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Intelligence: 
How Will It Affect Alphanumeric 

and Graphic Terminals? 
Paul Snigier, Editor. 

How does a systems integrator measure data entry peripher­
al, intelligent video display terminal intelligence? Ask five 
dozen or more manufacturers, as we once did, and it's 
likely you 'll get 60 different variations or nuances. 

Given the similarity of basic components in most sys­
tems, you could be tempted to use purchase or lease price 
as a first measure of terminal intelligence. Unfortunately, 
such an approach only provides a rough measure of how 
much of the distributed intelligence of the system lies with­
in the controller , and this is not a very reliable guide to the 
absolute intelligence of your particular configuration. You 
also must consider that software support and maintenance 
requirements often determine the level of your system's 
working intelligence and contribute a large proportion of 
the on-site system costs. 

Examine performance characteristics 
Several performance characteristics exist as indicators of 
terminal intelligence . But manufacturers place differing 
values on these particular characteristics. As a general rule, 
increased intelligence has been a function of the evolution 
from hardwired logic to interchangeable PROM to dynamic, 
stored µP or µC program operation; as a result, a correlation 
exists between intelligence and features that make the ter­
minal less subject to obsolescence . 

Among the features used to measure intelligence are pro­
tected fields that provide you with a fill-in-the-blanks 
capability. Formerly accomplished by off-line user 
programming, this feature is now included in the software 
package provided by most of the manufacturers. Similar 
features, also provided by software, are validity checking 
for alpha characters in user-defined numeric fields and range 
checking to signal values which exceed established limits. 
The ability of the host computer to read the address of the 
cursor, rather than simply monitor cursor movement, con­
stitutes another measure of intelligence. 

Editing capabilities of the terminals are also used exten­
sively as measure of intelligence. Buffered CRT terminals 
feature selective movement of the cursor in the up, down, 
left and right directions as well as a quick return to a pre­
defined or home position. Additional intelligence comes 
from user-defined special function keys, often combined 
with separate numeric key groups to provide speed advan­
tages in both data entry and editing. The addition of more 
intelligence to a CRT terminal , or specifically , additional 

76 Digital Design JULY 1979 

memory and logic, allows features like the insertion or 
deletion of lines and individual characters to occur in 
the terminal, rearrangement, insertion of fixed text, and 
more advanced features now in use . 

Smarter, smarter and . . . 
The use of multi-color display , or the less expensive ap­
proach using programmable intensity levels, to identify spe­
cific fields forms another measure of intelligence, as does 
the blinking of important characters or fields to demand at­
tention . While it is almost universally available, character re­
peat is also considered by some manufacturers to be a mea­
sure of intelligence. Other measures of intelligence include 
the presence of peripheral devices such as printers, cassettes 
and disk drives as well as the ability of the CRT terminal to 
interface with such devices . In the remote terminals, you 
should examine the following qualities: protected fields , 
validity and range checking, addressable cursor ; L, R, U, 
D, H, RI cursor control ; special function and numeric 
key groups, character insert/delete, line insert /delete, char­
acter repeat , character or field blink, programmable bright­
ness, printer and off-line storage peripheral controls, firm­
ware (interchangeable PROM) programming and micropro­
cessor (or minis) for programmability , and other related 
qualities. As mentioned before, the evolution from hard­
wired logic to dynamic program storage in the CRT termi­
nal fends off obsolescence by permitting the achievement 
of the intelligent features in any terminal if the logic and 
memory capacity exist. The fully programmable approach 
presently entails both increased price and a need for 
extensive software maintenance, however, and is often be­
yond the user's capability. For many of today's applica­
tions, the interchangeable approach - which gives the user 
selected near term intelligence without greatly sacrificing 
long term flexibility - is a compromise . 

A key element in terminal design is the functional separa­
tion of hardware. By keeping building blocks apart, manu­
facturers can increase price/performance ratios in the indi­
vidual building blocks without redesigning the entire termi­
nal. At the same time, they can achieve applications flexi­
bility and growth. 

A principal hardware element in all intelligent/communi­
cation terminals is the keyboard . While the 53 key TTY 
standard configuration is available ' several other models are 
available. One variation consists of adding several control 



