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Interactive computing is leading The way in which intellectual
toward new modes of thinking work is performed may change
and of solving problems. Human as a result of programs like the
Imagination is backed up by a Stanford Research Institute one
computer’s speed and memory. illustrated here. See page 25.
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Spellbound by a graphic console, a Stanford hand) and five ‘‘piano kes.” This permits
Research Institute designer churns data into text to be written and modified without his
a computer by means of a ‘“mouse’’ (right eyes leaving the screen. Details on p. 25

"Kﬁ.- 2 &' o -
Silicon-on-sapphire memory was automati- laser operation at considerable savings in
cally fabricated by a computer-controlled time and cost. See p. 34

Also in this section:

Lunar module tested to the nth degree. Page 36
News Scope, Page 21 . . . Washington Report, Page 39 . . . Editorial, Page 45
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Man-Computer ‘Partnerships’ Explored

Interactive techniques are sought to show that
computers can augment human intelligence

Robert Haavind
Managing Editor

In a room at Stanford Research
Institute in Menlo Park, Calif.,
several designers sit at television
monitor consoles, engrossed in mes-
sages that are continually being
painted across the screens. The
messages are aspects of design
that each man is working on, and
the designers are constantly ex-
panding the messages by operating
two devices.

One is a five-key instrument
that the user taps with the fingers
of his left hand. The other is a
white plastic object with three but-
tons on top that can be rolled over
the desk top beside the display. A
dot on the screen moves in synchro-
nism with the rolling of this plas-
tic “mouse.”

The goal of these SRI designers
is to develop system techniques that
would permit people to use the
computer as an ‘“intellectual part-
ner” in their daily work. Whether
the worker is a circuit designer,
computer programmer, manager or
scientist, such system methods
would enable him to couple the
powerful calculating, organizing
and memory capabilities of a large
computer to his own thinking.

This mode of computer use,
called interactive computing, dif-
fers radically from the way in
which most computers are used to-
day. In batch processing, today’s
normal procedure, a complete prob-
lem is analyzed to develop an ap-
proach suitable for computer solu-
tion. Then a program is written
and fed into the computer, and,
when all calculations have been
completed, final answers are de-
livered. No changes can be made
while the problem is running, un-
less they have been called for in
the program.

By contrast, in interactive com-
puting the user could observe inter-

ELECTRONIC DESIGN 3, February 1, 1969

mediate results at various steps of
the computing process. Then he
could make changes, or even com-
pletely redirect the solution. Or he
could actually work the problem
out himself, using the computer
only when calculations had to be
made, or alternate choices evalu-
ated.

This approach is being pursued
at SRI, Lincoln Laboratory, and
other research centers. The SRI
team is using the present version
of their interactive computing sys-
tem to achieve further develop-
ment of the system. They are, in
effect, using the system to develop
the system!

Things that annoy or impede
progress often become the next
area for improvement. And in the
process of making the improve-
ments, the team members recognize
needs for further improvements.

“Intellectual bootstrapping” is
the term used by Douglas Engle-
bart (see cover), principal investi-
gator for the Center, in describing
this approach.

Dr. Englebart envisions the com-
puter as a tool that can allow
men’s minds to reach new levels of
achievement. Thus his program at
SRI is known as the Augmented
Human Intellect Research Center.*

The ways in which intellect can
be enhanced involve more powerful
methods for structuring, storing
and retrieving, and manipulating
large amounts of information. Thus
bits of data, portions of articles,
reports or books, notions, sugges-
tions, insights and other types of
information can be assembled in
random fashion over a long period
of time. Yet all these pieces can be
organized in several ways as they

* Sponsored by Advanced Research
Projects Agency (Information Proc-
essing Techniques) ; NASA’s Langley
Research Center, and Rome Air De-
velopment Center.

SRI researchers demonstrate the use of interactive computing with graphics
for group discussion of a system design. General files, as well as individual
files, all in the process of development, can be examined, modified or added
to by the group. The system being designed is the system they are using.
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Can computers augment intelligence?
Can intellectual workers, given the proper
tools to interact easily and rapidly with a
computer, enhance the quality of their think-
ing? Definitely, contends this team of SRI
researchers, who are shown here using some
of the tools described in this article. To prove
their point, they are using their own tools to
further the development of their system—a
form of intellectual bootstrapping. In this
fashion, they are steadily removing annoy-
ances and blocks to achievement, and re-
structuring their computer languages, pro-
grams, and hardware.

