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Abstract

Electrical Englneers & desligners at Bell-Northern Research are
engaged In design work in a number of different fields. The
deslgn process typlcally involves two-dimenslonal 1lnear
artwork. A varlety of graphlcs equlpment has been installed to
ald the designers in thls work, Including digitlisers, plotters
and a number of CRT displays., Many of these devlces are
operated on-line to our central computer as time-sharing
terminals.

This paper describes one of our system software developments.
The IDIIOM graphics display system Is a large refresh CRT
system wlth a function keyboard and 1lghtpen. This system Is
supported as a fully Interactive time-sharlng terminal,
Interfaced as a satelllte graphlcs processor. The nature of
our graphlics support is critically described, as well as the
program deslgn, before conslderlng the place of such systems
In computer graphlcs In the future.

Résumé

Les ingénieurs €lectriciens et les concepteurs des Recherches
Bell-Northern effectuent des travaux de conception dans divers
domaines. Le Processus de conception comprend ordinairement
l'exécution de nombreux dessins linéaires bidimensionnels.
Divers appareils graphiques ont é€té installés pour aider les
concepteurs dans ce travail, entre autres, des convertisseurs
numériques, des traceurs et un certain nombre d'affichages
cathodiques. La plupart de ces dispositifs sont reliés en
direct & 1'ordinateur central de la compagnie, comme terminaux
fonctionnant en partage du temps.

Ce mémoire décrit 1'une de nos réalisations en software.
L'affichage graphique IDIIOM consiste en un grand systéme
cathodique doté d'un clavier et d'un stylo &lectronique.
Terminal en partage du temps entiérement interactif, le systéme
sert de processeur graphique auxiliaire. Le présent mémoire
donne une description critique de ce systéme et de la conception
du programme, puilis &tudie le rdle que de tels dispositifs
pourraient €tre appelés 3 jouer dans le domaine des applications
graphiques de l'ordinateur.
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The Graphic Environment.

Bell1-Northern Research is involved in research and development
into telephony, telecommunlcations and related fields. A

slgnl flcant proportion of this work lnvolves the destign of
two-dimensional geometrlc patterns, for example the drawling of
electrical schematlcs and the artwork for both integrated
clrcults and printed clrcult boards. A large volume of graphic
data Is also produced in the form of program flow charts.

To ald our englneers and des! gners a variety of computer
graphlc devlces has been Iinstalled. This equlpment includes
digltizers, plotters, photoplotters, storage tube CRTs and a
satelllite graphics system hased on a refresh tube CRT.

These devices all access our central host computer. This
machine, a large iBM System/360 Model 67, runs exclusively in
a tlme-shared mode supporting typlcally 50-60 terminal users
simultaneously. The graphlcs equlpment operate variously
off-11ne, on-line and throurh a combination of the two. One of
our dlgltizers for example works off-1ine producing a card
deck which can be entered at the host, whlle another produces
a disk flle off-1ine which can be transmitted over a
communications link to the central computer. Similarly one of
our plotters Is driven directly on-1ine, while the
photoplotter Is driven from the card deck mentioned above.

It is our policy to provide full and flexible Interchange
between the devices at our engineers disposal. It should be
possible to use the most convenlent or suitable graphic aid
for each particular step of a deslgn process. It is also our
policy to encourare use of the central computer for simulation
and data analyses. One critlcal process for example is the
preparation of data from digitized schematics and IC designs
that will enable manufacture, testing and maintenance over the
11 fe of the electronlc product, a span of 10-20 years after
its Initlal development.

These Imply rigorous data control. We are achieving this
through standard data representation Independent of the
graphic device on which the data was created or Is to be
modified. Data translators are required to provide transfer
between devices, but this effort s minimised by translation
to and from a common central representation. A minimum number
of translators are required by thls approach, though a double
translation Is In some cases required for the transfer.

Th f .

The graphics device user who elects to use a number of

di fferent devices Is faced with a compatability problem: no
two manufacturers have asreed on a common software Interface
and even the same manufacturer has di fferent Interfaces for



different devices. The only support consistently offered Is
FORTRAN callable subroutines. These typlcally support the
manufacturers hardware and offer but limited logical
facilitles., The user is left the task of Intelllgibly
interfacine the device to his system, before he can even start
on hls appllicatlion progam. This Is a greater problem If he
prefers to use a lanruage other than FORTRAN!

