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Predictive Paper

With the affluence that comes with economic developments andas to make even five-year predictions difficult, he was pretty
technological advances, cit_izens ar_ou_nd the v_vorld Wi_" dema_nd accurate. He accurately predicted that computers would
per§onallzed,on-demand,hllgh-quallltylnformatlon services, which play a very important role in communications, that the
I will call personal information service (PIS). | foresee that by . . .
2012AD, a variety of communication services, and in particular teleprinter would be replaced, and that high-resolution fax
PIS, will be much more widely available around the world. To machines would be developed. He suggested that computers
make such services available to the masses, a number of challengesvould play a supporting role, however, “tying together
ha\_/e to be overcome. In this paper, | will addrc_ess the_challenges. | several systems and selecting the best path or sequence
l:leDllleve that by working together, we can obtain solutions by 2012 of paths for a particular message.” He failed to predict the

possibility and the impact of interconnecting millions of
computers, as currently exists on the Internet, so that fax
machines will probably be obsolete by 2012. Of course,
many of us, even five years ago, would not have predicted
l. INTRODUCTION that the Internet would be as popular and ubiquitous as it

It was with some apprehension that | accepted the invi- is today.
tation to write a companion predictive paper to “The Full ~ The major difficulty of wide-band communication is to
Use of Wideband Communications” by Sir N. Ashbridge. find the resources and bandwidth to send the information.
For one thing, prediction is an art, rather than a science, Ashbridge also predicted that “the urge to convey unlimited
and | have never been known as an artist. For another,information over the globe will be sufficient to free the
technologies are changing at an ever increasing pace, and ienormous sums of money which are needed to solve the
Ashbridge’s job was difficult 35 years ago, my job would be problem.” However, his vision of the future communication
even more difficult today. Nonetheless, | was intrigued by structure is quite different from what we have today.
the possibilities of what would be available in the future in Ashbridge believed that the globe would be connected
communications, and therefore, in this paper, | will describe by wide-band radio channels, and that the major problem
my predictions. In particular, | believe a new multimedia would be local distribution, i.e., how to connect every
information service, which | will call personal information inhabited building to the network. This is contrary to the

Keywords—Broad-band communications, future communication
services, on-demand services, personal information service.

service (PIS), will be widely available by 20%2D. | will present development, in which we expect to have backbone
describe PIS and the challenges to be overcome before ithetworks that will be primarily fiber based but may also
will be widely available. be wireless, primarily satellite based, and local distribution
First, let me summarize Ashbridge’s predictions. networks will most likely be wireless. Although many peo-
ple will still be connected to the network from their homes
A. 1962 Predictions and offices by wires, to support mobile communications,

Considering that Ashbridge wrote his paper more than 35 Wireless local distribution is unavoidable.

years ago, and that technologies are evolving at such a pace Ashbridge also went on to say that the local distribution
problem would be solved by “composite pipes carrying all

Manuscript received December 18, 1997. _ ~ services.” The services to which he referred were utility
The author is with the Department of Electrical and Electronic Engi- . h | . d . dditi
neering, University of Hong Kong, Hong Kong, China. services such as _eectnc power, gas, and water, in a |t!on
Publisher Item Identifier S 0018-9219(98)02497-9. to information. His statement would be correct today if
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we consider "composite services” as voice, video, and

it. Technologies will be developed that will drive down

data services, such as those provided in integrated serviceshe costs and improve picture quality, thereby spawning

digital networks (ISDN).

Last, Ashbridge predicted that “man will be able to com-
municate almost any piece of information to anywhere.”
With the advent of global satellite networks, this is in fact
true today. However, this type of service is available to
only a very limited segment of the world’s population. In
fact, a large portion of the world’s population does not

additional applications and, in turn, additional technologies.
The time is ripe for the development of PIS. Such services
are characterized by being personalized—i.e., tailored to the
individual user—and ubiquitous—i.e., available anywhere,
anytime. For example, in the past, we were satisfied with
broadcast television (TV), in which millions of people
viewed the same programs, but now we want video on

even have plain old telephone service more than a centurydemand (MoD), which allows one to choose the video
after its birth. Those people live in the developing and one wants at the time one wants and to interact with the
underdeveloped areas of the globe. video. In the past, everyone who subscribed to a newspaper
read the same version. The reporters collect news and
stories, and the news editors decide what will be printed.
Nowadays, many newspapers are on-line, and the readers
can have customized newspapers. One person may want
, ) . 7" to read more about sports news, while another may want
time, thg fastest growing economies of the world will "N more financial news, etc. In other words, the readers are
fact be in those developing and underdeveloped countries.., i own news editors. However, news editors should not

ghosle countries af\_lso reallzeI that to su_sta|_n th_e]|cr €conomicy . \vorried that they will be unemployed. The development
deve opmelr1ts, 3 |rr]st—rate te ecomlr(r)unlcatlor? n rastructur.e of the Internet and the World Wide Web makes it very
IS essential, and they are earmarking much investment Ir]easy for anyone with anything to say to put his information

this area. (Ijn a(?dmon, W'thh the _affluencehthat COmMes W'thdout there. Unfortunately, since much of the information is
economic developments, the citizens in those countries andy,q; re\jewed or verified for accuracy, there is much junk

around the world will demand personalized, on-demand, out there. Pending the development of a “quality search

hlgh-quallty_mformatlon Services. . engine,” we do need good news editors to help us sort
So, here is my own preQ|ctlon:_ | believe thgt by 2012 through this “information pollution.”

