


When mental models are dissimilar, the achievement of
communication might be signaled by changes in the structure
of one of the models, or both of them.

If the two mental models were structurally dissimilar, then the achieve-
ment of communication would be signaled by structural changes in one of
the models or in both of them. We might conclude that one of the communi-
cating parties was having insights or trying out new hypotheses in order to
begin to understand the other—or that both were restructuring their mental
models to achieve commonality.

The meeting of many interacting minds is a more complicated process.
Suggestions and recommendations may be elicited from al sides. The inter-
play may produce, not just a solution to a problem, but a new set of rules
for solving problems. That, of course, is the essence of creative interaction.
The process of maintaining a current model has within it a set of changing
or changeable rules for the processing and disposition of information.

The project meeting we have just described is representative of a broad
class of human endeavor which may be described as creative informational
activity. Let us differentiate this from another class which we will call infor-
mational housekeeping. The latter is what computers today are used for in
the main; they process payroll checks, keep track of bank balances, calculate
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orbits of space vehicles, control repetitive machine processes, and maintain
varieties of debit and credit lists. Mostly they have not been used to make
coherent pictures of not well understood situations.

We referred earlier to a meeting in which the participants interacted
with each other through a computer. That meeting was organized by Doug
Engelbart of Stanford Research Institute and was actually a progress-review
conference for a specific project. The subject under discussion was rich in
detail and broad enough in scope that no one of the attendees, not even the
host, could know all the information pertaining to this particular project.

Face to face through a computer

Tables were arranged to form a square work area with five on a side. The
center of the area contained six television monitors which displayed the
alphanumeric output of a computer located elsewhere in the building but
remotely controlled from a keyboard and a set of electronic pointer con-
trollers called “mice.” Any participant in the meeting could move a near-by
mouse, and thus control the movements of a tracking pointer on the TV
screen for all other participants to see.

Each person working on the project had prepared a topical outline of
his particular presentation for the meeting, and his outline appeared on the
screens as he talked—providing a broad view of his own model. Many of the
outline statements contained the names of particular reference files which
the speaker could recall from the computer to appear in detail on the screens,
for, from the beginning of the project, its participants had put their work
into the computer system’s files.

So the meeting began much like any other meeting in the sense that there
was an overall list of agenda and that each speaker had brought with him
(figuratively in his briefcase but really within the computer) the material he
would be talking about.

The computer system was a significant aid in exploring the depth and
breadth of the material. More detailed information could be displayed when
facts had to be pinpointed; more global information could be displayed to
answer questions of relevance and interrelationship. A future version of this
system will make it possible for each participant, on his own TV screen,
to thumb through the speaker's files as the speaker talks—and thus check
out incidental questions without interrupting the presentation for substan-
tiation.
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At a project meeting held through a computer, you can thumb through the
speaker's primary data without interrupting him to substantiate or explain.

A communication system should make a positive contribution to the
discovery and arousal of interests.

26



erdty
&//021 ?ﬁ/'cﬂ/di
Intéryre/cgr
User Drograms
ies, ¢y,

interconnec
vid il
[MESSAH.

processols

System
oty

tod

aly as well as geographically. Each member can look only to the processing,
storage and software capability of the facility upon which his community is
centered. But now the move is on to interconnect the separate communi-
ties and thereby transform them into, let us call it, a supercommunity. The
hope is that interconnection will make available to all the members of all the
communities the programs and data resources of the entire supercommunity.
First, let us indicate how these communities can be interconnected; then we
shall describe one hypothetical person’s interaction with this network, of
interconnected computers.

Message processing

The hardware of a multiaccess computer system includes one or more central
processors, several kinds of memory—core, disks, drums, and tapes—and
many consoles for the simultaneous on-line users. Different users can work
simultaneously on diverse tasks. The software of such a system includes su-
pervisory programs (which control the whole operation), system programs
for interpretation of the user's commands, the handling of his files, and
graphical or alphanumeric display of information to him (which permit peo-
ple not skilled in the machine's language to use the system effectively), and
programs and data created by the users themselves. The collection of people,
hardware, and software-the multiaccess computer together with its local
community of users—will become a node in a geographically distributed
computer network. Let us assume for a moment that such a network has
been formed.

