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Getting more mileage from computers 
SRI group is developing an experimental system to bridge capacity gap 

that's attributed to users' limited experience with advanced equipment 

By Wallace 8. Riley 
Computers editor 

The computer field, for all the ad­
vances in speed and performance 
that have been recorded during re­
cent years, still has a way to go 
in realizing the full potential of 
machines and associated hardware 
and software over a broad range 
of applications. In a nutshell, the 
systems design art has outstripped 
the ability of owners and operators 
to make the best use of what's 
available to them. 

That's the opinion of Douglas C. 
Engelhart, who's doing something 
about the situation, as well as 
others in the field. He heads the 
Augmented Human lqtellect Re­
search Center at the Stanford Re­
search Institute in rMenlo Park, 
Calif. Since the early 1950's, Engel­
hart and his colleagues have been 
addressing themselves to this ca­
pacity gap, which, he says, is 
largely attributable to lack of ex­
perience. At the moment, the cen­
ter's crew has designed and assem­
bled an impressive and complex 
system of hardware and software 
that represents a sort of halfway 
house on the road to the solution 
of the problem. 

The center's work is being un­
derwritten by the Pentagon's Ad­
vanced Research Projects Agency, 
the National Aeronautics and 
Space Administration, and the Air 
Force's Rome Air Development 
Center. Earlier, the Air Force's Of­
fice of Scientific Research was a 
participant. 

Most observers applaud Engel­
hart' s efforts and give high marks 
to his ideas and progress to date. 
And, in the main, such criticisms 
as are advanced are from tradi­
tionalists or those who express 
preferences for different individual 
hardware elements. 
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The principles and goals of the 
center's work are abstruse enough 
for Engelhart, himself, to resort to 
analogy when outliQing them. For 
openers, he compares the state of 
the computer art to transportation 
around the turn of the century, 
when only a few automobiles were 
chugging about the countryside. 
Their usefulness was limited be­
cause roads were scarce and ser­
vice facilities were largely con.fined 
to blacksmith shops. By contrast, 
today's cars, which come equipped 
with all the equipment and instruc­
tions needed to operate them sat­
isfactorily, are the beneficiaries of 
a vast support network that in­
cludes superhighways, rules of the 
road, filling stations, mechanics, 
parking lots, and the like. A great 
deal of practical experience has ac­
crued from the evolving designs of 
automobiles, says Engelhart. Partly 
because of hothouse growth, the 
same is not true of commercially 
available computers. 

Foreshortening. Engelbart's or­
ganization is working toward plug­
ging the breach. To this end, 
they've integrated a computer sys­
tem that includes, among other 
things, an unusual display present­
ing the contents of a file, a standard 
typewriter keyiboard along with two 
other input devices for modifying 
the file, and a set of functions that 
permits a user to add, delete, or 
change information in the file al­
most as fast as he can think-and 
far faster than an observer looking 
over his shoulder can follow. 

A user can work comfortably and 
efficiently for hours with the sys­
tem. He can compose new material 
and study data already on file, 
modifying or displaying it to vari­
ous depths-a procedure that's 

analogous to looking at labels on 
file drawers, labels on folders in 
one of the drawers, headings on 
the papers in the folders, or the 
contents of the papers. In addition, 
the operator can edit, move big 
chunks of data around quickly, and 
make as many copies as he wants, 
either in the computer or as paper 
printouts, more readily than he 
could with typewriter, pencil and 
paper, or other media. An operator 
can also work with vectors and 
alphanumerics to draw pictures and 

Chairman. Douglas Engelbart, who 
heads SRI computer project, sits in 
special console·equipped chair 
developed by Herman Miller for 
experimental system. 
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... most definitions of the user system 
are almost laughably inadequate ... 

diagrams in the file. 
"The true measure of any kind 

of system is its value to the user," 
says Engelhart. By this yardstick, 
the center's set-up appears very 
valuable indeed-at least to those 
unburdened by traditional ways of 
thinking about intellectual proc­
esses. But the center's track is by 
no means completely clear. Return­
ing to his transportation analogy, 
Engelhart points out that "traffic 
jams" could prove a serious prob­
lem for interactive computation. 
"However, transportation systems 
are inherently limited to two di­
mensions-three in the case of air 
transportation," he says. "Compu­
ter systems have the potential for 
multidimensional expansion, with 
no limit in sight today." 

Virtually all computer experience 
accumulated to date centers on 
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Double bus. The SRI system's computer memory is simultaneously accessible 
from the processor as well as special and conventional peripheral equipment. 
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pencil-and-paper techniques. This 
procedure is grossly inadequate, 
says Engelhart, because the data 
rate is necessarily several orders of 
magnitude slower than the user's 
train of thought. 

Test case. The kind of problem 
that must be solved in designing 
a user system and its interface with 
a service system is illustrated by an 
analysis of what's involved in in­
serting a character in a word or 
adding a word in the middle of a 
sentence. The task includes three 
elements-the command, "insert," 
the entity to be inserted, and the 
place to insert it. To design such 
a capacity into a system, along 
with dozens of related functions, 
requires thinking several levels 
above the user-system/ service-sys­
tem interface and even further 
above specific hardware or soft­
ware design details. 