MODEL 

E 
*PERFORMANCE 

e UPPER I LOWER CASE 

e 80 CHARACTERS X 25 LINES 

e FULL EDITING CAPABILIT IES 

e EXTREMELY PRICE COMPET ITIVE 

e FLEXIBLE DISPLAY ATTRIBUT E CAPAB ILITIES 

e BUFFERED AND CONVERSATIONAL OPERATION 

DISTRIBUTOR 
INQUIRIES 

WELCOMED 

e EASILY SELECTED DATA COMMUNICATIONS SPEEDS - UP TO 19.2K BAUD 

e STATE-OF-THE-ART TECHNO LOG Y INCORPORATING MICROPROCESSOR AND LSI DESIGN 
CONCEPTS 

e CODE COMPATIBILITY WITH TEC MODELS 501I502 PROVIDES EASY MEANS TO UPGRADE 
EXISTING SYSTEMS 

TEC, Incorporated 

1E... Corporate Headquarters: 2727 N. Fairview Ave .•Tucson , Arizona USA 85705 •(602) 792-2230•TWX 910-952-1 377 
~~~ Eastern Regional Sales Office : 333 Sylvan Ave. • Englewood Cliffs, N.J. USA 07632•(201) 871 -0244 

~ European Sales Office: Avenue Louise 148- Box 6• 1050 Brussels, Belgium• (02) 649-8154•TLX 846-63553 

Circle 38 on Reader Inquiry Card 

JULY 1979 Digital Design 77 



keys for cursor movement and data tramsmission. There are 
usually seven of these additional keys, and they provide the 
operator with a simpler approach than the one required by 
the 53 key unit. A few terminals also offer an option con­
sisting of a numeric keyboard equipped with the numerals 
0-9. This options allows the operator to input numeric 
information without using the shift key. 

Need alphanumeric terminals? 
An I. Q. test developed by Zentec can determine whether 
your needs are dumb , smart or in telligent. How? Numerous 
questions must be answered before you specify the optimum 
terminal for your data or word processing system. Should 
it be dumb? Smart? Or intelligent? Clustered or stand alone? 
Do you need local processing capability? Expansion RAM, 
ROM or PROM? Should it be user programmable? Or can 
you pre-program it to satisfy your system's requirements? 
Use the following chart. 

Dumb Smart Intelligent 

Local CPU Processing No No Some 

User Programmab ili ty No No Some 

Expansion RAM No No Some 

Expansion ROM/PROM No Some Yes 

Display able Characters 64 64-96 128-256 

V ideo Attr ibutes Limited Some Some 

Screen Character 5x7 7x8 7 x 9 

Matri x Resolution 

" Soft -Font" No No Some 

Down Load Capability No No Some 

Pri nter Capabil ity Some Some Yes 

Mass St orage Capabil i ty No No Some 

Prot ected Dat a No Some Yes 

Higher Level Languages No No Some 

Panels are delayed 
The Jong-awaited revolution in display reliability by the 
substitution of solid state alternatives for the CRT has yet 
to appear. The principal obstacles are wiring interconnec­
tions necessary to form characters and symbols at low cost. 
The most likely challengers to the CRT include plasma pan­
els and liquid crystals. But neither approach has yet signifi­
cantly impacted the terminal market. 

Whatever the design approach, the overall impact in the 
terminal industry has been the conversion of dumb termi­
nals, consisting of keyboards and CRT displays, to intelli­
gent displays with far greater capabilities. Manufacturers 
now have to supply operating systems (software and peri­
pherals) in addition to the terminal hardware. In this regard, 
terminal designers opting for off-the-shelf minis or com­
patibie micros have an advantage in software and peripher­
als. But size and price considerations point toward greater 
use of the micro memory data bus arrangement. 

Further incorporation of intelligence, utilizing VLSI, 
will create new terminals with advanced features economi­
cally unfeasible today. This phase should begin in the very 
early 1980s. 

New realism for graphics 
Increased intelligence and greater processing power at lower 
costs is having an effect upon computer graphics; and com­
puter CRT djsplays now produce color pictures in full three 
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dimensions, with dimensional capability approaching that 
of photographs in their realism . Will stick drawings remain 
the mainstay among CAD-CAM (computer aided drafting­
computer aided manufacturing) users and other users? Yes , 
although improved software and newer computers are 
making realistic displays at lower cost more attractive to 
users. 

Shadow placement , extensive calculations and perspec­
tive alteration - these and other techniques requiring ex­
tensive software have been overcome; and realistic dis­
plays are now being used to generate product promotions, 
instructional films, flight simulations, advertising materials 
and fill the needs of a sundry host of other applications 
that grow as costs plumet. 

Unfortumately, color 3-D images require so much num­
ber crunching capability that software to date has been un­
able to provide updated pictures in real time that do not 
create a jumpy motion due to inadequate updating. To 
lick this problem, designers have taken several approaches 
to graphics high-speed processing hardware. 

Surface description geometry covers polygons 
Surface description geometry, the standard technique for 
writing graphics software, evolved from the earlier frame­
work (stick) graphics seen so often. In operation, the pro­
cedure is simple: the framework is removed and a sur­
face "stretched" over the surface. Each frame segment 
forms a flat polygon, and light reflected from each is de­
fined by a vector. Now, to approximate a smoothly-curved 
surface, these vectors that specify reflection are incre­
mented over the object's surface , thus creating the appear­
ance of a smooth surface. 

The first big advance was software that could transform 
x, y, z coordinates in to x ' , y ', z' coordinates such that new 
