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ABSTRACT

The report»desc?ibes a sophisticated type of image communication
syStem which is similar to computer graphics, and is distinct from the
more familiar facsimile tranémission. These remoté graphiés systems
are\attractivé in several économic and social areas, ranging from
business management to entertainment. Although their use is not yet
widespread, itAshoﬁld increase sharply in the near future. Some of

the implications, particulafly in entertainment, are disturbing.

Remote graphics, a relatively new area, is concerned with the
organization of a computer graphics systemtin which majorAcomponénts are
separated by serial communication lines. A main theme of the report,
therefore, is the tradeoffibetwéen terminal complexity and communication
load. Technblogical advances in semiconductor devices and in communication
system§ (in particﬁiér commercial packet switchingj are assessed with
regard to their suitability for remote graphics work. It is shown that
the terminals are becoming more powerful and less expensive. The discussion
on data éompression for reduced communication load points out the need
for certain hardware functions not yet implemented By graphics manufacturers.

The organization of the software is less advanced and several outstanding

questions remain.
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1, IMTRODUCT!ON

This 1Is a report on present and future developments in a

particular type of image communication -- that of structured

images., lt 1s distinct from the more familiar facsimlle

transmission In 1ts objectives, capabiiitles and- technliques,

-An alternative, but 1less accuréte, characterization of the

material presented is as remote computer graphics, In which the
various functional components of a graphics system are
partitioned into two or more subsets which are connected only

by relatively low speed serial communicétion lines,

The main theme of the report-is the effect on structured
image communication of two signiﬁicént processes of iﬁformaﬁipﬁ
technology: the advances - in semiconddctor manufactﬁring
techniques and the introduction of commercial packet switching,
Theée forces will bring graphics out of the lab into the hoard

room, the classroom and the living room,
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1.1 STRUCTURED IMAGES

Whaf constlitutes an imagé? At the 1lowest  1eve1 of
description it 1is simply the pattern of arrival rates and
energles of photons striking the individual rods and cones of
the viewer's retina, From this viewpoint it would appear that
an Image is fundamentally discrete . in time and space, as well
as structureless, Out of this photochemical turmoil, however,
the viewer perceives a continuum of intensity/colour, space and
~motion and manages to [Isolate components of the image as
separate entitles, He imposes order on the scene, The extent
of the roles df_heredity and experience in the development of
this sophﬁsticated process 1s of continuing interest to
psychologlists, neurophysio]ogiéts and others,  |£ Is genera}ly
conceded, however [1,1-1,37], that some functlons, such as edge
detectlon, motion detection and categorical colour perception
are "wired in", either Immediately behind the retina or in the
lower levels of the cortex, These funétions are."primlt{ves"
of the viewing process, At a still higher 1eve1; clustgrs of
.prlmitives, and perhaps raw input, are "recognized" as separate
implicltly-named visual entities (e,g, a square, a mumhy, or a
doggie). The Importance of viewing, as perception at a
distance, is witnessed hy the size of the visual cortex , and
the many phraseé which equate seelng with cognition'(e,g° .the
author's wuse of '"viewpoint", "it would apbeér",f»énd Mis

witnessed by" above).

There 1Is a strong analogy between the multiple levels of
human image perceptlion and the more rigid Aescriptions used in

machline generation and transmission of images, Consider the
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problem of describfng Fiéure 1,1 (from [;.uj) and .Figure: 1,2,
At the lowest level, one could 1ist the Intens}ty/co]our values
at a sét of preselected points (called pictufe‘ elements of
pels), uéually located on én equisbaced rectangular gridqv This
wiltl Be ca]led. fhe "unstructUred“ descriptibn, and 1is the

method used in conventional facsimile transmission,

As with visual perception, the firsf step in.sfructuriné a
description is the definitioﬁ of certaln primitives; typically,
these are segments of straight'or curved llnes (UVQctors" or
Marcs"), points, filled-area  dlsks aﬁd rectangles,or
alphanumerics, The set of brlmltlves used in a particular
appllcation Is determlﬁed largely by | the. reconstruction
hardware available,. A  structured description at a low level
gonsists of.a jist of primitives wlth quaiffylng -information
éuéh as inten;ity/colour, size, positlon and orientation
(“attributes“),' Flgure 1.2, for exémp]e, éou]dAbé desérfbed as
a éol]ectlon of straight 1line segmeﬁts,> each‘iof_whlch,is
anlified by the h—tuble of end point coordinates, .Jt iS.WQrth
ﬁoting, incidentally, that the structured descriﬁtfbn §ub$Umes
the unstrucfured descrfption as a set of 1lines, .pbints of

rectangles, each the size of the display screen granularity,

At a higher level of 'structuring, compfexes.of primftlves
can be ‘identified by name; these are usually termed "graphic
entities" .or "subbicturés". One way of desdrihing.Flgure 1,2
is In terms of subpictures such as "window", "roof", “doof",
etc,, eédh further defined in terms of primitive llne segments.,
‘Entities can also consist of a cluster of other entities which

are qualified by their attrlbutes of intensity/colour, size,
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orientation and position. "Small house" and "large house" are
examples, The precedence'relationshlps implticit In an entire

scene form a tree or lattice structUre, as illustrated in

Figure 1,3, .

‘How many bits are requ!fed to describe Figure 1;2? As the
numbér oF bits iﬁcreases there is a corresponding In&reasé in
cémmunication cost and delay, so the question fs certainly
relevant, The ansWer,‘oF course, is that the qﬁestion is
meaningless, since ft depends on the amoﬁnt of prior knowledge
available ét-the receiver, The structured descriptfon is a way

of organizing such prior information,

Consider flrst the lowest level of structuré, the 1Ist.of
QUalffied primitives (which,'béfng common to both transmitter
and receiver, are a form of prior information), In the ca;e_of
arc or alphanumeric primitives, the gains re]ati&e to the
unstructuréd description are clear, For vector pfﬂhitives,
there is an interesting analogy to the well known »run. length
encoding (RLE) [1.57] used on unstructured images; If the vector
is qualified‘by fhe k-tuple (x,y,Ax,ay), then the number of
blts. requijred  to specify ax,nAy, increases és the logarithm of
the vector 1ength-~‘precise]y the same variatioﬁ obtained in

RLE for runs along a raster line,

With increasing structure, communication effictencies

.become striking, If a subpicture has been defined In a

transmission or Is already known to thé receiver, then the next
instance of it can be specified simply by giving the name and

attributes, Minor modifications to existing images are also

4
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.Faéllltated; With transmission of the redefinition of a
subplcture, all windows could, for example, acquiré curtalins or
become circqlar° A whole new house could bhe added_ jUst by
naming "big house" and Its colour, positloh,etc. attributes.
It is important to note, by the way, that despite the use made
of the line drawing Figure 1,2 for examples, the above comments
about structure apply equally to filled area images such as

Figure 1,1,

The exploitation of structure to reduce computational
"load, communjcation load and response time Is implicit 1In the

rest of this-report.
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1,2 ORGANIZATION OF THE REPORT

The point has been made that structured image
" communlcation is different from facsimile transmission,
Economlc areas where structured iméges are attractive or
_essential are out]!néd in Chapter 2; "~ The remaiﬁder of  the
report Is technical in nature, starting with a brlief outline of
standard remote computer graphics techniques in Chaptef 3,
Chapters 4 .and 5 present surveys of graphi¢s hardware and
communicatlon technology, respectively, Particular attention
Is glven to important recent developments (e.g, semiconductor.

technology, plasma panels, comnerclal backet switching) as they
affect remote graphics, Chapter 6 attempts a éynthesis of the
many parallel technological changes wfth'a discussion of the
system organizatlion required to exploit them; it is , in part,
a look 1into the near future of graphlcs ° research and
development, Finally, Chapter 7 summarizes the maln findings

of the-report,
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2, . APPLICATIONS OF REMOTE GRAPHICS

‘The. preceding  chapter attempted to describe’ In genéral
terms the type oF‘graphics and computation covered in this
report, Subsequent chapters wi]l treat remote graphlics also at
a rather general level, Since it is important that the reader
be able to relate the discussion to possible usage patterns,
this chapter idéntifies six ap§1icatjon éreas Where possible,
their description includes the current level of activity and
future_prospects for each, Many applicatloné of computer
graphics which appear to be impossible to implement remotely
(such as display iﬁ a flight simu]atérvfor p1]ot.tréinfng) have
been.ignored, The technical details will be abbreviated; since

they are the subject of later chapters,
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2:1 THE EDUCATIONAL TERMINAL

With the commergial advent of electronic computefs in the
early 1950's, educators recognfzed the_‘potentiaj of the
computer for automated instruction, With the development of
fimeshéring in the eéfly 1960's (e,g, MIT's Project Mac), this
potential apbfoached ecdnomic feésibilit?. It was sufficient
to encourage 1iteraliy hundreds of programmer§ and teaéhers to
éreaté 1itefa11y thousands' of computer'_assisted» instruction
(CAl) packages =~= most of them rigid, unrespOnéive and du]i.
These factors, together-with the hyperbole which cloaked thelr

efforts, gave CAl a notoriety which persists to this day.

A-second wave of slower and more realistic experimentation
began In the late 1960's" and -early 1970's, This work has
produced both thg University of ll1linois-based PLATQO system
(which has not e;tqrely avoided hyperbole) [2,1] and Ontario's
CATS-0ISE network [2,231, which had Its ihceptién at» the
Natfdna]ARéseérch Councif of Canada. -lt is"now genera]ly
coﬁceded that;CAl has a cost-effective niche In the educational
system, Primary areas are the teaching of skills, or rote
‘learning, and instruction for the émotionally or intellectually
handicapped [2,3], Nelther of these, incidentally, need be as

drab as 1t sounds, since the technology involved is capable of

impressive visual, tactile and textual interaction,. .