Moore

SRl photos by Carl J.
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(interactive, continued)

pertain to various aspects of a com-
plex project, so they can be re-
trieved in seconds any time later
by following any one of several
trails. Another gain might be
made in the structuring of com-
plex arguments so that the person
himself, or some other person, can
review at any time the steps that
led to some conclusion.

Whether the SRI group proves
the validity of this contention or
not, most of the other researchers
in the field agree they have already
moved ahead of any other research
group in the ability to organize and
manipulate textual information
rapidly. Because of this capability,
the SRI system has been chosen by
the Defense Dept.’s Advanced Re-
search Projects Agency to be the
information center for the agency’s
nationwide computer network.

So far the SRI Center has dealt
only with textual information, al-
though it is now just beginning to
investigate graphics. So why are
they using display consoles?

Speed is critical to improving
performance, thus allowing more
difficult problems to be attacked in
an interactive fashion. The graphic
display is presently the fastest

means available.

But a graphic console is not a
panacea. They can be very expen-
sive, and techniques must be care-
fully worked out so that the oper-
ator can proceed smoothly.
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The World
can count on

Duncan
Mini=Dials

Duncan has three big series of
miniature turns-counting dials to
enable the accurate positioning of
multi-turn potentiometers. Yet de-
spite their compactness, each dial
provides for optimum readability
— you can take precise readings
at a glance .from any angle. Dun-
can miniature turns-counting dials
all feature positive-action locks,
and require minimum panel drilling
and mounting hardware. You can
count on Duncan for fast in-stock
delivery at the right low prices too.
Any way you look at it, you ought
to dial Duncan at (714) 545-8261
for complete information. Then,
you can start counting on us too.

SERIES 60: Inner scale graduated in fiftieths of a turn; outer
scale in full turns from 0 to 9.

SERIES 80: A 10-turn counter indicates full turns com-
pleted; the 100-division scale indicates hundredths of a turn.
SERIES 70:

DIGITAL MODEL 71: gnifying face lens
readout to a hundredth of a turn.
CLOCKFACE MODEL 76: Only 7%” dia. is ideal for min.
space I i E: I to 50ths of a turn.

3-digit

de DUNCAN electronics, inc.

A DIVISION OF SYSTRON-DONNER CORP.

2865 Fairview Rd., Costa Mesa, California 92626

/ Tel. (714) 545-8261

+ TWX (910) 595-1128
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(interactive, continued)

The SRI system approach in-
cludes special provisions that at-
tack both of these problems. The
heart of the system is a Scientific
Data Systems 940 time-shared com-
puter. The system includes a 65-K,
24-bit core memory with a 4.5-
megabyte swapping drum and a 96-
megabyte disc file. Text drawn
from the computer is displayed on
a high-resolution, 5-inch CRT. This
is then picked up by a precision
(875-line) closed-circuit television
system camera. Two character gen-
erators each feed up to six pre-
cision CRT-TV camera combina-
tions. The TV cameras each feed a
17-inch television monitor in the
center’s “workshop.”

This display approach is unique
and offers several important ad-
vantages. A low scan-beam current
can be used in the cameras, so that
a short-term image storing effect
is achieved. This allows the display
on the monitor to be rewritten, or
refreshed, as few as 15 times a
second without noticeable flicker
to the eye. This is vital because the
need to refresh a television dis-
play—continuously 30 to 40 times
a second with normal phosphors—
cuts down on the maximum amount

of data that can be presented at
one time. The cost of a small CRT-
TV camera, amplifier-controller
and monitor is about $5500 per
work station. This compares with
about $10,000 needed to buy a
similar-sized random-deflection
CRT.

Also, the expensive part of the
system is centrally located. Addi-
tional monitors that could tie into
the television camera could be
added for about $600 each.

The mouse rolls

The five-key handset and mouse
mentioned earlier are crucial ele-
ments in user convenience. The
mouse has two wheels, set at right
angles, beneath it. As these wheels
spin, they drive X and Y poten-
tiometers that control coordinate
selection on the monitor. A dot on
the screen moves in accordance
with these signals. Thus the user
can move his dot to some point on
the screen, and then start to write
in a message at that point.