coordinates defined a perspective . The mathematics was 
straightforward, as you would guess, but the program 
would create many Jines; the procedure was needlessly 
lengthy - even for the early and low-power computers of 
the 1960s. 

Next, programs were written that considered only the 
points of intersection of lines, transforming these vertices 
to new locations through matrix translations. With the 
addition of a third or z-axis, the software could automati­
cally generate a 2-D view - once the observer's location 
was specified. The given object, defined as a series of ma­
trices, and multiplied by a matrix incorporating rotations , 
scaling and translations, generated a perspective view that 
was accurate. Unfortunately, the object resembled stick 
figures - not reality . This was adequate for modeling ma­
chinery and CAD-CAM. 

Next, programmers defined surfaces of objects ; and 
clusters of these polygons formed the surface , with prioriti­
zation determining which polygon could mask which other 
one when maneuvered about in three dimensions. With sur­
face definition via polygons now possible , the next step 
was to simulate lighting effects , whether fro m a single 
source, or multiple sources , whether sunshine or indoor 
lighting. A vector of a given magnitude , which correspond­
ed to polygon surface reflectivity , is defined such that it is 
normal to each polygon surface. Thus , vector magnitude 
defines the amount of reflected light. With a program 
knowing the position of the light source and the refle ctivity 
vector for that polygon , it performs a scalar multiplication 
to obtain a scalar value to be associated with that polygon . 
This is the shading of that polygon . 

The object, now comprised of a multi-faceted array of 



different-shaded polygons, begins to resemble the object. 
To smooth out these polygons, software-smoothing routines 
alter the reflectivity vectors and break the polygons into 
pixels (small squares). Interpolation smooths the intensity 
over each polygon , creating a gradual transition of intensity. 

Solid geometry uses shapes 
In solid-description geometry, fundamental geometric 
shapes such as cones, cubes, pyramids and spheres are used, 
with software adding or removing elements. This creates the 
final shape. Instead of a matrix of vectors, this solid descrip­
tion geometry (which is used a good deal in computer aided 
manufacturing and design) stores in memory an array of 
separate solid characteristics. 

Creating motion requires computational muscle 
Even with some of the larger machines, using software to 
perform the numerous calculations needed for realistic and 
continuous motion, with an updating of frames at a suffi­
cient rate to avoid jerkiness, is certainly asking the soft­
ware to do too much; instead, dedicated software is used , 
and utilizes pipelining and can handle large vectors or arrays 
of data. A single instruction can perform an operation (such 
as multiply, subtract or add) concurrently on a large array 
of data. A data block passing through the pipeline processor 
is first operated upon by one operation, followed by a 
second, and so on, with subsequent data blocks following 
behind it. When the pipeline is full, the first data block will 
be outputted. Lower-cost array processors should provide 
increased number crunching capability needed and will 
lower overall graphic processing costs. 

As for applications, flight simulators for airline pilots 
and NASA astronauts are well known . Other simulators 
exist, and by maneuvering an oil tanker, space shuttle arm, 
crane or airliner, a trainee can quickly gain practical opera­
ting experience - without damaging the tanker or 747. 
Although realistic simulation is made , these solid-descrip­
tion , geometrically-defined objects (most often used in 
simulators) need not be perfect in realism as they are in­
stantly recognizable by the operator. Most such solid des­
cription geometry programs have required large main­
frames. For example, to generate 12 basic shapes, one such 
program used to create objects uses over 200 kbytes on a 
32-bit machine. 

Raster scan displays, so often limited to a 512-by-
5 l 2 screen, cannot display the detail that caligraphic CRTs 
using a 4096-by-4096 - point screen do. 

A growing future 
The future of graphic modeling will result in lower-cost 
units available in new industrial and commercial applica­
tions. With greater processing power, better algorithms and 
software, better texturing, improved blending (to avoid 
double imaging, size changes, edge wobbling, etc), costs 
continue to fall, until these displays are affordable by mar­
kets now untapped. Costs will plumet. Line graphics soft­
ware has run to $50,000; solid geometry packages, to 
$130,000 or so; and full color , real-time surface systems, to 
$1,500,000 or more. With costs continuing to fall, 3-D 
color graphics will become more commonly used in the 
early to mid 1980s. One major key to these cost break­
throughs will be improved hardware and software . 

Rate this article: Circle 6L, GM or 6H 
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View~oint 
Pasq uale Pistorio, Vice President 
Motorola, inc., Phoenix, AZ 

Electronics in the 1980s: 
Revolution or Evolution? 

Will growing development and manufacturing costs force 
manufacturers to remain longer with existing (if not "obso­
lete") technologies? 

In the area of technology , it is difficult to draw a clear 
line between technological evolution and a new technology. 