Graphics is an obviously Important component of CAl,
Humans absorb and process visual information at enormous rates
compared to those possible by other senses; indeed, this Is the

most Iimportant lesson learned by the aspiring filmmaker {2,472,
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Consequently, graphics should be regarded, not as an aMusing

but expensive frill, but as an integral and efficlent part of

lesson presentation,

The detailed requirements of an educational termjnal are

still wvery much a matter of vresearch, but certain general

requirements are ‘'clear, Low level interaction, such as |

acknowJedgemént of user input, must be'véry fast, Higher.1eve]
interaction, such as an Indication of whether or not the
student's respoﬁse to a questlion was correct, must also he
rapid in order to maintain the feedback and student interest
essential to 1earhing. Lexical and semantic processing should
be sophisticated so that the user is nqt Férced to take part in

an ahnoyingly rigid "

conversation".  If the user group cannot
réad, then special audio-visual or tactile input/output devices
are necessary, Pictorial graphic display is often dictated by

the subject'matter itself, Finally, there is a requirement for

ldw capital and operating cost (or more precisely, high

cost-effectiveness) since education is rarely well supported

financially,

The above criteria dictate considerabie local fntelligence
for several reasons: first, communication costs are reduéed
wlth>local treatment of basic intera¢tlon; second, the response
time: is correspondingly improved; finally, the sost of

processing and memory is dropping more rapldly than the cost of

communication, The two educational systems mentioned above

evolved to meet‘these criteria,
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With the encouraging reports of: the cost-effectiveness of
current efforts in the CAl fleld, one can foresee a gradual,
but steady, iincrease Iin the use of educational terminals, It
Is the author's view that educational use will never wake up a
'_significant fraction of total communication traffic,
Nevertheless, research Into graphical and textual transmission
Iﬁ education shbu]d be funded, since it is in this area that
the minimization of communication and processing cosf is

particularly important.
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2.2 SCRIBBLEPHONE

Scribblephone is a term coined by Gordon Thompson~of Bell
Northern Research [2.5] to describe a graphlcal adjunct to
telephony, People using this device would bhe frqe to exchange

sketches, handwriting, and otHer handrawn graphics during the

course of a conversation by means of a special stylus and

display arangement, Malintenance pf a common graphic
space would allow collaboration between technically oriented

people, managerial people, and.others who 1ike to talk with

'thelr hands,

Scribblephone - could have Interesting applicationS- in

educatlon, Lectures on any subject for which this type of
graphics is sufficient could be' broadcast over radio or
teléphone 1ines, In comparfson with the extravagance of
television technology, this form of illustrated talk is modest
in Its use of bandwidth and 1is potentially so in . terms of

equipment cost (which is primarily LSI electronics), An even

stronger contrast between the two technologies arises 1If one

considers recording and distributing such lectures.,
Séribb]ephone lectures can be recorded on ordinary. audio
cassette and played back through an ordinary tape recorder to a
recelving terminal, CohveﬁtlonaT video recording »techhélbgy,
however, relies on elaboraté electromechanical synchronizatién
which holds 1ittle promise for fufther_‘price drops, It is
fnterésting that BelT Labs has déVeToped,a b?ackboard~éized
”schbb]ephoné” transm{tfing terminal which is"belng‘iused for

internal seminars,
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Scribblephone. has - unique requirements, The display need
not Be dyhamica]]y alterable; an acceptable minimum capability
tkéats the disp]ay as a pad Qf paper which gradual]y fills wfth
figﬁres or dood]es ahﬁ must occasibna]]y be cleaned off,
Tranﬁmissién He]ay is ‘nof a cfitica1 parameter uﬁless the
Mphointing" function (voice and stylus sychronization) is
Included, Fina]]y, bandwidth compression Is requiréd to reduce
the bit rate of the digitized coordinate stream to telephone

{ine capacity or lower,

Eléctromechanicé] contrfvances for transmitting sfy]us
: mbtion in analog form have been avallable for many vyears and
purely meéhanica] arrahgements date back at-leasf_a century, to
fhé teiautbgraph; More repent]y, réséaréh into‘fhe 4e1ectronic
ahd' mathematical design of»a digital.scribb]ephone haé taken
place at Be]]-Northern Research and (separate]y). at Carieton

Unlversity°

Bell Northern Researcﬁ has developed a prototype
scribblephone which has considerable potential because of its
use of LS] 5éMiconductor technp]ogy. An ordinary video monitor
1s refreshed from an array of RAMs which contains a blt map of
the screen Image, The user "draws" on the brightened screen
with avjfght pen (a light sensitive stylus) which causes a
microprocessor to. éet the bit 1n. RAM memory cqrrespondihg td
the light pen position. The effect is that dots underAthe pen
are darkened, An enhancement wuses the microprocessor to
connéct these with strafght lines, The _processing‘ of the
graphlcs component for tkénsmiésion is less sophisticated; the

coding Is both inefficient and informatlon lossy,: so that a
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separate 1200 baud telephone line is required for the graphlics

portion of the conversation.

The emphasis at Cérleton University hés been on the
coordfnate coding algorithms rather fhan on hardware
development, It is the be]ief-of the author (who has directed
this éffdrt). that scribblephone will fail to .gain wide
acceptance until it is as portable as the current briefcase
ferminals° | This requires that voice and graphics share a
éinéﬁe teléphone line, which |Implies substantial bandwidth
reductfon In the graphics component...Some of the findings from

this research are discussed in Chapter 6.,

It is difficuit to assess the potential of Scribblephone,
Certainly the cost of the stylus and display must drop hy an
order of magnitude before suéh devices become economic, There
is also a problem in Introducing the product -- one would not
.buy a terminal unless he were assured that enough others
existed to' form a user group .Of some critical mass,
Nevertheless the prospect of conducting a graphic$~oriented
telephone conversation is intujtively appealing to most people,
I the technology and marketlng problems are resolved,
Scrfbb]ephone could become a major contrfbutor to remote

graphic communlcation,
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2.3 PROCESS MONITORING

‘The term process monitoring, as used in this report, will

have a special meaning, The state of a physical system or

procesé _ié continua]]y measured by a set of transducers, -Both
system énd-traﬁsducers may be geograbhically djspersed. The
measurements.may bé partially processed at the transdgcer slte,
ana are passed on.to a central proéessihg_site whereidisplay of
the sysfém state takes place, ft will be assumed that the

dlsplay is primarily graphical,

Several examples of process wmonitoring systems exist,
Ontario Hydro, at a central control office in Toronto, displays
the _current state of its powér distributfon grid, This
déSCrlptjon includes ‘such variables .as switch gear and
operating generators. The Trans Canada ‘Telephone System
maintains a sfmilar display of the curreﬁt state of Dataroute
at Its network control centre in Ottawa, Other cases of
process.mbnltoring readlly spring.tb mind, Senlor engineers~}n
Department of Public Works have discussed  runnling the
electrical, heating, and ventllatlon systems of a building as a
unit, with the state displaved by a schematic diagrém which is

altered according to measurements of temperature, humidity, alr

F]ow'rate and other quantities, A similar dlsb]ay could be

established In a large chemical plant, stee]'miII, automoblle
plant or other complex Industrial plant. Store~and-forward
communication systems and road traffic control systems coulc

use remote graphics for display of the current state of thelr

queues,
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Air tfafflc control is an example of process monlitoring,
Ministry of Transport can display, at a central site, enroute
f]ight‘ informatién' such és range, azimuth, altitude, flight
number, gathered from a number of geographically separated
mllltafy radar Iinstallations., The data 1is packaged and
transmitted over 50 Kbps leased lines to the central site ahd

"to other major sites for display.

It could be argued that process monitoring does not
Involve graphlc transmission, since the information consists of
parameters of the physical process which normally enter a data
base on which the disp]ay package feeds, Mevertheless,
according to the sfructured view of images in Chapter 1, the
parameters are simply modif!cations to subpicture attributes
and, in this situation,_are all that needs to be transmitfed.
If the main purpose of communicating those parameters is

displayp then it is genuinely graphic transmission,
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2,4 TECHNICAL AND- MANAGERIAL APPLICATIONMS

Technical and managerial applicatlons of computer graphics

‘have always been the most heavily supported and most active

areas, - Typlcally, 'hlghly competent individuals use computer

generated displays In the design of new products and systems,

in research, and In the making of management decisions, The

graphic component.of the éomputer outpuf may be a~_convenienf
aid .to rapid assimilation of presented ddata, or it-méy be
>fﬁtrinsic to the application itse!f; such as the prob]em of
geographlc. iocatlon of  data concentfators'in a network, An
indfcétion of the utflity of graphics in thésé areas 1Is given
by the-fd]!éwlng list of examp]és; It Is by no means complete,
but dbes serve to fndiéaté some general features which will be

diécussed at the end of this sectién.

»As an ald to research and development, graphics has bheen
used for: specification and visualization of coﬁplex tﬁree
dimensional  surfaces in’ ccnsumer product packaging , and in
automobile and .aircraft design; display of deformétion of
stfuqtures in civil engineering and the alrcraft induStry}

textile design; interactive design_of filters by presentation

of root locus and MNyquist diagrams; development of'control

algorithms for multilegged ' vehicles; and: fbf "automatédf

cartography, Graphics may also be uséd to guide the operation
and display the results of network optimization programs In the
design of communication and .transportatlon systems, and to
disptay the results of preprogrammed numerical routines such as

‘the Statistical Package for the Social Sclences,
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Graphics has*'been Jess widéfy accepted at the maqagérlal
level; but there are indications that its use |is growfng.
Planning models based on graph theory (such as PERT and CPM)
are now common. ‘ln peerrhing thesé célculations one can edit
the strUctﬁre and parémefers.of\the-netWork in aécordance wlth
revised estimates as the project progressés, Graph{ca1 output
a]lbws ‘dléplay. of the network ftse]f, the critical path, phe
é]aék view, thé Gantt chart, etc,. Basic software packages for
graphic disp]ay of network calculations are already ava}]ahle,
and the American bepartment of Defense has assessed a remote

. graphics system dedicated to these functions [2,67.