One way to write in is through
the use of a keyboard. But the five-
key handset allows the user to en-
ter data quickly without looking
away from the screen. The hand-
set operates according to binary
codes. Thus an “A” is typed in
by pressing the left thumb, a “B”

DisC
CONTROL

TO MEMORY

INTERFACE
CONNECTOR

————————

EXECUTIVE
HARDWARE

SPECIAL
—
OPERATIONS

LOW
PRIORITY
DEVICES

Ty

NETWORK

LINE
PRINTER

PLOTTER

by pressing the left forefinger, a
“C” by tapping both of these at
once. Now, if the right buttons are
pressed on the top of the mouse,
the operator can begin to write in
lower-case letters or, alternatively,
numerals or a set of special sym-
bols. In addition the keys can be
used to enter control instruction.

The combination of the two
units allows the user to intersperse
text and various symbols with con-
trol actions.

It is clear that some training is
needed to become proficient at us-
ing the SRI equipment. In addition
some mneumonics and programing
details must be memorized. Note
the group of memory aids pasted
around the periphery of a display
unit in one of the photographs on
page 26.

It's like driving a car

David Casseres, technical writer
for the center, describes learning
to use the system as being some-
what like learning to drive a car
(he drives a small standard-shift
foreign car.)

“But it makes you feel that if
you only knew how to fly, you
could become a jet pilot,” Dave says.

The answer to evolving inter-
active computing systems that give
the user the “jet pilot” feeling is

1. On-line computing system used at SRI includes 5-inch
precision CRTs whose presentations are picked up by a
high resolution TV camera and then transmitted to one
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or more 17-inch monitor consoles. This keeps costs
down for expanding the number of user-consoles, since
these cost only about $600 each.
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(interactive, continued)

not a hardware problem, says Dr.
Walter Sutherland of Lincoln Lab-
oratory, Lexington, Mass.

Dr. Sutherland says the hardest
thing to achieve is a software sys-
tem that does not require the user
to be aware of the programing.
One reason this is so difficult is
that each type of user needs the
system for different things. Often
he is not even aware of these re-
quirements until he actually starts
going to work on his specific prob-
lems. Thus the need is for a gen-
eral system that incorporates all
the things that will be needed for
many different types of activity,
and that allows different sorts of
functions to be easily added as the
need for them becomes apparent.

The types of computer languages
that are being developed for this
sort of activity must thus be highly
modular and they must be very
carefully structured.

Fortran, for example, the most
widely used of computer languages,
is highly internally linked so that
changes or additions must be care-
fully considered.

The structure problem was the
first to be faced in starting to or-
ganize the augmentation system
concept. Early time-sharing sys-
tems had organized material in
“pages,” a carryover from the
structure of printed books. But this
did not prove to be efficient, pri-
marily because of the long time in-
tervals expended on continually
swapping large amounts of ma-
terial between core and drums.

Dr. Engelbart chose to organize
material in a tree structure be-
cause of its advantages for struc-
turing stored files. An analogy
might be the title of a book, the
chapter titles, then the subheads
within a chapter. Thus an initial
screen presentation might give the
title and chapter titles. The user
would then select a chapter title,
and the list of subheads within
that chapter would appear.

In addition the actual material
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TRANSLATOR, IN
TREE META
LANGUAGE

TREE
META
TRANSLATOR

TREE
META
LIBRARY

CONTROL LANGUAGE

DESCRIPTION IN CONTROL

CONTROL META-LANGUAGE
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OPERATING ON LINE SYSTEM

2. A hierarchy of languages help give the on-line graphical interaction system
its flexibility. The tree structure used for organizing information for quick
retrieval (upper right) is a basic principle upon which the system is designed.
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included under any particular
heading is broken into arbitrary
pieces called “statements.” The
length of a statement is limited by
the amount of material that will
fit on a single screen presentation.
Some statements, however, may be
only simple portions of a sentence.
In one case, the material might be
a portion of an article that the
user wants to store. In the second
case, the user of the system may
be formulating his thoughts as he
does early work on some problem.