This situation Is understandable. To date the graphics market
has been falrly restricted In terms of Its size and
penetration of the computer market yet the range of
applicatlons to which graphlcs devices are belng put 1s
conslderable. FORTRAN callable subroutines are at the hlghest
level at which support Is worth encoding. However our
requirements to support a wide and Increaslngly diverse range
of graphlc devices and to be able freely and easily to
interchansge data between them, mitleated further against use
of supplled software in favour of our own develoment.

G e I inal

Let us turn our attentlon to graphic termlnals and the
characteristics of the one that Is the subject of thls paper.
A granhic terminal is defined as a device with a CRT of some
type, a typewrlter keyboard for character input and some
specles of coordinate input device, the whole connected via a
telephone 1ink or channel to a host shared remote computer.
One may further caterorise such terminals as in figure 1.

A number of Simple 1/0 devices such as the Tektronix 4013,
ARDS and Computek 300 are in use., These are Direct View
Storare Tube (DVST) devices and are proving very popular.
Storase tubes are relatlvely cheap, but suffer a number of
graphlic disadvantages. The refresh time Is long since they are
dependent on 1lne speeds. Conversely, they can display a lot
of data wlthout flickering, a problem wlth refresh CRTs.
Selectlve erasure Is not possible. Thls Is a slne qua non for
dynamic displays and for interactlve editting. Lithocon
storage tubes offer thls capabillity but do not yet have the
resolutlon characteristics requlred for fine graphlc work.

T 10 Ha

The IDIIOM system that has been Installed at BNR offers bhoth
Buffered 1/0 faclilitles and those of an Intelllgent terminal.
The IDIIOM consists of a larsge refresh CRT, a display
generator (DG) which shares 32K of 16 bit words of memory with
a Varlan 620/f mini-computer. Local storage consists of a 3
mil1llon character disk storase drive. The CPU program builds a
sequence of display orders in memory, that the display
generator then Interprets as a display program, to present the
display on the screen. Interrupts, from a light pen, a
function keyboard or the display program itself, supplled
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through the display generator enable dynamlic and Interactlive
modification by the CPU program of the display.

The IDII1OM shows buffered 1/0 characteristlics when translating
display data received from the shared host, buffer by buffer
into an IDIIOM display program. This may be termed a passive
functlon., It shows Intelligent termlnal characteristlcs when,
usine the light pen and the functlon keyboard the user Is able
interactlvely to Influence the display view. This Interactlon
is wholly whithin the IDIIOM terminal and requires no response
from the remote shared computer.

GRIFFON.

GRIFFON Is the name of the software we have developed for the
iDIIOM. It has no meanling as an acronym (though we tried!),
but as In the myth it bears slgnlficance for the combination
of mutually incompatlible functlons that It encompasses. The
tltle even, misspelt, has been retroactively applied as the
software has evolved.

A key factor in the deslgn of GRIFFON as mentioned above has
been Interchange between graphlc devices through compatible
representation on the mainframe. This has led to two major
subsystems and the supporting of the IDIIOM as an Interactlve
time-sharing terminal,

Communication with the 67 is over elther of two communication
links. Bulk data transfer Is provided cver a 4800 baud line
while time-sharine interaction is over a 300 baud teletype
11ne. Thls operates throush a sllightly modifled teletype port
on the 620.

Users have access to the full complement of time shared
services and thus are able to interact with the malnframe
independent of the IDII10OM display for the preparation and
modification of data needed or used In a subsequent display
operatlion., So far as software development is concerned, all
our work has been done usine normal keyboard terminals, wl th
transfer of completed programs over the 11ne to the 620.
Without these llnks the progress we have made would not have
been made.

The software requlred to handle the telephone links and to
communlcate with the time-sharing software, CP/CMS, was the
first thing we tackled. This is now embodied In the first two
GRIEFON subsystems, LOGIN and CMS. The LOGIN subsystem
controls the users connectlon and Inltlation Into CP/CMS,
simllarly to the way he would login at any other terminal. We
ensure transparently that the high speed llne is loglcally
made avallable to him, enabllng the various service programs
he will run to operate without further setup operatlions. Once
through LOGIN the CMS subsystem Is Invoked whlch enables full
interaction with CMS and selectlon as the user wishes of the



next subsystem to be used.