AD., communications, and in particular PIS, will be much — zpqiper example of PIS is personal communication ser-

more v_wdely available a_round t_he _V\_'O”d' L vice [2]. Each user is assigned a personal telecommunica-
The impact of such wide availability of communications tion number and may be reached anywhere in the world.

in a variety of forms is enormous. The world will become In addition, each user will be able to access a variety of
homogeneous as more and more people have access Qo mmunication services on demand

the same information and become influenced by it. We
will have a truly global marketplace in which information,
services, and goods will flow readily across national bound- Impact on Our Lives
aries. There will be developments that are impossible to
predict, including the creation of new industries that we
cannot begin to try to imagine today.

The following is an outline of the rest of this paper.

B. A Dynamic Future

| believe, however, that there will be dramatic changes
in the next decade. It is generally believed that in that

When PIS becomes widely available, it will change the
way we live dramatically. It will change the way we work.
Today, most of us work in centralized corporate facilities.
But with telecooperation widely available, more of us will

In Section II, | will describe PIS and its impact on our b king in distributed satellite locati :
lives. In Section llI, | will identify the challenges that must he wor ';1_?] n 'Sd” tu f salef ' eb ocations, o”r Even Ic? ou;
be overcome for the provision of PIS. | will conclude in omes. The need 1o travel for business will bé redtced,
Section IV. while we will probably travel more for leisure. Electronic

commerce will be widely practiced. We will shop, bank, and
be entertained in cyberspace. With electronic commerce,
Il. " PERSONAL INFORMATION SERVICE the way that companies market themselves will be very
The development and deployment of all new technologies different also. Now, they rely on printed brochures and
are driven by costs, customer needs, and applications. Foradvertisements on TV or in magazines, and they can
example, AT&T Bell Labs demonstrated video telephony in control the image and information they want disseminated
the 1960'’s, but it was not popular because the customers didto the public. In the future, their first contact with their
not believe that the services provided justified the additional customers will most likely be through a communication
costs. Video phones are now readily available and not all network. The customers will want to have instant access
that expensive, but have poor-to-marginal video quality due to information and services. Regarding instant access, a big
to the bandwidth limitations of the existing telephone infra- advantage available with PIS is the capability to disseminate
structure. Therefore, for video phone communication to be information widely and instantly. We will have up-to-the-
truly popular, advances must be made in data compressionminute news, and information will be updated continuously
and transmission technologies to enable the delivery of and made instantly available to the users. There will be PIS

high-quality video over limited bandwidth. | believe that
if there is a need, customers will be willing to pay for
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radio and TV stations, just as we have Internet radio today.
New forms of entertainment will also be available.
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Currently, when we talk about an immersive experience to overcome a number of challenges. In particular, we
or virtual reality, we are focusing on only two aspects of must develop the infrastructure and protocols to support
human sensation, namely, sight and sound. In the future, wesuch services. This infrastructure will be a network of
can probably simulate and replicate other sensations suchnetworks, including the existing public telecommunica-
as smell and touch. Suppose we are trying to recreate thetion networks, satellite networks, wireless networks, the
experience of trekking through a tropical rain forest. | can Internet, etc. We have to study each such network not
imagine the development of an immersive capsule. The useronly as an independent entity but also as a collection.
enters the capsule, and as he walks around, the user will bdn addition, we have to tackle the problems that arise at
able to see the trees, hear the birds and insects, smell thehe interconnections of such entities, since each of them
forest, and feel the heat. A pair of gloves will be worn by the has very different characteristics. For example, Internet
user, and as he reaches out to touch something in the forestphone is a very popular new service. It is popular because
the glove will simulate the sensation of various textures. the “conversation” is digitized and transmitted as voice
For added effect, we can probably simulate a couple of packets on the Internet, which is basically free of traditional
rainstorms in the capsule, although in this case, the usertelecommunications toll charges. Users are accustomed
should be reminded to bring his raincoat. to making telephone calls with a telephone, however,

not with a computer with an attached microphone and

B. New Paradigms for Education and Professional Services SPeaker. Therefore, the proper design of an Internet protocol
gateway is important. Not only must this gateway make the
Internet transparent to the users but it must also be able to
interface between the existing public switched telephone
network and the Internet in order to achieve seamless
communication. In the next section, we shall address these
challenges.