The basic organization of ma-
terial is expressed with a sequence
of numbers and letters. For ex-
ample, statement 1C4B6, is the
sixth member of group B under the
fourth member of category C, etec.
In addition a statement can begin
with a word in parentheses, and
then that word becomes the title
of the statement. Then, in any
other statement, that statement
can be referred to by the same
title in parentheses. Another way
in which statements can be identi-
fied is by means of placing a
marker, some symbol, next to one
or more statements. This allows a
user to gradually build up addi-
tional organizational schemes for
his material.

Several other schemes for mov-
ing around within a large file are
provided. Statements before or
after the statement being viewed,
or at the head or tail of the par-
ticular subcategory can be called.

Unfurling the scroll

If the user always went through
his file in the normal sequence, it
would be like looking at a long
scroll, unfurling a frame at a time.
There are three ways in which he
can vary this movement through
the file: level clipping, line trunca-
tion and content filtering.

In level clipping, all statements
will be skipped whose level is be-
low a specified point in the hier-
archy. Thus, if the third level
were specified, no statements be-
low the third level—that is, below
3 or C—would appear.

A truncation command tells how
many lines of each statement to
show. A “1” says that only the first
lines will appear, for example. Con-
tent filtering is performed by spe-
cifying statements that the user
wishes to view by means of a high
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(interactive, continued)

level content-analysis language. For
example, statements in which the
words ‘“memory” and ‘“allocation”
appear within four words of each
other might be drawn out.

These sorts of operations, and
the basic functions involved in do-
ing such things as deleting char-
acters, words, lines or statements,
are accomplished by a variety of
system languages. The subroutines
performed by the SDS 940 are
written in a special machine-
oriented language (MOL) devel-
oped by the SRI group (see Fig. 2).

When working on line, the Con-
trol Processor (E in Fig. 2) re-
ceives and processes successive user
actions. It calls subroutines from

the library (H) to do such things
as locating data in the file, manipu-
lating working data or construct-
ing displays based on the sorts of
commands described previously.
These library subroutines (in H)
are produced from machine-orient-
ed language programs (F) which
are translated by the MOL trans-
lator (G).

This combination of languages
permits programmers to modify
existing functions, or to perform a
reasonable range of changes or ad-
ditions to the functions, often by
simply revising the control lan-
guage record.

The SRI designers are now fac-
ing some of the tricker problems
in getting their system to work
smoothly. Each user is assigned a
certain number of data blocks on
a storage drum. As he adds to his

working file places are developed
for each additional statement at
the proper place in the file. If
some data are no longer required,
he can not at present “close the
gap” left when he eliminates in-
formation. Thus some provision
will have to be evolved to sort out
the holes left in the file by dele-
tions, and to close it up. Also the
present scheme does not allow
jumping from branch to branch in
doing content searches. The system
must travel up a set of connected
branches to the top of the tree,
and then down a new set of
branches.

The widespread use of inter-
active computing will thus have to
await considerable further devel-
opment, both at SRI and elsewhere,
to reach economic feasibility for
most organizations, mm

An hour’s work with an interactive computing system . . .

How will designers of the fu-
ture make use of the emerging
interactive computing systems?
Here is a theoretical preview,
based on techniques now under
investigation.

Andy Handy, design engineer,
settles down before a display
screen at one side of his desk.
After flicking the equipment on,
he types in his identification.
The screen displays a number of
queries, to which he enters the
date, the titles of the programs
he is using, identification of the
system he is helping to design
and the subsection and a par-
ticular circuit.

In a moment an unfinished cir-
cuit appears on the screen. At
various points there are wave-
shapes and small response
curves. Andy had left it in an
incomplete state the day before.
‘At the top of the screen a mes-
sage blinks: “‘SYSTEM
CHANGE.” As Andy presses
buttons; the circuit becomes a
box linked to other boxes, and
then a group of these become
another box linked to more box-
es. Finally a new set of boxes
appears, representing the com-
position of the entire complex
system. Blinking at the top of
the screen now is a block of
text and numerals with the
words “SYSTEM CHANGE” for
a title.

With some quick key-tapping,
Andy returns to the section he
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is working on and draws forth
details of the effects of the over-
all system change on his own
subsection, Now he zooms back
in on the circuit he had started
to work on.