CALCID is the first major subsystem. We run a CALCOMP plotter
driven by data held in disk files called PLOT files. CALCID
provides a quick-view capablillty of such CALCOMP PLOT files at
the 1DIIOM enabllng significant savings of plotter time
through ellmination of bad plots. CALCID Is essentlially a
passive environment In that there is no facility through
graphic interactlon to alter the data dlsplayed. The yiew of
the data that Is displaved can be changed and thus the
valldity of the graphlc data conflrmed, or errors discovered.
Once satlsfied the user can then commit the PLOT file to hard
copy; or he can through CMS recreate his PLOT flle till
satisfled.

The key features built into CALCID are those enabling
rescallineg and relocatlon of the display view. These use the
refresh speed of the displav and its dynamic modification to
full effect. Integrated circults for example may contain
10-20,000 vectors and the deslgner needs to be able rapidly to
WINDOW In to view the detailed arrangement of 100 or so
vectors. A GRID may be overlald to conflrm vector allgnment
and displacement.

These features have proven especlally useful when confirming
the accuaracy of SPl Flowcharts. SPl Is a BNR development and
now product, of a telephone exchange that operates under
Stored Program (or SP) control. Data describling the programs
has to reach the customer running an SPl telephone exchange,
In as accurate a form as possible. The ZOOM, SLEW and MOVE
commands of CALCID enable the programmer to follow through the
loglc of hls program as recorded in the flowchart and
highllghts the errors that need correcting before producing
the filnal hard copv. The TEXT and PAGE commands were provided
for flowchart viewlne, The TEXT command makes textual data
visible, while the PAGE command selects the next section of
the flowchart for examinatlion.

A subset of the CALCID subsystem commands are provided in the
second major GRIFFON subsystem, Grapple. Grapple was developed
as an interactive graphlc description language. As well as
solving our data interchanre problem, it Is also proving
itself as a graphlc environment programming language. Our
first Implementation under GRIFFON is similar to CALCID in
that the Intelllgence of the IDIIOM Is not used Interactively
to modify the displayed data. However, the data can be
Interactively modified throush the Grapple processor running
on the 67. Local commands at the IDIIOM enable alteration of
the view to be made several tlmes faster than through
interactlon with the 67.

We have made no partlcular provislon for those of us who are
left-handed. Figure 5 shows the format of the IDIIOM as seen
by a user. The 1leghtpen and user provided menu lie within
reach of the right hand. The location of the function keyboard

32,



32.6

and tvpewriter keyboard are not however fixed and may be
relocated to suit either handedness. A five line scroll for
textual communicetion is fonnd at the bottom of the screen
nicely at viewine height and within normal eye movements from
the keyboards. This we belleve provides a very convenient
operatine environment.

Structurally, GRIFFON has evolved into a program overlay
arrangement. Storage restrictlons led us to adopt this format
originally, though once adopted of course, it gave us an open
ended structure to which additlonal subsystems could be easily
added. A restriction to the overlay structure which at the
time of writing we are coding to overcome prohibits us from
structuring multi-leg overlays: each of our subsystems is a
single overlay.

The storage restriction arises because of a need to dedicate
as much core as possible to the display file. A mask of
10-20,000 vectors requires 10-20,000 words of display file at
least and maybe more when scaled to its maximum extent. This
may be consldered an unnecessary restriction. The IDIIOM
hardware after all includes a feature that enables the program
to determine whether a graphlic entity Is visible or Invisible.
In theory it Is only necessary to malntaln those entities
which are at least partlally visible in core, In an actlive
display file. Invislible sectlons of the display file could be
swapped back In from disk as the user MOVEs or SLEWs to bring
them into view. By maintalnlng the whole display file In core,
we Implemented relocatlon with a minimum of effort.

It 1s worth noting that we do not need to do software
scissoring. Perhaps if we did we would have developed a
swappling algorithm and avoided storage restrictions.
Sclssoring is necessary on devices where "wrap around" can
occur, l.e. where the display addressing scheme 1s 1imited to
the viewling area. The IDIIOM Is equipped with a "virtual”
display area 4096 times the visible area, provided by 16-bit
coordinate addressing. Thls glves a more than adequate 1imlt
to magnl flcatlon, such that sclssoring was unnecessary.

