

Thetitle of our conference was ☁☂Newapplications, new technologies☝ and | believe that during
the past two days what we have heard from the speakers has been a series of extremely
interesting, well-prepared, challenging and stimulating presentations, and that they have amply
fulfilled the mission which we entrusted to them.
The thing that sometimes puzzles me, going away from a conferencesuchasthis, is the sheer
multi-dimensionality of the whole problem. You can look at it down the economicaxis and think
of it in terms of trying to extract profit from business operations or to improveefficiency or
effectiveness. You can look at it along the technological axis. You can look at it along the
humanfactors☂ axis. You can lookat it along the social axis. There are so manydifferent axes
along which you can look, and you see the samepicture from totally different viewpoint.
What puzzles me is how we can reach a stage where we can get some roundedview of the
whole area at which weare looking; some roundedview of the whole area of information tech-
nology and its impact on our way of work, our way of earning a living, and our wayoflife.

For two or three years we have been struggling to move towards such an understanding of the
areas that weall discuss together, but | believe that in the last year or so we have madesignal
progress towards such an understanding. | believe that from this meeting, and from otherslike
it in the last year or so, have comeatleast the beginnings of an understanding of that global
picture whichit is so important to understand.
Someof the inputs that have been most valuable to me came from a meeting which manyof
you attended, the one that was addressed by Professor Stonier in London, when he talked
aboutthe way that as technology advancesit hasthe effect of turning garbage into wealth. The
oil, the coal and other garbage werein the ground long before we knew how to extract them
and use them. It is technology which turns that garbage into wealth. But along the roadit also
means that more and more people get shaken outof traditional occupations, as technology
advances. | am sure that those of you who weretherewill rememberthe very graphic term that
Professor Stonier used to describe that process. Hecalledit the ☁☁ratchet☂☂ effect, because the
technology turns in one direction, but you find that when the cyclical boom comesalong the
ratchet does not turn back more than oneor two notchesin the opposite direction, so that, of
the many thousandsof people whofell out of occupation as the technology moved,only a few
thousand move back into occupation as demandrises.

| have been looking recently at the work of a speaker who wehavenotyet had to a Foundation
conference, but who | should very much muchlike to have at somestagein the future, whose
worksimilarly contributes to such an overall understanding of the problemsthat weare trying to
resolve. | refer to Professor Daniel Bell, the author of The Post-/ndustrial Society. ProfessorBell
looks at things from a slightly different viewpoint than Professor Stonier, and sees three
principal characteristics of the kind of society whichall of usare trying to build.

The first is the change from the goods-producing society to a service-oriented society. We
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have all seen the figures that, for example, we published in a Foundation report as long ago as
1977 showing how people had migrated from manufacturing industries into service industries.
Professor Bell emphasises that you do notnecessarily have a society which is less wealthyin
goods,onlythat it requires very much fewer people to produce a larger volume of goods. But
what ProfessorBell calls ☜the axial principle☂ of his post-industrial society is the codification of
theoretical knowledgefor innovation. He contrasts the way in which modern product develop-
mentgets carried out with the hit-and-miss methodologies of the past. He points out that, for
example, Alexander Graham Bell was a speech therapist who wassimply trying to find a better
way of communicating with deaf people, and happened to stumble on the telephone; and that
Edison, perhapsthe greatest inventorofall time, was a mathematical ignoramus who knew very
little about the theoretical basis of the things which he invented.
Professor Bell is basically a technological determinist. He sees all this knowledge becoming
codified, mobilised in a highly systematic way, and thereby transforming our ability to produce
new goodsand products, and to turn much, much more of Professor Stonier☂s garbage into
much, much more wealth. He calls that the creation of the new, intellectual technology.
A third speaker that we had at another meeting was GordonScarrott. He talked about turning
from the computing slave which was the computer of the past to the knowledgeable servant,
the system that can help us to do things that we could not do before. He said that if Linnaeus
had been classifying mankind today he would not have called him homo sapiens, he would have
called him simia ordinans, the organising ape. Gordon Scarrott sees technology as being funda-
mentally linked to man☂sability to run a civilised society. For those of you who were notat that
meeting, he divided the history of mankind up into huge blocks and said: ☜this is when we
learned to write; this is when we learned to write on paper; this is when welearnedto print☂. He
sees the adventof information technology as a similar major turning point in the whole history
of civilisation.
He makes the fundamentalpoint thatall those advancesin information technology ♥ learning
to write, learning to write on paper, and then learning to print ♥ were changesin the method of
transmitting information not changesin the method of processing information. Therefore, since
processing power ♥ the human brain ♥ remained distinctly finite and expensive, it was
centralised. Now we have methodsof processing information which are cheap andplentiful, Dr.
Scarrott says, ergo, the politics of the last hundred thousand years are hereby declared
obsolete.
All of these differing viewpoints offer different perspectives on the technology about which we
have been talking for the last few days ♥ communication satellites, microprocessors, voice
systems, spatial databases and so on. | think that it will be a very long time indeed before we
can say that we haveanythinglike the overall grasp of the nature of this subject that weareall
striving towards, but | do believe that some overall picture is emerging. At least we are
beginning to get someidea of the scale of the revolution in which weareall involved.
| should like to close this conference, perhaps appropriately in view of our last speaker and the
presence of a numberof very welcome guests from France, by quoting from the famousreport
L☁informatisation de la Société, by Simon, Nora and Alain Minc. They said:

☜lf France does not respondeffectively to the serious new challenges she faces, her
internal tensions will deprive her of the ability to control her fate.☝

That is a very important and challenging statement with which the report opens, becauseit is
not about technology,it is not about economics, andit is not about working in offices. It is
about the very fabric of the society within which welive. | believe that is a valid perception of
the scale of the problems with which weareall trying to wrestle.
| should like on your behalf to thank all the speakers who have contributed to the conference
this week. | should also like to thank you, our members,for participating so actively in the
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discussions, for your challenging questions and your intelligent comments. | look forward to
seeing youall this evening at dinner and to successful workshops tomorrow.| hopethat youwill
all thereafter have a safe and speedy journey to your homes.
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