After examining some re-
sponse curves and trying some
parameter variations, Andy de-
cides that he is going to have
to make some basic modifications
if the circuit is going to work
at all. Recalling an article, a
technical report and a portion of
a book—information he read in
the last couple of years and that
might have some bearing on his
problem—he taps some keys and
brings a listing onto the screen.
Choosing an item from this list-
ing, he obtains a new listing,
from which he makes another
choice. After several steps in this
fashion, the article is displayed.

He shifts page by page until
he comes to the part he’s inter-
ested in, and makes some coded
notes at the bottom of the screen
to use as a reminder when he re-
turns to his circuit work. He
rapidly locates the technical re-
port and the portion of the book,
and in each case makes some
more notes labeled with a code
similar to the one he used for
the notes on the article.

Now he returns to his circuit,
cancels a portion of it, displays
his notes and quickly works out
a new configuration. He assigns
values, observes responses,

changes values, sets up an itera-
tive procedure to reach an opti-
mum response condition and
then sits back for a few seconds.
Then the word “SOLUTION”
blinks on the screen, and a set
of values appears next to the
various elements of the circuit.

Satisfied, he begins to draw
from a computer-stored file in
sequence, pages of catalog data
on the types of parts involved
in his finished circuit. He sets
up some cost/performance equa-
tions for a section of the circuit
and rapidly narrows his choices.

Returning to the circuit de-
sign, Andy designates the spe-
cific parts that will be used and
then indicates that his work on
this section of circuitry is com-
plete. In a few minutes, he
knows, orders for the proper de-
vices will be printed out and
charges will be entered in the en-
gineering department accounts
for his design work. The produc-
tion department will be inform-
ed of the circuit configuration so
it can prepare to tool up for its
portion of the task. Meanwhile
the system design project man-
ager will be notified of all these
steps, and will be able to zoom
down to the tiny circuit to see
that the work meets with his
approval.

Andy gets up and stretches,
ready for the morning coffee
break and satisfied that an hour’s
work has been well done.
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Gaithersburg, Maryland

SUPERIOR
COAXIAL
ATTENUATORS

prevent

T

The & Model 10 Attenuator has an
average power handling capacity
of 10-35 W, and 10 kW peak. These
medium power attenuators are
commonly used to prevent burnout
or overloading of sensitive equip-
ment. They are calibrated at four
points over their DC-1.5 GHz fre-
quency range, and can also be
used as standards of attenuation in
loss measurements.

NOM. POWER INPUT
MODEL | ATTEN. AV. PEAK

(dB) W) (kW)
10-1 1 35 10
10-2 2 18 10
10-3 3 15 10
10-4 4 12 10
10-5 5-20 10 10

to

10-20

¥ stainless steel Type N connec-
tors assure maximum life with mini-
mum wear. The custom made film
resistors are artificially and stabil-
ized to give maximum stability
under peak pulse power and ex-
treme temperature and humidity
cycling.

Designers and
Manufacturers of Precision
Microwave Equipment

WEINSCHEL
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SIDELIGHTS OF THE ISSUE

Meet the mind expanders

ey

Who are the mind expanders? Dr. Douglas Engel-
bart (photo above and on the cover) is one. He uses
the computer to augment human intelligence. Englebart
is principal investigator for the Stanford Research Insti-
tute’s Augmented Human Intelligence Research Center.

Some years ago at MIT, where he first began his work,
Englebart concedes, he was known as ‘“something of a
nut.” During this period he met someone who perked
up at the mention of his name:

“Englebart? Oh, yes, I've heard of you. You're the—"
and the man balked self-consciously.

“Nut?”’ Englebart volunteered.

“Yes,” said the new acquaintance, “but a solid nut.”

For an insight into the solid progress that Englebart
and his not-so-nutty group are making at SRI, turn to
page 25.

And speaking of the mind . . .

. . . You, too, can be creative

Is it possible to increase your brain power? If you
are intelligent, can you be turned into a creative engi-
neer who can solve complex problems in unique ways?
Dr. Wilmer C. Anderson, research director of the Gen-
eral Time Corp., Stamford, Conn., says it’s possible. But
—and it’s a big “but’—a company must establish the
proper environment, and engineers who would improve
must apply themselves seriously.

Starting on page 66, Dr. Anderson, who holds more
than 40 patents for ideas he has developed, gives some
basic hints on how to put a creative program into
practice.
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