For each node there is a small, general-purpose computer which we shall
cal a “message processor.” The message processors of all the nodes are
interconnected to form a fast store-and-forward network. The large multi-
access computer at each node is connected directly to the message processor
there. Through the network of message processors, therefore, all the large
computers can communicate with one another. And through them, all the
members of the supercommunity can communicate-with other people, with
programs, with data, or with selected combinations of those resources. The
message processors, being all alike, introduce an element of uniformity into
an otherwise grossly nonuniform situation, for they facilitate both hardware
and software compatibility among diverse and poorly compatible computers.
The links among the message processors are transmission and high-speed
digital switching facilities provided by common carrier. This alows the link-
ing of the message processors to be reconfigured in response to demand.
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A message can be thought of as a short sequence of “bits’ flowing through
the network from one multiaccess computer to another. It consists of two
types of information: control and data. Control information guides the
transmission of data from source to destination. In present transmission
systems, errors are too frequent for many computer applications. How-
ever, through the use of error detection and correction or retransmission
procedures in the message processors, messages can be delivered to their
destinations intact even though many of their “bits’ were mutilated at one
point or another along the way. In short, the message processors function
in the system as traffic directors, controllers, and correctors.

Today, programs created at one installation on a given manufacturer's
computer are generally not of much value to users of a different manufac-
turer’'s computer at another installation. After learning (with difficulty) of
a distant program’s existence, one has to get it, understand it, and recode
it for his own computer. The cost is comparable to the cost of preparing a
new program from scratch, which is, in fact, what most programmers usu-
ally do. On a national scale, the annua cost is enormous. Within a network
of interactive, multiaccess computer systems, on the other hand, a person at
one node will have access to programs running at other nodes, even though
those programs were written in different languages for different computers.

The feasibility of using programs at remote locations has been shown by
the successful linking of the AN/FSQ-32 computer at Systems Development
Corporation in Santa Monica, Calif., with the TX-2 computer across the
continent at the Lincoln Laboratory in Lexington, Mass. A person at a TX-
2 graphic console can make use of a unique list-processing program at SDC,
which would be prohibitively expensive to translate for use on the TX-2. A
network of 14 such diverse computers, all of which will be capable of sharing
one another's resources, is now being planned by the Defense Department’'s
Advanced Research Projects Agency, and its contractors.

The system’s way of managing data is crucial to the user who works in
interaction with many other people. It should put generally useful data, if
not subject to control of access, into public files. Each user, however, should
have complete control over his personal files. He should define and distribute
the “keys’ to each such file, exercising his option to exclude all others from
any kind of access to it; or to permit anyone to “read” but not modify or
execute it; or to permit selected individuals or groups to execute but not read
it; and so on—with as much detailed specification or as much aggregation
as he likes. The system should provide for group and organizational files
within its overall information base.
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Interactive communication consists of short spurts of dialog . . . . .

At least one of the new multiaccess systems will exhibit such features.
In several of the research centers we have mentioned, security and privacy
of information are subjects of active concern; they are beginning to get the
attention they deserve.

In a multiaccess system, the number of consoles permitted to use the
computer simultaneously depends upon the load placed on the computer
by the users jobs, and may be varied automatically as the load changes.
Large genera-purpose multiaccess systems operating today can typically
support 20 to 30 simultaneous users. Some of these users may work with
low-level “assembly” languages while others use higher-level “compiler” or
“interpreter” languages. Concurrently, others may use data management
and graphical systems. And so on.

But back to our hypothetical user. He seats himself at his console, which
may be a termina keyboard plus a relatively slow printer, a sophisticated
graphical console, or any one of several intermediate devices. He dials his
local computer and “logs in” by presenting his name, problem number, and
password to the monitor program. He calls for either a public program, one
of his own programs, or a colleague’s program that he has permission to use.
The monitor links him to it, and he then communicates with that program.

When the user (or the program) needs service from a program at another
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. .. filibustering destroys communication.

node in the network, he (or it) requests the service by specifying the location
of the appropriate computer and the identity of the program required. If
necessary, he uses computerized directories to determine those data. The
request is translated by one or more of the message processors into the
precise language required by the remote computer’'s monitor. Now the user
(or his local program) and the remote program can interchange information.
When the information transfer is complete, the user (or his local program)
dismisses the remote computer, again with the aid of the message processors.
In a commercia system, the remote processor would at this point record cost
information for use in billing.

Who can afford it?

The mention of hilling brings up an important matter. Computers and long-
distance calls have “expensive” images. One of the standard reactions to the
idea of “on-line communities” is: “It sounds great, but who can afford it ?