A less well explored area, but also one of interest to
»those In management, Is display for Information systems [2,7],
Large déta hases, such as social, demographic and geographic
paCkégés are difficult to access and to-interpret, particharly
Qﬁen ‘inpuf and outpuf are alphanuheric; A cafefu]ly taffofeﬁ
graphic'ffont'end to ﬁhesé would give the hanagerial user
cﬁﬁvénient access to'the system and understandab]e-disbiay of
t'heldata° Pie graphs, bar graphs, hfstég?ams, phase plots and
ather common means of communicating numerlcal data would be

‘
prepared instantly on request from the user,
From the above discussion, some zgeneral ‘Features emerge,
The examples glven all provide hooks Into some computational or
data base package, Whe ther the paékage is canned or Is written
by the user Is of little Importance to the functions performed,
which are primarlily those of réndering large amounts of

numerical data down to a visually comprehensible format,
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The technical requireménts of the remote graphlcs terminal
can also be delineated, but'with'less confidence, First, the
large application program or data bése will reside in the host
computer, This should 1imit the duties of the terminal fo
formatting of data and to display maintenance, DIsplays may be
Qery detailed but need not be dynamically alterable, factors
which suggest use of a storage type display, Finally, the
pattern of communication 1is overwhelmingly one . sided, with
great quantities of data streaming from ‘the host to the
terminal with only occasional queries in the reverse directjon,
This suggests that, where possib]e, some form of bandwidth

compression be used to avold excessive communication delay,
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2.5 GRAPHIC NETWORKS

A graphic network, as used here,_wiTl mean a set oF.two or
more éeria!ly intefconnected computational centers which have
roughly equivalent lprocessing hower, though in general
different functions, BQ now the cohcebt of a resource sharing
computafional network is falrly well understood, though it s
usual}y iimited to"two abtiQe nodes connected through a
communication subnetwork, Diétributed processing can he
usefu], for exaﬁp]e, if several processing centers have.evolved
_sebarafeiy, or fdr Vothér reasons must ‘be. geographically
'separated. Since virtual mEmory‘or-unlimited disk spéée may
not be available, interconnection of the centers could allow
.]afge ‘brograms and large data baseé td be partitioﬁed anong
theﬁ in order}té achieve shéring of fesources; A Speciflca]}y
gréphlé .netWOrk is a new concept, however, and needs a great

deal of exploration before {t-can:be evaluated,

At one 'leyel, a. graphics netwdrk. could be simply d
boinfffo~pbint cbﬁnection made through an eXisting.network in
6rder th accesé specialized hardWare (e,z, a ‘microfi1m
p]offer) or software (e.g, a CPM éna]ysis packagel), This
approach was adopted In ﬁhe ARPA network by Newman and._Thomas
[2.83,_ who deve]opéd a graphics -message protocol-<és a

superstructure to the packet switching protocol._

Another level of graphic network Iinvolves two' or more
Scr}bb]ephone nodes In a symmetric arrangement, One can easily
visualize the graphic equivalent of a conference call and,

perhaps less easlly, Imagine extended functlons of such a node,
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One such extension is the "common graphic work space," bein

e}

déveloped by’éown and Sawchuk I?,Qj. The participants at each
néde will be able to exchange graphic data, including sketches,
és well as to access data baée, numerical and graphical
packages locally of remotely. The graphic conversation will be

backed up by the full power of a computing system,

What sevices should be provided? An obvious possibfllty
Is a local package to aid sketching (horizontal and vertical
Tines, for example) or to allow quick computations (e,g.an APL
Iﬁterpreter). Another is a simple graphic data base analysis
packagé, which - Would answe queries  such as the numbher of
instances of some subpicture3 (e.g. a NAND gate), Other

services are less clear, but will no doubt evolve as experience

is gained with this unique facility.



2-15

2.6 _ENTERTAINMENT

The home entertalnment market hés seen a new entry in the
last two years. == the video gamé; Typical of these are ping
pons, hockey, and'handball; the players use pbtentiométers to
coﬁtko] the position of Slmp1e shapes on the screen of thelr
home‘televislon set which Is disconnected from the _cab!e or
antenna. |t fs é substantia] mérket. With units priced‘in the
appfokimafe raﬁge $50 to $150, and expected sales in: 1977 of

over 500,000 units [2.10j, the market is at least $25 million,

-The video . game 1is not simply an Innocuous pie;e.of
éadget}y; it has rather extensive implications, I!ost importaht
.is _thé fact that attlitudes toward the television screen are’
bélng Irreversibly alte?ed. -Né longer are viewers passively
acceptfng or selecting material bresented to them ‘by~the
netwbrks;- With the gahé, the scfeen reacts to the viewer, as
Qell as the viewer tonthe screen, A cohcféusness of néQ rolés

for the television set»has been awakened,

What 1ies ahead? More elaborate gaﬁes are one obvious

poss(blllty. But non~trivial games such as chess,.backgammon,
of "war games requlre at least mini or midi - computer
Infel]lgence. Educational units are another:.possfblllty,

provlding:practice at numbers, letters, eye-hand coordination,
etc, Butl again, limifed device Intelligence means 1imited
utillty, "The real extension of the game may well be the
addition of an acoustic coupjér. If- the home device is a

simple graphics termlnal hooked to a large timeshafed computer




doing it (everyone),

2-16
through the local telephone network, the utility of a single

device is increased by orders of magnitude,

If the home computer graphics terminal sounds far-fetched,

consider the following. A video graphics terminal can be

assembled for $1000 - [2,11], with mass production, falling |

semiconductor prices, and some slmplification, the price could

be only a few hundred dollars, less than many of the colour

television sets and stereo systems purchased routinely in the

home electronics market, As for the computer, the esoterica

associated with job.control languages can easily be hidden from
fhe.home user ==~ iogging .on énd off, for examplé, éan' he
bérformed aﬁtoma%ica]]y by 'hfs términaT. - Well designed
so%twafe'backages can suppiy end]esé‘vafieties of game: . space
waF, béckgammon} Vb]ackjack;.etc; That Is only the beginning,
Educational packagés with reé] interactlive power; information
seérches; house or boat design, even novels and message dJdrops
- edeétronic mai] - areAall waiting to enter the home through

the same devite, the video graphics terminal,

_There s a .good deal of I|rony in the situation, For
years, these futuristic services have been expected from the
cable televislion companies, But while the Canadian Cable
Te1evision‘A550ciation and CRTC have heen wrangling over the
deve]opment. of the Facility; technology has performed an ehd
run arpund them, The services foreseen by the aufhor involve

no major - changes to existing methods of remote computing

through the telephone network.- A1l that will change 1is the

amount of this activity (potentially véfy large) and the people
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What of the telephone companies? The home graphics
terminal bresents a real danger, Their facillities have been
desligned on the basis of én average phone call lasting about 5
or 10 minutes, Calls to computers are quite different,
Characterized by long holding times of half an hodr or wmore,
Some._apprehenslén- about fhis was voiced in the 60s and early
70s, but the level of data traffic was so low that the effects
were not significant, Suddenly we now face a possibllity of a
very ]argé number of data calls, WI11 the telephone plaht he
adequate to meet the demand? Even Wbrse, from the point of
vlew»of the companies, there will be no extra revenue for them
(apart from a temporary Increase in familles requesting a

sedond phone 1ine) since all the calls wi1i be local,

There are clearly a number of unsettling issues raised by

the simple video game,
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5, REMOTE DISPLAY TECHNIQUES

This chapter |s included as preparation for the following:

chapters, The basic functionaf components of a graphics system
are introduced here, and. are described with an eye to the
communication boﬁndary which separates them, As  the
intelligence of a graphic terminal Is ‘increased, it will
acquire mére of the functions and the boundary will shift,

Three natural stopping points .in this evolution are desqribed.




3-2

5,1 GENERAL SYSTEMlCHARACTERISTICS

Graphics in the 50s and 60s developed rapidly, ‘The
natura]. consequence was a _multiplicity of techniques and
speciaf “hardware, many of 'these known by several dif%erent
némes. ;fhese diverse apprOachéé were formalized in 1972 by
Newman and Sproull [3.17. .This book established a common
vocabuiary and description, and remains the key text .for
workers In the area, A slightly modified formulation was
" presented agaln lﬁ 1974 [3.23 and this discussion Is adapted and

extended from that work.,

Figure 3;1 shqws the vérious fuﬁctiona]ly defined modules
éf a general purpoée graphiés system, In any pafticu1ar
imp]ementation, of course, some of-.tﬁése modules may be
coéiéscéd or absent entirely, Of those present, some may be
located at the host and others at the termina];.further, many
may be fmplemented in eithér hardware or software, though this

ls.immaterial to the present discussion.