Sclssoring from another polnt of view helps to reduce
"f1lcker". Fllcker, is a problem wlth refresh displays,
arlsing when the volume of data displayed is such that the
display generator cannot refresh the image within the decay
time of the phosphor on the screen. This Is not In practice
too great a problem. Agaln, the IDIIOM hardware Includes
features that minimise fllcker, by reducing display generator
processing time when the displayed data Is Invisible. Flicker
has only been a critical nulsance when viewing an Image
contalning large amounts of data at a scale such that all the
data was vislible. Some masks pulsated psychedelically. At
these scales though detall Is hard to dlfferentiate and
productive use of the faclllty is made only after Z0OMing to a
reasonable scale a scale at which flicker Is In any case
minimal.



The GRIFFON's Future.

Lewis Carroll's Gryphon wanted the adventure first and no
explanatlions. In the same way our GRIFFON Is 1lkely to evolve
rather than be tlghtly specified and planned. The key
shortcoming in a graphic sense, is the absence of any real
intelligence built into the IDIIOM, the absence In the code so
far of interactive data manipulation. Evolution Involves
expediences and compromlses. GRIFFON's evolution to date has
been subject to the requirements of exlsting data structures
In the 67. We antlcipate evolvine more interactive graphic
functions local to the IDIIOM system.

The implementation of a GRIT interpreter at the IDIIOM is the
third major subsystem to be implemented under GRIFFON, and
falls wlithin this last category.

Grapple, the interactlve graphlcs language mentioned earlier,
is Implemented in a compiler, which 1ike all compilers
produces object text. For a termlinal session, Interactive with
the 67, this object text remains in main memory, and Is
Interpreted there produclneg the prosrammed visual effects at
the specifled graphlic device. A Grapple feature permits the
saving of the complled text as a file on disk known as a GRIT
file. GRIT files will be transferred to the IDIIOM and the
interpretation done there.

The expedliency for dolng this Is essentially one of speed.
Time-sharing Interaction wlth a shared central processor Is
not as fast as one would 1lke, particularly for simple
graphlcal functlons llke diegitislng and moving elements
around. By coding an interpreter into the IDIIOM we will run
at CPU speeds rather than transmisslon speeds providing a more
responsive and far smoother graphic operating environment. At
the same time the power of the 67 Is retained for compllation.
This has the further advantare of retaining data
compatabillity, and hence of ease of transfer to other graphic
devices.

Interactive Graphlics at the sort of device described here Is a
sophlsticated tool. Without questlon It Is these
sophlistlicatlions that make such graphics attractive. In many
cases though, the graphlc facllities available through less
Intelllgent terminals such as storage tube terminals, are more
than adequate to the applicatlons need. The Intelllgent
terminal, the satelllte graphics system, has the key advantage
of speed. This advantare is meaningful only when used
intellligently to Its full extent, to do those things that are
slow or Impracticable at simple or buffered 1/0 graphic
terminals. We antliclpate more generally available hardware
alds, such as 3-D rotatlon, hidden-1ine removal and
sectloning. Whatever happens, satelllte graphics systems wlll
contlnue to have a valued place In our range of graphics
equipment.
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Graphics Jerminals
Ivpe
Simple 1/0

Buffered 1/0

Intellligent Termlinal

Characteristics

A11 functlons on host shared computer.
Display directly produced the data
recelved.

Local translation needed to produce
display. Some data manipulation
functlons locally. Other processing
functions suppllied by host.

Graphlics functions locally. Data
storage and processing centrally.

Figure 1.
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FIGURE 2
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GRIFFON Subsvstems

LOGIN
CcMS
. CALCID
. GRAPPLE
. Malntenance
. GRIT

Fisgure 3.

CALCID Subsvystem Commands

Control
SELECT
ERASE
CATALOG

Scallng
ZOOM UP
Z0OOM DOWN
WINDOW
RESET

Relative
MOVE UP|DOWN|LEFT|RIGHT
SLEW UP|DOWN|LEFT|RIGHT
ROTATE

Miscellaneous
TEXT
PAGE
GRID ON|OFF
GRID SIZE UP|DOWN
GRID OFFSET X|Y

Figure L.
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