In considering that question, let us do a little arithmetic. The main
elements of the cost of computer-facilitated communication, over and above
the salaries of the communicators, are the cost of the consoles, processing,
storage, transmission, and supporting software. In each category, there is a
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wide range of possible costs, depending in part upon the sophistication of
the equipment, programs, or services employed and in part upon whether
they are custom-made or mass-produced.

Making rough estimates of the hourly component costs per user, we
arrived at the following: $1 for a console, $5 for one man's share of the
services of a processor, 70 cents for storage, $3 for transmission via line
leased from a common carrier, and $1 for software support—a total cost of
just less than $11 per communicator hour.

The only obviously untenable assumption underlying that result, we be-
lieve, is the assumption that one's console and the personal files would be
used 160 hours per month. All the other items are assumed to be shared
with others, and experience indicates that time-sharing leads on the aver-
age to somewhat greater utilization than the 160 hours per month that we
assumed, Note, however, that the console and the persona files are items
used also in individual problem solving and decision making. Surely those
activities, taken together with communication, would occupy at least 25%
of the working hours of the on-line executive, scientist or engineer. If we
cut the duty factor of the console and files to one quarter of 160 hours per
month, the estimated total cost comes to $16 per hour.

Let us assume that our $16/hr interactive computer link is set up be-
tween Boston, Mass.,, and Washington, D.C. Is $16/hr affordable? Compare
it first with the cost of ordinary telephone communication: Even if you
take advantage of the lower charge per minute for long cals, it is less than
the daytime direct-dial station-to-station toll. Compare it with the cost of
travel: If one flies from Boston to Washington in the morning and back in
the evening, he can have eight working hours in the capital city in return for
about $64 in air and taxi fares plus the spending of four of his early morning
and evening hours en route. If those four hours are worth $16 each, then
the bill for the eight hours in Washington is $128—again $16 per hour. Or
look at it still another way: If computer-aided communication doubled the
effectiveness of a man paid $16 per hour then, according to our estimate, it
would be worth what it cost if it could be bought right now. Thus we have
some basis for arguing that computer-aided communication is economically
feasible. But we must admit that the figure of $16 per hour sounds high,
and we do not want to let our discussion depend upon it.

Fortunately, we do not have to, for the system we envision cannot be
bought at this moment. The time scale provides a basis for genuine opti-
mism about the cost picture. It will take two years, at least, to bring the
first interactive computer networks up to a significant level of experimental
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activity. Operational systems might reach critical size in as little as six years
if everyone got onto the bandwagon, but there is little point in making cost
estimates for a nearer date. So let us take six years as the target.

In the computer field, the cost of a unit of processing and the cost of
a unit of storage have been dropping for two decades at the rate of 50%
or more every two years. In six years, there is time for at least three such
drops, which cut a dollar down to 12 1/2 cents. Three halvings would take
the cost of processing, now $5 per hour on our assumptions, down to less
than 65 cents per hour.

Such advances in capability, accompanied by reduction in cost, lead us
to expect that computer facilitation will be affordable before many people
are ready to take advantage of it. The only areas that cause us concern are
consoles and transmission.

In the console field, there is plenty of competition; many firms have
entered the console sweepstakes, and more are entering every month. Lack
of competition is not the problem. The problem is the problem of the
chicken and the egg—in the factory and in the market. If a few companies
would take the plunge into mass manufacture, then the cost of a satisfactory
console would drop enough to open up a mass market. If large on-line
communities were aready in being, their mass market would attract mass
manufacture. But at present there is neither mass manufacture nor a mass
market, and consequently there is no low-cost console suitable for interactive
on-line  communication.

In the field of transmission, the difficulty may be lack of competition.
At any rate, the cost of transmission is not falling nearly as fast as the cost
of processing and storage. Nor is it faling nearly as fast as we think it
should fall. Even the advent of satellites has affected the cost picture by less
than a factor of two. That fact does not cause immediate distress because
(unless the distance is very great) transmission cost is not now the dominant
cost. But, at the rate things are going, in six years it will be the dominant
cost. That prospect concerns us greatly and is the strongest damper to
our hopes for near-term realization of operationally significant interactive
networks and significant on-line communities.

On-line interactive communities

But let us be optimistic. What will on-line interactive communities be like?
In most fields they will consist of geographically separated members, some-
times grouped in small clusters and sometimes working individually. They
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will be communities not of common location, but of common interest. In
each field, the overall community of interest will be large enough to support
a comprehensive system of field-oriented programs and data.