Before the. description of each module, ]et.us consider
what the overall system can do, At the wuser's request the
results of computation, measurement, or data retrieval can'Be
displayed 1in some fofm. on the screen, A ‘structure of
subpicfures (Chapter 1) is méintained, sb.that entities can be
added, altered, or deleted without affecting the entire
display. The wuser can dfrect the flow of comquation‘and the
genefation of data stfuctqres by the conventional teieprinter
or by spectlal purpose graphic input devices, Examplgs of_these

include the 1ight pen to select entities from the -screen, and
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the istylus and digitizing tablet to sketch a picture, Other
than the extensive use of geometry and the speclalized Input
devices( there 1{is 1little to distinguish graphics from other

forms of computation,

To begin the d{scussion of Figure 3,1, note that there are
slgnfficant non-grapﬁic components shown, The general purpose
data base and non-graphic procédures are included~ for
comp]eféness. Typical of these are census or geologfcal.data

or a maxflow analysis package,

-Thé.épp]icétion program is written by or for the user and
harneéses the services of the comﬁutationa] and graphics
facilities, |t acts on user.input and performs most of the
pfcture definition cdmputatlons.- Mormally wrftten in some high
level language, it is provided with hooks into the graphlcs

facility by the gréphics package,

The first significant data structure after those internal

to the application program s the structured  picture
deflnltion, This " is a representation of the image which is
displayed, 1in whole or In -part, on the screen, It is

structured to allow separate subplictures with dIfferent
attributes, These subplé;ures are often defined In their own
.doordfnate system with Iréal humbers (e.g, in kilometers),
'They»may also be fundamentai]y different: in nature from the
screen Image |If solld- colour images. are‘ diSplayed. The
attributes can consist of a ﬁransformatlon matrlx to'bring thé
pictﬁre definition Into correﬁpondence ~Qith the viewpoint

coordinate system used for the screen, windowing information,
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and -colour, intensity, and textﬁre information, as weil as a
~name, Data flowing from the app]icatidn program to build a
-strucﬁured piciure definition is in a falrly f]exiBje format,
Whlch. provides an .bpportunity for data cbmpreséion, but
inélﬁdeé all qf every subpicture,  visible or not; sﬁ\it
invo}ves a large.éhount of .data, Ubdates are easy, slnce
posftton, oriehtation; colour, etc, Are attributes and the
whole subpicture need not be redefined, _ And even If a
subpicfure hust: be redefined, the rest‘ of tﬁe structured

picture definition may be left intact,

._The segmented display sfiie Is constructed from -~ the
structured _pictqre definition by the transformation; c]ipbing,
andAvlsibiiity routines, Thése convert the subpicture.ﬁroh its
original coordinate system ‘Into that of the screen by scé1ing,
rotation and translation, then modify - the subpicture if it
falls - partially or totally outside the screen (or viewport
within the screen) boﬁndafies. Mext the Various subpicturés‘of
a three=dimensiona] scene may be compared _to determine if
portions of one are obscured by another one closer fo thé
viewer, The vresulting segmented display fille Is usually a
lfnear string of two-dimensional displa? primitives, expréssed
in integers, with a subpicture structure, The attributes are
rather heagre éomparediwith those of the 'structured picture
-defihition, usually‘ Aconsisting only of. those which the
avallable hardware can interpret, such ‘as néme,
intensity/colour, texture, light pen sensitivity or. Bl[nk
“enable, Changes to thése attributes and the deletion of

vsubpictures can bhe done with minimal data flow, Modifications
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to, for example, position or orjentation 'afe not generally
possible at this level since the data structure is
two~dimenstional and clipped, so these require redefinitiqn' of
some or all of the subpictures, Addition or redefinitiqn of
subpictufes takesvmore data, of course, but sfl]l does not
require rebuilding the entire display flle, Building the
ségmented display file after the cfipping and visibi]ity
réutines normally involves a lower communication load than.does
buflding the structured picture definition, because of the
potehtia] elimination of large parts of the scene which are

hidden or off screen.

Although the segmented displéy File is often Interpreted
direcf]y hy a hardwéfa display processing unlt to dere the
' séreen; especially In the case of vector-type displays, recenf
fechnb]ogica] changes make ft worth considering an extra.stage
of meméfy, Display ﬁemory-IS the raw Image 1in unstructured
féfmét (Chabter 1) and.consists of semiconductor random access

memdry° A Very high daté flow is inv61ved in bu}lding this,
.since the device which interprets the primitives of the display

file outputs é.]ot of dots!

Finally, the display  driver converts the bit pafterns
given . to it from the display memory or from the display file
interpfeter (If there is no display ﬁemory) to voltages driving
the beam position and iﬁtensityq For devices which incorporate
their own memory (e.g. the storage tube), thls process need be

done only once,
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The missing element .in the picture is the user who views
the Image, then provides the app]icafion program with input
from any of a “number of devices, some familiar and others
unique to graphics, These signals are'formatted apbropriately
by the input routines to close the loop, The information rate
of these devices is a trickle compared with the flow "in the

forward direction,
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3.2, THREE L.EVELS. OF INTELLLGENCE

. The previous section described the functional organization
of a graphics sysem,  Since this ~report is concerned with
remote gréphics, the host and the display are assumed to be
gédgraphlca]]y separated, There is a communication boundary
separatingA the fwo, across which information flows
Bit-sérlally; -Sejéction of the communicatfon boundary -- the
location of thé various procedures and data structures -- Is

governed by two main factors,

"The first factor 1is the Improvement due to parallel
processing, Smart terminals are often described as off-]oéding
functions from the host, This is really a way. of achleving
speed with dual processing, As the‘cbmmuniéatiqn boundary is
puéhed fér back toward or into the application program, the
performance actual]y begins to degrade, The te}mina] -- how an

Intelligent satellite =~ does the bulk of the work, and some

'duéi ~processing gains become lost, Some of the terminal's

dutles éhou]d he off-loaded back onto the host, Aespecfa]ly

since computation: is 1llkely to be cheaper on a large

“time-shared machine anyway.

The other factor affecting the choicé of boundary 1is . the

~nature and extent of data flow écross it, Points of hizh data

flow are ciearly unsuitable because of the communication cost

~and delay, which would offset any gains In speed due to

parallel processing. Points where data is in a rigid format
are also s]ight]y suspect because of the limited scdpg_fpr-data

compression tricks. An example Is the input to the segmented
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display  flle, which conslsts of a 1list of hardware

ihterpretable display primitives,

In recent literature there have been several attempts at
standardizing display commands [3.4=3.5], This virtualization
of dlsplay devices Is intended to allow graphics software to
become relatively device independent. A standard set of
primitives, for example, is an excellent ldea, Hfghek levels
oF'v!rtualfzatfon have been described “-- with a standard set of
‘segmented display file manipulation commands, Norpak Inc, has’
in fact produced an Intelllgent éraphfcs terminal which
interprets a set of;such commands called GTls I}.Sj. ln the
11ght of the above discussion one can see virtualization as
formalization of the communication boundary location as Qe11 as

the formats to be used.

Here we examine three representative bartitions of
intelligence between host and sétellite.- No claim is ﬁade that
the three levels are definitive, Many variations are possible,
but the three to be discussed areAnatural' stopping fpoints in

the evolution of the remote graphics terminal,

3,2,1 The Remote Plotter

This configuratfon, shown In Figure 3,4, allots very
little intelllgence to the terminal, which acts essentially as
a remote plotter by interpreting .primltfves( It 1Is not
required to treat any part of the display aé a separété]y
distlngulshab1e entit?. For this reason, the disﬁlay file,

display processor, and display shown separately in Figure 3,1
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are often combined. into a cingle cclt. Examples ake_the
Tckﬁrchix u010¥u015 series of storage tube displays, thc' Data
‘Disc. refreshed vfdeo‘ diéplays,. and the Norpak .RG~h000
semiconductor}réfreshed video display (and, of course, the x-y

plotter itself, which Is adequate for 'some purposes),

The unstructured 'disp1ay docs not Tmply restrfcfion to'
ifne dfawings of.iow compléxity; indeed multico]ourcd, shaded,
three dimensional scencs are'a]1o&able if the display.hardware

.gucports> this; The .visibilicy, clipping ahd .shading
a]go}ithms, however, wocld have to be performed on the host

machine, since they debend on a structured scene description,

- The communication load imposed by this configuration »is
very higﬁ,_'F]owing from host to terminal Forwa vector display
is a striﬁg of cocrdinate pairs of from ‘16 to 26 h(ts each
(depending on the display device), and images of 1000- 10000
vcctors are not uncommon, .The resulting delay prec1udcs
effectlve graphic iInteraction In the usual sense, as anyone who
has tried 300 baud (or even 2400 baud) graphics wilt confirm,
User ‘input 1Is therefore limited to characters, such as a
»;reQUest for another plot, and positional information, such as
crosshalr 1Qcaf10n. A very acymmetric data flow 1is
characteristic of this mode of. opefatioh.' The significant
exception to the above comments vregarding Interaction and
asymmetry Is_ the scribblephone, Users exchange 1ow rate
streams of coordlnate pairé generated by stylus and_tcb1ét or
lfghf peh and~rasfef=mode screen, The displays at the twc.ends
are ldéntlcd] and are unétructured, even though both users have

contributed vectors.
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3.2.2-The'Disolay File Processor

This level of femote intelligence requires the terminal to
construct and interpret segmented display files, The fl1es are
organized as a collection of individué]1y defined entities each
with its own attributes suchv as. name, intensity/qo}oﬁr,
texture, on/off.sfétus; lighf pen senéit!vity» and..position°
‘"nght buttoné" in a menu or 1ogf¢ symbols in a circuit diagram
are-.Eoth éxamp]esv of such entities. Some systems. allow
subénfitjes Whichvinherit the-attributes of thg"parent entity,
except for addftiqnal naming information; Anothef useful
feature allows an entify to be defined once, but used several
times (with diffefent attributes) as a '"graphic subroutine"

(Chapter 1),

The  attributes and coordinate or characte} Information of
each entity are normally interpreted by a épecial purpose
display processor to regenerate the display, This may have fo
be done several times per éecond in the case of a kefreshed
CRT.V Conversely, for a sforage display, it need be performed
only once after éach modification of the display file, - This
latter  case has the disadvantages of low speed and awkward
1ight peﬁ interaction, but the advantage that responsibilities
of the display processor can largely Bé assumed by a general

purpose processor at the terminal,

The duties of the terminal's pfocéssor are reasonably well
defined, In addition to communication ‘processing, It must
respond to commands received from the host computer to add or’

de]eté entities in the display file or change thelr attributes,
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where the entlt!e§ ~are. referenced: by name, It must also
intercept 'raw Interrupts from qSer devices and package these
appropriately for a return message to the host computer,. which
‘can deal witﬁ them asynchronously, A light pen strike or
s£y1u5'interrupt, for éxahple, could result in the transmission
éf the X y . coordinates -ér simply the name of the graphic
entity, where thel términal's processor performs. any

calculations required to determine the name,’ Yet another

processor function is memory management; the display file can

be arranged as a linked 1ist of fixed size blocks to avoid

memory fragmentation when entities are deleted,

It Is evident that the communication load is much reduced

from the <case considered earlier, the remote plotter.
Defiﬁition of the graphic entities stj]] requfrps transmfssion
-éf‘ a string of coordinates from the host to the terminé1, but
after this phase minor modifications to the display can be
.pefforméd with short commands, and the display fs regenerated
1océl1y, This has two effects: the communication cost s
reduced and the response time 1is reduced, It should be
remembered héweVer, that this performance Ihprovément is hought

with increased terminal complexity and expense,

A  terminal with this level of intelligence is appropriate

for most of today's interactive graphiés work, and ~ in

particular to the remote educational _terminal, with Its

requlrement of low response time to simple user demands,
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34¢2,3 The Programméble Terminal.