I consider as new technologies those which involve new ma­
terials (for example , Si vs Ge) , basic changes in device phys­
ics (for example , bipolar vs MOS) or basic changes in com­
plexity and /or flexibility (for example, I/Cs vs discrete 
components and µPs vs I/Cs) . New technology life cycles 
lengthen due to larger investment , larger base of applica­
tions , more customers committed - all requiring larger 
technical and financial change . Therefore , even if new tech­
nologies are brought into mass production, thro ugh all the 
80s, most semiconductors will be implemented with exist­
ing technologies . But within those , a continuous technolog­
ical evolution will occur , with changes in the _r.ro~:_:;sing and 
design , and introduction of new products with vastly im­
proved characteristics. 

What about the other component of technological evolu­
tion - manufacturing techniques? I believe the next five to 
seven years will produce most dramatic changes: several 
new instruments and processing tools will force industry to 
push the state-of-the-art technology to enormous complexi­
ty . Electron beam mask preparation equipment , for exam­
ple , will allow I-micron line and spacing definition com­
pared with the 3- to 5-micron definition used today . Plasma 
etching technology will replace wet processing with dry 
processing, and will reduce significantly process cost , yet 
improve production yields. 

Ion-implant will replace more and more diffusion tubes . 
The switch from 3" wafers to 4" and 5" wafers will be ba­
sically completed . The mechanization and automation of 
the various manufacturing steps will accelerate at an un­
precedented rate , and packaging will receive major atten ­
tion . All of these techniques are now in their infancy, and 
increased use will add new dimensions to exploiting VLSI , 
with further dramatic improvements in quality and reduc­
tion in "per function costs." 

Manufacturing evolution will play the major role in the 
competitive success of suppliers in the next five to seven 
years and will gradually diminish the importance of labor 
content of devices , therefore reducing the attractiveness of 
savings due to off-shore manufacture vis-a-vis admin istrative 
complications , political considerations and risk facto rs. 

What end products will become available in the medium 
term (five to seven years)? The introduction of the µP is 
not reducing the need for stand ard digital I/Cs or even dis­
crete components , even if it is replacing many of them in 
some existing applications . In fact, the MPU will open new 
markets that will require new types of discrete devices and 
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trad itional I/Cs; and , while a large percentage of today's 
custom LSI will be replaced by MPUs , this will not reduce 
the need for specific LSI circuits in cases where volumes are 
large enough to make custom circuits economically advan­
tageous over MPUs. 

The disc rete business will continue growing (but at a re­
duced rate) with new product opportunities showing up in 
areas like varistors , sensors , RF transistors , smart power , 
opto electronics, displays and discrete components for fiber 
optic coupling. In traditional logic families , the relative 
growth of CMOS continues, especially with the advent of 
faste r versions. In absolute te rms , MECL and advanced TTL 
families (especially Schot tky) will grow as well , although 
the speed evolution , in the medium term , seems to have 
slowed . This applies only to the upper end of the speed 
scale . It does not apply to specific families like CMOS or 
NMOS , where a speed increase by a factor of five to ten is 
expected through technological enhancement such as Si­
gate CMOS , HMOS , DMOS , VMOS , SOIS , SOS and other 
emerging technologies. 

In the bipolar linear area we have experienced a pro­
gress in complexity of a factor of 20 in the last 15 years . In 
the next five to seven years, another increase by a factor of 
five looks feasible . 

Digital techniques will move into more analog applica­
tions, as I predicted a while back at a Midcon Show , and 
power I/Cs will increase their power handling capability , 
with SOW devices probably available within three years . In 
memories , the l 6K RAM is available in volume ; further evo­
lution will see the 64K in volume; and within the five to 
seven yea r time frame , expect to see in production the 256K 
RAM s, with 1 Megabit memories by 1985 . 

The µP revolution will continue to impact the semicon­
ductor industry and the electronic business at large. In­
creased complexity will provide more powerful CPU for 
greater thro ughput and increased man-machine interaction, 
providing greater flexibility and easier usage . 

More powerful CPUs will challenge and upset established 
equilibriums in the computer industry - and even more in 
the general dp industry - both domestically and interna­
tionally. Increased man-machine interaction will be more 
important and far reaching in the variety of new applica­
tions and number of users by permitting high-level lan­
guages in µC programming. A beginning in this direction is 
already on the way, with new µPs having up to 70 ,000 de­
vices on a single chip. By 1985 , chip complexity could 
reach 1 million devices. 

One thing already emerges as very obvious - new de­
vices will drastically alter the system designer's world in the 
1980s . Will yo u be prepared to take advantage of these ex­
ci ting new developments? 