In each geographical sector, the total number of users—summed over
al the fields of interest—will be large enough to support extensive general-
purpose information processing and storage facilities. All of these will be
interconnected by telecommunications channels. The whole will constitute
a labile network of networks—ever-changing in both content and configura-
tion.

What will go on inside? Eventualy, every informational transaction of
sufficient consequence to warrant the cost. Each secretary’s typewriter, each
data-gathering instrument, conceivably each dictation microphone, will feed
into the network.

You will not send a letter or a telegram; you will simply identify the
people whose files should be linked to yours and the parts to which they
should be linked-and perhaps specify a coefficient of urgency. You will
seldom make a telephone call; you will ask the network to link your consoles
together,

You will seldom make a purely business trip, because linking consoles will
be so much more efficient. When you do visit another person with the object
of intellectual communication, you and he will sit at a two-place console
and interact as much through it as face to face. If our extrapolation from
Doug Engelbart’'s meeting proves correct, you will spend much more time
in computer-facilitated teleconferences and much less en route to meetings.

A very important part of each man’s interaction with his on-line commu-
nity will be mediated by his OLIVER. The acronym OLIVER honors Oliver
Selfridge, originator of the concept. An OLIVER is, or will be when there is
one, an “on-line interactive vicarious expediter and responder,” a complex
of computer programs and data that resides within the network and acts
on behalf of its principal, taking care of many minor matters that do not
require his personal attention and buffering him from the demanding world.
“You are describing a secretary,” you will say. But no! Secretaries will have
OLIVERS.

At your command, your OLIVER will take notes (or refrain from taking
notes) on what you do, what you read, what you buy and where you buy it.
It will know who your friends are, your mere acquaintances. It will know your
value structure, who is prestigious in your eyes, for whom you will do what
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Your computer will know who is prestigious in your eyes and
buffer you from a demanding world.

with what priority, and who can have access to which of your personal files.
It will know your organization's rules pertaining to proprietary information
and the government’s rules relating to security classification.

Some parts of your OLIVER program will be common with parts of other
people’'s OLIVERS; other parts will be custom-made for you, or by you, or
will have developed idiosyncrasies through “learning” based on its experience
in your service.

Available within the network will be functions and services to which you
subscribe on a regular basis and others that you call for when you need them.
In the former group will be investment guidance, tax counseling, selective
dissemination of information in your field of specialization, announcement of
cultural, sport, and entertainment events that fit your interests, etc. In the
latter group will be dictionaries, encyclopedias, indexes, catalogues, edit-
ing programs, teaching programs, testing programs, programming systems,
data bases, and—most important—communication, display, and modeling
programs.
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All these will be—at some late date in the history of networking—
systematized and coherent; you will be able to get along in one basic lan-
guage up to the point at which you choose a specialized language for its
power or terseness.

When people do their informational work “at the console” and “through
the network,” telecommunication will be as natural an extension of individ-
ual work as face-to-face communication is now. The impact of that fact,
and of the marked facilitation of the communicative process, will be very
great—both on the individual and on society.

First, life will be happier for the on-line individual because the people
with whom one interacts most strongly will be selected more by commonality
of interests and goals than by accidents of proximity. Second, communica-
tion will be more effective and productive, and therefore more enjoyable.
Third, much communication and interaction will be with programs and pro-
grammed models, which will be (a) highly responsive, (b) supplementary to
one's own capabilities, rather than competitive, and (c) capable of repre-
senting progressively more complex ideas without necessarily displaying all
the levels of their structure at the same time-and which will therefore be
both challenging and rewarding. And, fourth, there will be plenty of op-
portunity for everyone (who can afford a console) to find his calling, for the
whole world of information, with al its fields and disciplines, will be open
to him—uwith programs ready to guide him or to help him explore.

For the society, the impact will be good or bad, depending mainly on
the question: Will “to be on line” be a privilege or a right? If only a
favored segment of the population gets a chance to enjoy the advantage of
“intelligence amplification,” the network may exaggerate the discontinuity
in the spectrum of intellectual opportunity.

On the other hand, if the network idea should prove to do for education
what a few have envisioned in hope, if not in concrete detailed plan, and
if al minds should prove to be responsive, surely the boon to humankind
would be beyond measure.

Unemployment would disappear from the face of the earth forever, for
consider the magnitude of the task of adapting the network’s software to all
the new generations of computer, coming closer and closer upon the heels
of their predecessors until the entire population of the world is caught up in
an infinite crescendo of on-line interactive debugging.
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