As  the intel]igenée of the terminal s Increased still"-
fufthér, we reach thehleve] of alsfructqred picture processor,
Thé termfna! now lncofporates‘the stfuetured picture defihition‘
bf Figure 3,1 and the transformation, clipping, and viéiblllty
procedures; To avoid “masslve memory réquiremants, the
Segmented display file ls‘éimply eliminated, and the plcture Is

drawn directly onto a remote plotter type of display,

The key e]ement fn the définitlon of the structured
picture pfocessof is the inclusion of the transformétion,
c]lppfng, and visibility procedures, which represent perhéps
thé greatest computétlona] load in the entire system, This méy
ndt be partlcular]y shart if theyv aré. to be performea In
éoftwafe, since the host would Qndoubted]y have a superior'
floating Vinnt processor, However special purpose termlinal
hardware for these routines would speed up the  process

enormously., One pays for these luxuries, of course,

As noted earllier, this is a convenlent point to locate the
communicatlon boundary, “since the flexibility of the data
format 1lends ftse]f-‘to data compression, .and since. many:“
modifications to the\display can be made simply by changfng the

éttributes, now rather extensiVe,'of a subpicture,
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4 GRAPHIC TERMINAL HARDWARE

The. previous chapters . have ranged from general graphic
considerations, thrdugh application areas, to the fUncfiona1
organization of the graphiC‘férmlna]. To continue this trend
to fhe specific, the present chaptér concérns itself with the
hardwafe technology which upderlies the functional description,
Thlé discussion is importaht for two reasons, First, somé of
the display and memory devices can incorporate more than one
function, a fact which has a direct bearing on the cost versus
level of intelligence tradeoff, Second, the outlook In the
semiconductor area-haé been and will be changing rabidly as new
'techno]ogies ‘are introduced and Q]d'ones drop in price.. The
effecf will be felt primarily as an Increase in  local
intelligence and capacity, which will allow present-day

experimental techniques to be implemented routinely,
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h,1 COMMUNICAT!ON HARDWARE

The cohmunicatidn functions of a terminal lie between the
signals wused on the communicationr_iine and the messages
preseﬁted to and generated by the-termina]'s processor, ‘Nithin
‘tﬁis_ range, two layers can usefully be_distinguished. The
first layer is the conversion befwéen channel waveforms and
“faw blts" (fhternal bité, accessible by the processor, hut
bdssibly:unfofmatted and po;sib]y in error'due to 1!né neise),
~The second 1layer 1is the conversion between raw- bits and
error-free messages acceptable by the local operating 'syétem,
if any; This second layer. is primarily concerned with
commUﬁication protocols, and is not commonly lmplementéd in

grabhic terminals at the date of this writing,

.bwlthin the first layer are one 6r more blocks, A.modem is
required if telephone line transmission, rather than a direct
basehand connection, is used, Low spced modems; often
incofporate IC.digita] phasé lock loops for detection, The
terminal' side of the modem employs a serial synchronous or
asynchronous stream of hits or characters [u,17. The second
block Is a UART (universal asynchronous receiver/transmitter)
or USART (4s0. Synchronoué/asynéhronous...). One of the early
triumphs of LS| techniques, this chip performs character sync,
serial=-parallel conversion, simple parity checking, and
presents status flags all for the present day price of about
$15 for the basic receiver/transmitter éhip. Ce?tain enhanced
Yersions (such as Digftala Eduipment Cdrporatlon's DL-11 and
DU-11) allow control of the ring and answer Functiohs of a data

set,
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Another -usefu] LS chip in the first layer, partfcu1érly
for ésynchronous communication, is the FIFO character “buffer,
“which provides a parallel in-parallel out queue, , Critical
processor. response times are eased by this automatic buffering,
fhé. second layer, as noted above, is much less a matter of
cohnectihg off-the-shelf items, However DEC has é]ready
brought - out a . synchronous line adaptor (hUP-ll) “which
incorpbrates the~UAﬁT functions as well as automatic sync
generation, bit stuffiné (as required 1In SDLC and HRLC bft
~oriented protocols) dand error cHecking (by means of a staﬁdard
CRC-16 polynomial). The three latter functions Qere formerly
implemented with software, so that it represents a significant
off—lbadlng of the processof. When other manufacturers bring
out their own versions the price will no doubt drop, There
seehs 1ittie reason why the .remaining functions»_bf most
protocols (primarily messagé sequencing and retkénsmission
control) could not be microprogrammed. .One can expect to be
éble soon to purchase hardware implementations of common HDLC
or X.25 communication protocols, DFEC has already annognced its
DMC-11 [k.2] to implemént'lts DDCMP line protocol, In éffect,
‘speéialized' muitlproéesslng would be employed within the

terminal itself,




4-4

4.2 MEMORY

The discussion of Chapter 3 showed thaf memory had three
Vmain functional roles in _the graphics terminal, Theée were
pfograh storage, data base storage and display file storage,
THis ﬁection will brovide a brief discussion of the relevant

techno]ogles with cost estimates where this is possible,

4b,2.1 Core

Core needs little discussion, It 1is versatile--sultable
for all three memory functions, It Is non-volatile, so that
power interruptions leave the contents unaltered,
Unfortunately, in comparison with certain semiconductor

~technologlesj it iIs élow (barely submicrosecond cycletime),
bulky, and expensive (about $2500 for a module of 16F¥=-16 hit

words, ),

ho2.2 Semiconductor RAMs and ROMs

Random access memory, in the form of LSI arrays _oF
bistable memory e]ements,'is a direct competitor of corc memory
for data base and display file storage, It is faster, more

compact, and will soon be cheaper than core memory, lts

drawbacks are volatility (information is lost on power failure).

and temperature sensitivity,

Price and avallability of RAMs are changing rapidly, but
the present plcture is about 0,5 cents/blit for 1K bft‘lstatic
RAMs and slightly 1less for the 4K bhit chip (availah]e as

dynamic RAM only), The 16K bit RAM is not yet on the market,
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butA predictions [ﬁ.3] suggest that upon its entry the price
will drop rapidly from the initial value of about 0,1

centj.s/bit°

Concerning use of RAMs for display file, two modes are
possible. In the first, a specialized display processor cycles

Athrqugh the file, interpreting commands and coordinate values

to. create the screen image (usually vectors, dots or
characters), In a sense the screen is randomly addressed,
since any coordinate pair can be addressed in any order, This

fs the mode wused for most dynamically alterable, interactive
displays, includfng'those using core memory, | In tHe other -
mpde, the display file contains a pixel-by=-pixel version of the
screen fmage which is read out lnvraster fashion to a video
monltor. Disp]ay file size and screen f1itker do not depend on
Image comp]exity; and surfaces can be displayed as -easily as
lines, It has the disadvantage thét it Is difficult to
implement selection of subimages, since most structure Has béen

destroved,

At current.prices, raster modé display memory for a 512 x
512 pixel, black-white image would be approxfmater $1250,
exclusive of decoding and addressing functions, Gray levels or
multiple coiour selection can be added incrementaf1y with more
bits/pike]. With a 16 Kbit RAM the above figure would he léss
than $250, Thié prediction has encouraged manufacturgrs,
notably RAMTEK, Hughes Ailrcraft, and Norpak (of Pakmﬂ@m
"Ontario), to market raster dfsplays'using éemiconductor memory,
BNR's prototype .Scribblephdné uses = the samé techniqueg. An

Interesting recent entry from Matrox Electronic Systems. of
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Montréal Is a 256x256 black/white display unit Intended to
bhuckle onto ah'lntel 8080 microprocessor, It .provides point

write/erase primitives and standard video output for $630,

RQMSI are also required in a termiha1, even of the remote
plotter variety, unless the user is willing to load the control
program .from péperA tape at each seséioh. (Danline loading
from the host s bossib]e, but still requfres. ROM-based
communicatién handlers). ROMs are somewhat less expensive per

bit than RAMs and are available in up to 16K bit chips,

b,2,3 Magnetic Bubble Memorles

Magnetlic bubble memories [h.U-4,57 are legs familiar than
-1 core or N;MOS RAMs, A simb]e repetitive pattern of perma]ioy
bars is deposited on a garnet epitaxial !ayer.» Under the
Influence of a magnetic field Fotéting in fhe plane of tﬁé
-éubstrate the ‘baslc ﬁemory elements ~="hubble" shéped
mégnetlzédA doméins—-- are induced to move from one bar to the
ﬁéxt}i MBMs therefore consist of recirculating shift regfsters,
with the presence or absence of a bubble as the two possibfe

memory states at each location,

Among the virtues of these devices are tHelr high capacity

1ow powér dissipation and simplicity of manufacture [ﬁ°5],

They are noanolatile, in contrast to the faster. charge COupTed

device mémokies,' Thé pr}ce is also right-- as of this writing

the first commercial MBM has- juét been announced by Texas
Instruments '[hosj as a 92 Kbit chip costing 40-50 millicents