The way we learn will be different also. There will be
virtual classrooms, virtual libraries, and virtual universities.
The need for face-to-face instruction, and hence the number
of professors, will be reduced. Instead, there will be a
few star professors who are extremely good at delivering
information, which will be sent to students around the
world. These star professors will be very highly paid,
just as our entertainers are today. Of course, some formsl|ll. CHALLENGES

of teaching will never be replaced by virtual teaching |, his section, we shall identify the characteristics of PIS

and will r_equire face-to-face instruction. An example is g study some of the problems that must be overcome
the teaching of research students. They need to observg,efore the luxury of PIS can be made available to the
the way their professors operate and learn by imitating j55ses.

their behavior. But | believe there will be fewer teachers
required overall. In fact, there will be fewer doctors,
lawyers, and accountants. One obvious tradeoff will be 5 personal Services
the general loss of “bedside manner” and personal/human

interaction. With telemedicine, however, a doctor can serve . Th? Sllorlng .Of segv:;esttodSU|t thﬁ tastes of |nd|V|duaII:s
more patients. He will be able to see a patient, read the INVanably requires dedicate (no sharing) resources. For

patient's medical records, charts, and X-rays, and consultexample’ most existing implementations of VoD [1] require
with other specialists all,in cybérspace Doés that mean & dedicated video stream for each individual customer. The

that many of us will be out of a job? | do not think so number of users who can access the service is limited by the
With the increased productivity that comes about because'S30Urces available in the system—in this case, the capacity
of PIS, all of us will work less and have more leisure time Of_ the video server z_and the transport network. Compared
to pursue our hobbies, to travel, and to enjoy life. (Some with broadcast TV, in which one videa stream may be

might say, however, that they have heard this optimistic shared .by.m|II|or.13 of people, this is not very efﬁqent. HOV.V'
scenario before.) ever, this is a price we have to pay for personalized service.

Last, and perhaps most important, since everyone will be The key, therefore,.is.to provide personal services while at
able to access this PIS network, and most information will thtte SaTe dt|tme rlnaxlﬂjlze thki Sha”nt% of reioutrc?s\./ VI\D/eThr? Ve
be available on the network, there will be very few secrets. attempted to solve this problem in the context of VoU). The

The world will become more homogeneous as all countries Spl'.tf andhmergehprotgcg! [3t] 3”°WS sharlngr,hyet It ?ppg arfs
obtain the same information and are influenced by it. Each as It each user has gedicated resources. {he customization

individual, however, will determine the particular subjects of SEIVIces In PIS will also require intensive processing.
of the contents that he receives. A customized Newspaper or magazine requires much rmore

effort at collecting and disseminating information according

to the individual user’'s preference. Therefore, we need to
C. PIS Infrastructure identify ways to do this very efficiently. Ongoing research

Advances in computer, communication, consumer elec- in multimedia indexing and retrieval will hopefully shed

tronics, and information technologies in recent years have some light on this problem. Since the information will be
actually made some of the personal information services available in various languages, a universal translator that
described earlier available today to particular people. To automatically translates the retrieved information into a
make them available to the masses, however, requires udanguage designated by the user will be required.
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B. Ubiquitous Access your personal information service in 2012 no matter where

In the future, not only do we want personal services but YOU might be.
we also want to have them wherever we are. Thus, we want
to have such services not only at home and in the office ACKNOWLEDGMENT

but also on a plane in the middle of the Pacific Ocean. The author wishes to thank Prof. W. Liao of National

We do not care how this service will be delivered, so long Tajwan University, Taipei, Taiwan, for reviewing an earlier
as the quality is there whether we are sitting in our living version of this paper.

rooms or sitting in an airborne plane at 30000 ft. Since the

different network entities have very d|fferer_1t characteristics, pererences

a network protocol developed for one entity may not work (] V. 0. K. Li and W. Liao, "Distributed multimedi . .
: . O, K LIhan . LIao, Istriouted muitimedia systems,

well in gnother. We need to Qevelop new protqcols that Proc. IEEE,vol. 85, pp. 1063-1108, July 1997.

automatically adapt to the various transport environments [2] V. O. K. Li and X. X. Qiu, “Personal communication systems

icafi (PCS),” Proc. IEEE,vol. 83, pp. 1210-1243, Sept. 1995.
so that the users can focus on the applications rather than the[g] W, Lizo and V. O. K. Li. “The spiit and merge (SAM) protocol

underlying network infrastructure. For example, to support for interactive video-on-demand systemEEE Multimedia
mobile multimedia services, we have to study how to Mag., vol. 4, pp. 51-62, Oct.—Dec. 1997.

provide an integrated solution to such problems as mobility
management, multiple access, and real-time delivery.
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