At the outset, Engelhart faced 
the problem of just how to begin. 
He realized that neither engineers 
nor users could adequately define 
an entire system that would prove 
to be most useful. Fortunately, his 
research team included individuals 
with a wide range of interests, ap­
titudes, and skills. Engelbart's 
happy inspiration was to use his 
staff, which now numbers 17, as 
its ovm subject group-building, 
experimenting, asking "why not 
. .?" and then trying something 
else in a heuristic bootstrapping 
operation. The staff thus develops 
the tools and techniques required 
to calTy out its assignment, living 
up to the project's goal of aug­
menting human intellect. 

Conglomerate 

In their working system, Engel­
hart and his research team have 
used some quasi-conventional hard­
ware and software, together 'with 
some unusual new design-origi­
nated at the institute or borrowed 
from other organizations working 
in the computer field. 

At the heart of the center's proj­
ect is a Scientific Data Systems 
940 computer with four memory 
banks of 16,384 words each. Con­
trolling the 940 is a time-sharing 
program developed at the Univer­
sity of California at Berkeley and 
later made commercially available 
by SDS. 

One of the 940' s distinguishing 
features is its double memory bus, 
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which permits the central processor 
and peripheral equipment to use 
memory simultaneously in most 
cases without interfering with one 
another. Only when the data 
sought is in the same module must 
one or the other give way. 

With the double bus, the dis­
plays can be refreshed without 
loading down the central processor. 
Since displayed information is us­
ually in one module, while the 
processor is working with another, 
refreshment can be handled di­
rectly from the main memory with­
out an intervening buffer. 

Bus schedule. All the conven­
tional and off-beat equipment is 
connected to the second bus. The 
former includes a fast magnetic 
drum, a disk file, and a line printer, 
as well as provision for eventual 
connection to the Advanced Re­
search Projects Agency's nation­
wide computer network [Electron­
ics, Sept. 30, 1968, p. 131]. This ap­
paratus has to be multiplexed onto 
the second bus. The standard SDS 
multiplexer doesn't have the capac­
ity for this, so it handles only the 
drum and another special multi­
plexer designed and built by the 
center staff. A complex priority 
scheme wired into the multiplexers 
decides which device gets access 
to the memory when two or more 
conflict. 

One of the unusual devices in the 
system is a crt display with a 
closed-circuit television link. A con­
troller in the multiplexer drives six 
conventional display systems, 
which include the necessary char­
acter and vector generators, digi­
tal-to-analog converters, and the 
like. The crt in each display, how­
ever, measures only 5 inches in 
diameter and faces a television 
camera that transmits the image 
over a coaxial cable to a receiver, 
which replaces the usual display. 
The tv camera has 875-line, rather 
than 525-line, resolution. In addi­
tion, such equipment is cheaper 
than a scan converter. 

Good deal. This approach has 
several advantages. The 5-inch 
crt' s are much cheaper than larger 
units of less precision. Some of the 
saving on the tube cost goes for 
the tv setup, but there are other 
benefits that could be realized in 
no other way. One of the most im­
portant is that the crt's need be 
refreshed only 15 times per sec-
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ond. This slow rate causes a flicker 
on the crt display that is severely 
fatiguing to watch-for direct view­
ing a refresh rate of 30 per second 
is a minimum and 60 per second 
is preferred. 

The slow refresh rate, however, 
permits a single controller to gen­
erate separate displays on several 
crt's, and the flickering is absorbed 
in the tv camera's vidicon. A vidi­
con image remains nearly constant 
for a short time before beginning 
to drop off-as contrasted with the 
nearly exponential decay of the crt 
phosphor. Broadcast tv cameras 
are adjusted to minimize this lag 
time; the center's cameras are ad­
justed to maximize it. As a result, 
the image is retained long enough 
so that the flicker in the tv receiver 
is hardly noticeable to most per­
sons, except where parts of the 
display change rapidly. 

Another advantage is that only 

Inputs. Conventional 
keyboard is in 
parallel with 5-key 
handset, whose 
combinations 
correspond to 
individual keys. At 
user's right hand 
is a "mouse," the 
movements of 
which on any 
smooth surface are 
duplicated by a 
spot, or "bug," on 
the display. Shown 
inverted at left, the 
mouse has two 
wheels and a ball 
bearing for 
three-point support. 

a single coaxial cable is required 
from each television camera to its 
receiver; five cables would be 
needed to drive a remote display 
directly. And finally, a simple 
switch in the tv control system in­
verts the polarity of the signal. As 
a result, the display is black on 
white, rather than the white or 
green on black that is typical of 
most displays. 

Animal kingdom. 

The principal input device in the 
system is an ordinary keyboard, of 
the same type used with many crt 
displays. Characters, words, or 
statements, "typed" on the key­
board, appear on the display. They 
may show up at the top or at a 
point indicated by a "bug," a spot 
serving as a pointer, controlled by 
a "mouse,'' which is a small de­
vice resting on the tabletop near 
the user's right hand. The mouse 
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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 requi re 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 10: Inner ecale graduated In fiftieths of• turn ; outer 
scale In full turns from 0 to 9. 