.peer bit |
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Nlth~regard to thelr possible use In graphics termfna]s,
one should regard MBMs as small high~speed disk equivalents,
The announced average 'rotational latency" to access a hit is 4
msec, and the transfer rate is 50 Kbits/sec, Replicatfon on a
1 bit/chip basis would give 50 K words/sec, An Intriguing
possibility 1is sforage of the display file in bubhle memory in
a sequential format with no disp]ay juﬁps. Instead of the
dfsp1ay processor cyc]iﬁg through memory, the dispiay file
would be cycled past the dispTay processor, Véfy large display
files with a sequentially accessed structure would be

economlically feaslhle,

L,2.4 Charge Coupled Devices

CCD's are, like magnetic bubbles, a form of reCirculéting
shift register memory [4.,7-4,87)., They are, however, bhased on a
mechahism for transferring packets of charge from slot to slot
in the device and can therefore act as analog shift registers

as well,

CCD mémories In 16 Kbit chips are on the market, Combared
with bubble memories they are faster, with reduced latency
(about 4 msec average) and increased transfer rate (up to 2
Mbits/sec for the Intel 2416)=-but are vo]ati]e.. They are
somewhat mbre expensive than bubb]eé;' The Intel- 2L16 costs

$35, about 225 ml]]icénts per bit,

They -are sultable for slow scratch memory or.very high
speed dislk equlva1ent; Their principal application wil

probably be as raster mode screen memory, since they are fast
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and sequentially organized, There are difficulties in .writing
vectofs into a strictly sequential memory, but they:have‘heen
solved in other areas such as disk~kefreshed graphics., In . the
gréphlcs .contéxt,v CCP's may prove useful as storage for

séquentia] display files as described for magnetic bubbles,

~One fascinating possibillity in the use of CCD‘s for
graphics relates more to processing than to storage, Discrete "
time analog finite impulse Feéponse filters can be cbnstructed
ih wﬁich - the tap welights are.proéessor.settaﬁle [h.9j. The
obvious abplication is analog two dimensional transformations
of‘ vectors before they .are drawn on’ thé CRT, This
"Instanténeous" transform would off-load a very large chore

from the processor,

4,2.5 Disk Memory

In disk . refreshed displays, a standard video mohitor is .
driven by.a specialized video ~disk ‘on 'which is stored the
1screen image in raster format, ‘Current models are bhit
addressable for write and erase functions and are’ éompatibie
wfth standard video studio, recording and broadcast technidues,_
‘The main viftue is the cost sharing_ provided by multiwtrack'
multi~head. 'disks=~ up to 80 independent channels areiaVailab1e
on the Data Disc 5400 series, The princlpal disadvantage In
-the context of remote graphics_ts that the disc fsjnbrma]fy
cosituated with the host comhuter and distribution of the

signal 1is by expensive‘hrcadband‘vldeo facilities,




b3 DISPLAY DEVICES

The display itself is likely to prove the limiting factor
in the general downwérd trend in prices for most graphic
te*frﬁlnalso The semiconductor components of the terminal take
advantage of LS! technology, bﬁt the dep1ay is a precision
piece of glass/metal manufécturlng and (usually) analog
electronfcs.. Until a semiconductor display element is capable
of being rep]icated in large qﬁantities (512x512 or 102L4x1024)
to form a flicker frée display, graphic terminals will be

limited by the display.

The one exéeption to the situation is the appearance of
terminals with memory sufficient to drive a standard - 525-11ne

" video monitor, as dlscussed below,

h,3,1 Refreshed CRT (Vector and Raster)

The refreshed cathode ray tube uses a screen phosphor with
a decay constant on the order of 50 mséc. The e]ectroﬁ beam
must continually retrace  the image if It is not to disappear
(and retrace faster than about 30 timeé/sec if it s ﬁot to
flicker), It is therefore sultable for dynamic graphlcs in
which the Image, or portions of it, must be a]tered‘rapidly in
response to user inputs br computed changes, Two modes_ére

commonly usedl vector mode and raster mode,

Vector (cursive) mode allows the intensity and x and vy
deflection signals to be varied in arbitrary patterns so that
the beam traces straight 1lines, dots or characters on the

screen, In the case of the. Hughes Conographic diSplay
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processor, specIaTVanalog circuitry allows conlc section arcs

to be genekated. The basic defiection signals can be produced

by analog integrators or digital counters operating digital to
analog converters, but the drive clrcuitry is analog, which
accounts for the. ]inearity, offset and overshoot problems

‘assoclated with vector mode CRTs,

F;gm. fhe basic sffokes, cbmp]ex line arawings with
hierarchical trée or latfice structures can be aisp1ayed° The
structuring of the image allows easy ’se1ectloﬁ of screen
entities by light pen, . ‘and dynamic modification of ‘their

attributes,

Raster que of course, refers to the te]eyfsion type of

1

display in whichAthé beam sweeps the CRT in a predetermined

line-by=line fashion. The two commonly available resolutions
are the 525-1ine North American television industry .staﬁdard
and - a high resolution 1029 variant, (In Europe, 1229 lines is

standard resolution,)

Tﬁe simp]icity‘of this format is onght at thé expeﬁée .of
large scfeen memofies and the lack ofistructure‘in the fmage,
The latter leads to difficulties in implementing the "pick” . or
entity selection Fﬁnction, although a partial solution has been

implemented in Norpak's RGS series,

Despite these problems , the ubiquity and simplicity of

“the .standard video monitor, coupled with the falling cost of

semiconductor RAMs for screen memory make this an Jncreasiné?y
attractive configuratfon for the inexpensive graphics terminal

of the future,

4
o




. 4—1i

E 3 e : be

The storage tube is a cathode ray tube ih thé'sense that x
and y deflection signals drag a beam and the corresponding
strokés apbear on a phdsphor-coated screen, -The beam, however,
writes onto a 'dleTeﬁtric-coated grid imﬁedlateTy behind the
screen'which retains thé:charge transferred to it by the beam,
A separately generated low énergy "flood" of electrons
I11Qm1nétes the grid and is repelled by the negativé]y. charged
reéions. Atthe]xmithkly charged areas the flood electrons
pass through the holes in the grid and strike the screen to

produce the visible pattern of lines,

The main advantage of the storage tube is fhat\a sebarate
diép]éy memory is not required, since written Images persist
for hours, This factor results in- a very»simplé'graphics
terminal, such.as the Tektronix 4010 series, which consists
basically of_UART, command»interpretation and vector generation

hardware, and a storage tube,

On the other hand, the storage tube - has.' Timited
application outside of the remote plotter role, Not only has
the original picture structuré Beén destroyed, but there is nd
selective erase feature, Modifications to the image requlire
that the whole image be redrawn with correéponding. long
communication delays, Recenf work [y,10—u,11] has used lacal
processing and storage to maintain a local data baée,:.from

which the image .Is regenerated after changes, The delay is
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much smaller, but is stil] noticeable,

h,3.3 The Plasma Panel

The plasma panel is the newest entry in the field of
display devlices, It was -developed at the University of
I111inols and ‘is now marketed by Owens-l11linois, -Basicaliy It
consists_ of two closely=-spaced glass plates with the
intervening space evacuated and back-filled with neon, - The
. p1ate§ -eéch have a closely spaced. linear grid of parailel
;]ectrbdes, wlth one grid ﬁorizbntal and the .other vértlcal}
and .aﬁ‘ AC vo]tage is applied between the twb gridé. If the
vo]tége at the intersection of an x wire énd a y.wire Is raised
momeﬁtarily, thé gas breaks down and discharges, creating a
giowlﬁg orange point, .As usual with gas discharges, it is a
'bistéb]e phenomenon and requires a momentary lowering of the

voltage to extinguish the glow,

The result Is a diéplay which, like the ‘stbrage‘ tube,
forms ité own ‘Intrinslic sc}éen'memory.but is point or rectangfé
_addressab]e for wrlté and érase;. The selective erase featuré
glives .it potential for dynamic displays, although theré are
minor problems, Because it is transparent it 1is readlly
superlmposed over background detail, such as husiness forms or

photographic slides,:

At the moment the manufacturer has provided supporting
logic for the alphanumeric set, but not for vectors.‘ The
controllling device must therefore perform a series of single

dot writes, Although the write itself takes only 2 usec, the
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arithmetic cdmputations'associated with line drawing are very
slow :when performed .in software, particularly. by a cheap

microprocessor,

'The plasma panel Is used In the PLATO CAl system, and a
plasma  panel based educational terminal has been developed by
the Natlonal Research Council. [4,127,  Small alphanumeric

-plasma displays are used in business termlnals.

Perhaps the most excffing recent deveiopment"fsf the
annéuncémeht by Bell Labs [4,187 of: a simple methéd for
defectlng the position of a light pen over a plasma panél. It
is claimed that the addltional hardwaré required is negligible,
tf this 1Is the case, then the future of the plasmé panel in

Interactive graphlics is assured,

At the moment, the price (about $3500) limits the spread
of plasma panels In the display industry., Although there is no
indication of a future dropvih price, perhaps the addition of
11ght pen interaction and hardware vector capabllity wlll make

this device more attractive,
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b b USER INPUT DEVICES

User input devices provide the interaction in Interactive

graphics [h.lB], For the most part, they are a vrelatively

Inexpensive component of the graphics terminal but, since they

ére unlikely to benefit from forseeable technological changes,

they may ultimately act as the 1limiting féctor (after the -

display itself) on the expected price drop In simple terminals,
They have been included 1in the report for this reason, and
because they have attracted some very imaginative effort=-= they

are fun to build and use!

As noted 1in Chapter 3 the great variety of such devices
reduces to a very few functionai roles, It can also be shown
[u.lh] that fhese roles are logically equlvalent--for example,
light pen selection of letters from a displayedA alphabet s
logically equivalent to a keyboard--though jt does not follow
'that they are equally convenient, This report adobts the

fo]lowing. classification of functions: pick-a selection or

identification of a subentity on the screen; push button- a

(normé]lyO two .position .swltch in a constant location, the
activation of which has a predetermined (but possibly program
selectabje effect; valuator-- a device which returns a numeric
value to the processor; locator-- é valuator pair whose
fnterpretatjon is that of a coordinate pair; and keyboard=-= a
large array of pushbuttons, each assoclated WIth bne_'or two
alphanumerlic characterso ‘Two devices, the light pen and the
digitizing tablet, will be dlscussed separately and the rest

will be grouped under thelr functional -headings,
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' .The 1fght 'pen.is a photosehsftivé'device, usda1ly.in'the
'Shape of afstylu; wifh ah»aperture in the tip, which is capable.
of interrupting the central processor if it views a liéht putse
of sufficlent magnltude,‘ When it is directed at a portion of
the Image on a refreshed CRT, the momentary brightening as the
beam Is swept past the -aperture causes the :interrdpt, The
tlmihg of this interrdpt with respect to the‘display cycle
afiows the processor to determlﬁe Whieh’ part of the Iimage
étructure was struck, Often this task is facflitated by the
display processor returnlng the coordinates of the strike and

-the name of the subentlty se]ected

The light pen obviously implements the pick function, In
the case ot selection erm-a set. of menu Items 1t Is also
loglcally.equivaient to push buttohs, lThe.vaiuator Funetion is
obtainable .thrOUgh the coordinates returned when touehing
number lines, ehd.the locator function through the dragging.ef
ad tracking crdss [y.iSj about the screen, This latter
_constrdct is necessary if values froﬁidarkrareas of the screeh
are required Flnally, as noted above, the light pen -can -be

lochally equivalent to a keyboard,

The stylus Is andthér mdltifunctioh device; less versatile
than the llght pen, but better sulted to the locator function,
A pen-]ike stylus used in conJunctuon wuth a specaa] tablet
returns the digitized coordinates of its current 1ocat|on to
the processorc Although- its obvious applicatlon is to-allow
the user to input drawings, it can also be logically equivalent
to pushbuttons if certain sensitive areas‘of the-tab]et are

defined, A variety of physical principles has been employed in
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-these . devices, from capacitive or indUCtive / magnetostrlctive.
coup]lhg fd a grid of‘wires{ through acoustic fanglng of a
spark. pen, to resiétive and electrostatic detection, - None of

these 1s very cheap ($1500 to $3000 is the typical range),

Intéresting variants of the stylus and tah]ét e*ist. The
Lihco]n Wand is a "épark pen in a box" which return§ an x y z
cbordinate triple., The touch sensitive. screen, deve]oped at
the National Research Council of Canada, uses echo ranging of
surféce waves in glass to determine the position at- which the
.user touches 1t, Although the resolution Is limited, it is

very useful with children,

Returning to functional headings, the pushbuttons wusually
take the = form of regular pushbuttons (dull), - touchtone
telephone pads, or specialized arrays such as a telehrinter or

biano keyboard,

The valuator function is more interestfng. Potentlometers
and/or digital voltmeters (analog-to-digital converters) are
the- ugual devices, These‘.can be‘ ménipu]ated by knpbé and
tHumbwheels, or even by the human voice, galvénic skin fesponse

or electroencephalogram (eg, alpha wave detectors).,

ReaIizatioﬁs of = the Tlocator fuﬁction are also diversey
The.mouse is a handheld object rolled about on »any flat
surface, The trackball, operating» oﬁ a similar prTncibJe,
consists of a ba1i about the size of a.croquet ball wh{ch rolls
freely in a socket, _Thumbwhee] pairs are also common, The
terminal softWare-or hardware ﬁormal]y displays a"cursor or

crosshairs to indicate the current position of the locator.
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4,5 PROCESSING HARDWARE

‘The Jlast component of the gfaphiés terminal which will be
discussed is the most difficult one to assess, The processing
~hafdware, usually a mini-dr micro pkécessor but occasionally
randém logic, coordinates the actions of the other components,
Typicai duties are: the support bf communication protocol (if
ény; Ihterpretation of displéy pflﬁitiyes; _ Sifting and
fofmétting of Qser input; ‘and'updating the display file (if

any) in response to changes,

In the past two years it has been demonstratedathat, as an
add-on .to make a dumb terminal (such as the Tektronic BO10
series) smart, the small processor more than pays. its way, the
benefits == oprimarily improved response time and }educed
communiéatioh cost ~--  are reallzed in sevéral ways.,
Interpretation of dété base mbdifﬁcation commands from the hqst
cOMputér and local display file regeneratibn [ﬁ.le élear]y
proyides both benefits., Bandwidth compression of geographlcal
dafa has also béen used [4.117 for these purposes, A third
ekémplé, useful In educational terminals, is.syntactfc énd

semantic analysis of text strings in the user conversation as a

~method of encoding these for reduced communication load,

The obvious candidate for supplying processing power ié
the microprocessor [4.167, Its princlpal virtue is its cost --
typlcally under $200 for the processor plus peripheral
circuitry such as microcode ROM, bus and/or interupt
arbitrator, latches, .etc,, though the Eottom line processors

sold. by minicomputer manufacturers are more expensive, The
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principal draWback is lack of speed, Although the diversity of
architecture makes general speed comparisons difficult, an
ekémp]e of this 1limitation 1is Interesting, 1t was observed
[h.17} that in a local data base maintenance configuration with
a display 'héving iﬁterna] .vector _generation hardware, an
jncrease in 1ine speed from 300 baud to 2400 baud made 1little
difference  to the speed with which the dperator could usec the
términa]; it was Drocessorilimited. Software vector generation
(e,g, for the plasma panel) would be even slower, and sultable
only for a remote plotter application, = Even in this vrole,
though, the reduced commuhication load due to software

interpretation of vector primitives is significant,
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5. COMMUNICATLON REQUIREMENTS

Pkevious. chapters have discussed apblicatlons, techniques
and hardware of remote graphics, with iift]e consideration
glven to the pature of the traffic between the nodes, This
traffic and‘its interaction with the standard commUnicatign
services ére the subject of the present chapter, Of particular
interest is the sultabillity 6f the neW'publié packet swltched
networks . (Datapac, Infoswitch) for various types of remote

craphics,
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o1 COMMON CARRIER SERVICES

It s assumed In this report that remote graphics users
wlll not Install their own lines, but will subscribe to one of

the standard common carrier offerings. There are thercfore

three general - services to be considered: dialup, leased line

and packet switching, - Each of these should be assessed for
graphics work on the basis of error rate, delay and cost. This
is emphatically not an easy task because of the complex
interactions between distance, data rate, line quality, and

connect time: in- the cost Formula (although cost is a

non-decreasing function of all of these)., Even if one can make:

sense out of Bell rate schedulés, selection of one service
depends ' on application~specific data such as freduehcy of use,
data volunie and response time constraints, For these ' reasons,
and because the Datapac rate.schedu]e is not vet firm (as of
this writing), no numerlical comparisons will be made;} lnétead,
simplified models will be wused to Indlicate the domlinant
paraheters in remote graphics work, The fo]loWing symbols wf1l
be used in the models of this. sectioni

R: daté rate (bps) of user data terminal equipment

T : connect time of call (seconds)

D: distange between DTEs (host and terminal)

M: message length (bits)

U: fractional utilization of line

Cd: cost parameter of dialup lines ($/sec)

Clz cost parameter 6F leased 1ines ($/month)

T re avérage rate of generatlon.of messages (noQ%ec)

T: transport delay in packet network (sec)
Cp: cost parameter of packet switching (§/Kpkt)




-5;1;1'Dla1up'Lines

Dialup 1lines,  both 1locally and through the DDD network,
are the classlc form of circuit switching, in which a unique

copper path Is established between host and terminal,

Cost Is fairly simple to establish. Let T be the

connect time in seconds and D be the distance of the call,

Then:

COST = Cd(D) T per call
where the proportignality factory Qi incorporates dlstance
dependence, and equals the asymptotic long call rate, Local

calls, on the other hand, cost almost nothing (a small monthly

:  charge).

Delay is also easy, Let R be the data rate {n bits/sec
and M the average message length in bits,v Then the delay from
sending of the first bit to receipt of the last bit 1is

(fgnoring propagation delay) given‘by
DELAY = M/R seconds

Dialup 1ines are limited to Tow and medium dataArates, which
can mean long transmission delays, particulary since M s

usual]y large in graphics work,

Diaiup lines are capable of transmitting continuously at
rate R, yet during a typical sesslon they are used.

!ntermlttent]yu The utilization of the line is given by
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U= rM/(RT )
where r Is the rate of message generation and M is the average
message length.

Error performance is less easy to establish, For 1low

speed (150 bits/sec and less) asynchronous transmission, the

-Flemihg and Hutchinson 1969-70  Connection Survey 5,17

indicates an average character error rate of about 10 4, This
figure is of 1limited -interest, of course, because it is
difficult to Iimagline even 300 baud graphics except for highly
compressed Scribblephone, Medium speed (1260-&800 bps)
synchrbnous connections, reported In the Balkovic et al 1369-70
Connection Survey [5.21, have an average bit error rate of
about 10 -3, The hajor characteristics discovered. by both
surveys were that the majority of the errors wére contributed
by a few bad 1ines (most 1ines are much better) and that errors

were clustered inte bursts,

5.1.2 Leased Lines

Leased lines are permanent copper connections between host
and terminal, Special conditioning equalizes the spectrum to

give the subscriber a range of line qualities to choose from,

‘No dlalling is necessary to establish conneétion, but only one

connection is possible,

Cost of leased lines is a flat rate per month, the amount

erendlng on'dlstance and line quallty Q:
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COST = Cl(D,Q) per month

This figure 1is Independent of usage -- 1 hour per month costs
as much as 100 hours per month -- so it is preferable to lease

lines rather than dial up if traffic is heavy.

Delay, as for dialup lines, Is given by:
DELAY = M/R seconds

égain ignoring propagation delay. Because there are no
channelizing fifters and because of equalization, much higher
rates than‘ those of dialup lines aréuattaiﬁable. Vbice band
rates of‘u80b bps and’§600-bps.are‘common, and wideband 50 Kbps
is available for very high (concentrated)! tkaffic} The dé]ay

is correspondingly reduced,

Error rate is very low: - {-typicalbr10—STU)10—7)" because
noisy contacts and switching transients are eliminated and

because of equaljzation.