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

SERIES 70 : 
DIGITAL MODEL 71 : Magnifying face lens projects 3-dlglt 
readout to a hundredth of a turn . 

CLOCKFACE MODEL 71 : Only %! " die. la Ideal for min. 
apace applications. Excellent readabil ity to 50ths ot a turn. 

~ DUNCAN electronics, inc. 
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is supported at three points-two 
wheels on perpendicular axes and 
a ball bearing for stability. As the 
user pushes it this way and that 
on the table, the wheels turn; ana­
log sensors detect the motion, 
causing the bug to move on the 
screen, in tandem with the mouse's 
table h·ack. When moving rapidly, 
the bug seems to have a long tail; 
upon close examination, however, 
the bug is seen to move in a se­
ries of small jumps, leaving a fad­
ing footprint, which creates the il­
lusion of the tail. The lag time in 
the vidicon causes this; it's the 
only really noticeable effect and 
has no serious consequences on 
the system's operation. 

Most of the commands in the 
system are represented by combi­
nations of h vo or three characters. 
When issuing commands from a 

Remote pickup. Closed-circuit tv 
provides low-cost precision display. 

standard keyboard, the user must 
move his hands around on the key­
board and take his eyes from the 
display. Both actions tend to gen­
erate confusion and fatigue. To 
overcome these difficulties, the cen­
ter staff has designed a small five­
kcy handset that duplicates nearly 
every function on the keyboard. 
There are 31 ways to depress the 
five keys (not counting the "all-up" 
combination). These correspond to 
the 26 letters of the alphabet plus 
five special characters in an easily 
memorized code. With his left hand 
on the handset, his right hand mov-
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.•. the mouse is slated for 

more human engineering ••• 

ing the mouse and operating three 
control buttons on top of it, and 
his eyes on the screen, the user 
can work for hours with minimum 
fatigue. 

At ease. One recent development 
that pleases Engelhart and his staff 
very much is a swivel chair that 
includes the keyboard-handset­
mouse setup; it was developed by 
Herman Miller Inc., a leading fur­
niture company that has become 
interested in the center's activities. 
Lounging in the chair with a tv 
set before him, a user can work 
creatively in comfort. 

The center staff has ambitious 
plans for the future. For example, 
it expects to enhance the system's 
memory capacity through the spe­
cial multiplexer and to add six 
more displays. Further experi­
mental work has also been done 
with several new versions of the 
basic five-key handset. One staffer 
has even suggested a special glove 
with miniature switches in the fin­
gers. More human engineering on 
the mouse appears likely as well. 
At the moment, it's basically com­
fortable to work with, but the three 
control buttons are awkwardly lo­
cated for some functions. 

More importantly, the center 
hopes to refine the system for 
group interaction, including multi­
ple access to files for both reading 
and writing information. Since 
members of the groups may not be 
in the same room-they may even 
be continents apart-this requires 
computer-controlled audio circuits. 
Furthermore, w.ith the closed-cir­
cuit tv in the display system, com­
puter-controlled picture juggling 
should be possible-complete with 
such effects as split screens and 
superimposed images so that dif­
ferent files can be compared. 

One of Engelhart' s more exotic 
ideas is to have a tv camera on the 
display itself, pointing at the user 
and transmitting a shot of his fea­
tures to the central system. This 
would permit members of an inter­
active group to see each others' 
faces-a potentially important fea­
ture since in personal meetings 
much information is often trans­
mitted through gestures and facial 
expressions. • • 
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If your electronics 
problems are ... 
PEOPLE, 
PRODUCTION, 
and PROFITS 

UTAH has 
the answers 

Utah offers you GUARANTEED BRAINPOWER ... an inven­
tory of more than 4000 hard-to-find specialists, experienced 
people of all kinds, eager to work for you in Utah. 

An adequate and stable labor force of women and 
trainable people with the vocational training facilities to 
prepare them to meet YOUR needs. 

One major electronics firm now in Utah reports: 
Increased productivity 2.5 to 3 times. 
Decreased labor turnover 2h to %. 
. .. and that spells PROFITS ... 

That is why such firms as Univac, Litton, Sperry, General 
Instrument, Signetics, and others are sold on the fact that 
"This Is the Place" for profitable electronics operations. 

In addition to an unlimited source of low cost raw 
materials, Utah offers you: 

• Many trained people in the electronics field. • An 
outstanding and stable labor supply at reasonable wages. 
• Training aid and research help. • Low-cost plant sites. 
• Favorable freight rates. • Freeport-Export Exemption laws. 
• An ideal distribution location in the middle of a market of 
30 million. • Recreation, culture, scenery ... a wonderful 
place to live and work. 

Win the WE$T •• from 

UTBH! 
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For information write: 
UTAH INDUSTRIAL PROMOTION BOARD 
167 Social Hall Avenue, 
Salt Lake City, Utah 84111 Dept. 119 
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