."LeaSéd lines aré'preferable to dialup lines if usagev is
over a few hours per day, or if dialup llnes cannot meét the
delay requirements (because of low speed) " or the error rate
requlrements (which are particularly stringent 1if data

compression Is employed),

S5.1.3 Packet Swltching
Publicly available packet switching will shortly bhe

offered by both TCTS and CMNCP as"DatapacAand'lnfoswitch,
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resbeCt‘V61Y. Although packet switching is well described in
books . [5.3-5,47 and technical papers, a very brief description
wlll be ngen here. Users or digital terminal-equipment (DTEs)
have a dedicated physical connection only as faf‘as‘é network
switch, or node (Figure 5.1). Nodes are ihterconnecfed by high
speed lines over which wuser-to-user meésages'are sent in a
time-interleaved fashion,. so -that these physical 1lines aré
shared, Messages originating at a DTE have a format simf]ar to
that of Figuress,2 and contain both addressing and  error
checking information, The messages éré individually errbr
protected by nodééto—node detection~retransmission »schemes SO
that recelived méssages ére virtually guéranteed to be‘corfect.
If.they are over a ceftain4fength (the maxfmum packet sfze),
the messages are segmented into packets; whlch are.the basis of
the time interleaving, error checking, and storage, The two
features =-- shared lines and known maximum packet sfze -~ are
the source of the economies introduced by thisi mode of

communication,

Packet switching provides an error-free, variable delay
virtual circult between DTEs. MNetwork facilities are required
only when the DTE is actually transmitting, so billlng can be

on the basis of traffic volume, not connect time,

Datapac [5.5-5.67 and Infoswitch [5.7-5,87 provide similar
virtual call services, dlfferihg substantially .only'In the
matter of call setup, For dumb terminéis, the _[hte]llgent

Termina] Interface (TCTS) éﬁd Infocall (CNCP) will perforﬁ thé
| packetizing and call management functions to prdylde simple

users wlth the cost savings Inherent In packet switching, More
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ihtelIlgent DTE's==typlcally ones handling high volume or a
number of simultaneous calls-- Implement network end-to~-end
protocols involving call setup and clearing, flow controls, and
the packetizing and sequencing. The TCTS version, standard
network access protocol (SNAP) and»CNCP's Infogram are similar

In this regard,

Cost, as described above, is a function only of traffic
volume and the DTF data rate, not of connect tlme or distance,
For  Datapac, monthly charges will be on the basis of

kilopackets , a normal packet being up to 256 bytes.
COST = C_ /2088 71000 per message.

since M Is in bits, Alternatively, an approximate basls . for

comparision with dallup lines Is
COST = rC, [‘M/zouz;] /1000 per second

Note that the <celling function r ],.(1east integer greater
than) means no economies are realized with short packets., This
is a significaht .departure from earlier announcements [5.5.]
that 32=-byte "accounting packets".would be the basic charge
unit. ~‘To date, the valuye of Cp has .not been_énnounged
officlally, nor has the very accounting structure  of
zlnfdswltch, It is claimed, though, that packet switching will

cost less per blt than circult switching except for high values

of diatup 1line utillzation U,
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PDelay 1is .also more complex 'in packet swftching, being
CQmposed of entrance and exit>dé1ay assoclated with ingerting
and extracting the message from .the hetwork,fang trénspmft
delay.ﬁithln the network, _Assuming the rate at which DTEs
communicate with the network to be the same at hoth ends of the

virtual 1ink, we have -
DELAY = 2MR + T

where T 15 thé transport delay. An obvious consequence is that
shoft' message: défay is dominated by T, whereas long message
déiay is govekhed primarily by the DTE dafa rate, Transport
.delay objectives for Datépac are quoted as 620 msec (90th
percentile) IB.Sj and for Infoswitch as 150 wmsec pef node
traversed [5.,7] (initial Infoswitch configuration 1Is four

nodes, fully connected).

Error rate is very low, which for some customers will he a
strong attractlion, Infoswitch clalms a bit error probability
of 10'1% Datapac makes no claim, but one can assume that the

érror rate will be simitar,
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5,2 GRAPHICS AND THE CARRIERS

This section examines the Interaction between remote
graphics requirements and the three common carrier services
described above., It will be seen that packet switching is, for

several reasons, the best cholce for most graphics work,

The chéractérlstlcs of graphic traffic‘ must -first Fe
exéhined. Perhaps the most striking féature is its.asymmetry;
‘except for Scribhlephone, graphics work involves transmission
and display of images generated by the host, with a very light

return traffic of user Interactions and Tnput.

£

Also cﬁaraétéristic oflgraphics is the bulk néture of
'forwafd channel traffic, Even Figure 5,3, a combariti?eiy
simple frame from a computer animated film, contains almost 500
vectors., FEven iIf they were all "short vectors" (Chapter §), it
would take 1000 bytes to describe the Frame,- It is not at all
uncommon  to generate pictures consisting of thousands of

vectors,

The third feature of graphic data is its high degree of
point-to-point correlation, Smooth curves usually require nany
closely spaced points for an adequate description-- even short

vector format is an extravagant method of transmission,

Hith these characteristicé in mind we' can.asse55 the
relative merits of the three services. The first conclusion is
that asynchronous. dialup.lines are out of the running because
of the data réte 1imit; the simple picture of Figure5,3 would

take between 30 and 60 seconds to transmit at 300 haud,
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dépending on the.shbrf vectbr/]ong vector mix.:>At 1200 bau- iﬁ
wéﬁ]d still »reqﬁire 7 to 15 secondé. .helay'of this maghitude
and-ékeater is unacceptable for_ interactive worki " The bn]y
sftuation in which dfa]up 1ines.w0u1d be acceptable 1s that of:
bandwidth compressed Scribblephone, since the .images “evolve

slowly,

The éomparlsons of - interast are therefore hetween
s&ﬁchronous dialup, leased lines and packet switching. If host
and 'ferminaf are separated by a  significant dfétance (as
between different Acities) fhen packet switchfng s mdre
edonomical, Nifhin a c]ty,‘the situation Is léss clear, ani

dlepends on the parameters Cp and Cl and on the traffic,

Génerally, however, packet switching meshes. beautifully
wfth'graphics requirements in almost every respect, Delay, for
'.example, is not as much of a prob}em'as it is in Veased 1ines,
since one can ohtain higher entrance and exit speecds relotively
cheaply, these being quite independent of the Internode trunk
speed, There are also several ways In which ﬁhc chargq by data
volume of packet switching works to the advantage of ~zraphics,
For example, the asymmetry of graphic data streams means thét
there 1is, by comparison, negligible cost for the return
channel, 'althOugh the capacity 1is there Iif needed, In a
similar way, Intérmittent transmission in the forwérd channel
is reflected in lowetr costs. The characteristic long messagzes
mean that very.few of the uneconomical partially ijTed paclets
need be sent, Finally, the very low eror rate ensures the
safety of bandwidth compressed graphic'data, thereby allowing

the wuser to take further advantage of the charge by data
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‘volume, One can foresee the cost of transmitting an image
becoming dependent on its theoretical information content,

rather than on some arbitrary digital representation,
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6. TOWARD OPTIMUM CONF1GURATIONS

" The last two‘ chapters examined the evolution of graphic
terminal hardware, and'tHe effect of thé new commuﬁication
_servlcés on graphic transmission, One cieaf-trend stands out
from‘these surveys, The current and projected jncreaée in
16ca1 processing and stérage capabi1ity‘ will- allow remote
gréphiés systems to take advéntage of ccmmﬁnlcation. charges
baséd ‘§o1e19 oh vo]uhe bf-traFFchactualiy.transhltfed. In
this way, delay and cost can be made fo approach | the
InFOrmation—theoretic 1imits |Imposed by the nature andldegree

of inter-module communication,

Two specific forms of such optimization will be ‘examined
in thls chapter, The first concerns the a]]ocation of system
functions between host and Intelligent satellite .or, more

generally, between the several nodes of a graphic network, The

second is data compression} or reduction of redundant data . In

the transmitted messages to reduce delay and/or reaquired bit
rate, Béth of these promise fascinating work in the next few

vears,



6.1 ALLOCAT(ON OF FUNCTION

- A large- sysfem, such as an application program'which
accesses a large data base ahd- which requires intekactf?e
graphics, Is made up of many interacting hardware and software
modules, Traditional forms of soffware organization: have
.recognized only main- programs, procedures (subkéutinesf‘and
Interrupt service routines (for - the assemh]& 1anguage
programmer) as program constructs,. More recently, operating
systems -which su@port multiprogramming . and interprocess
.cémmunicafion héVe wéakened fhéseﬁdistinctions; any procedure
can be féstructufed as a process, and interrupt seerce
foﬁtines can be writtén to do little more than awaken another
process.f_Thls_view of a system, as a set of (possibly)
concurrently executing and communicating processes will be
useful to the following discussion, despite .any resulting

inefficiencies In an actual implementation.

The processes need no longer all vreside In the same
computer, but can instead_ be scattered among several nodal
sifes which | have enough Intelligence to support

multiprogramming,

In a gfaphics’context, the processes invol?ed COuld he
speciflcally graphical functions such as: display dété base
malintenance; the transformation, clipping and shading routlnes
assoclated = with  créati6n of a ‘display file; sTfting_ of
interrupts from user inﬁut_ deVices to result | in' éither
direct alteration of the display or formatting of thése as

asynchronous signals to other processes ; Interpretation of
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virtual: djsp1ay commands; bandwidth compression and so on;
Mény non=graphical processes may also be Involved:
communication 1ine protocol; message protocol (as In a remote
gubroutihe> éal] or signal operation); local - 1/0; maln

(non-dlsplay) data base aécess, et cetera,

The ~quesfion now posed vis deceptive1y simple, Given.a
decbmposltion of a system Into interacting processes, -where
should .each of the processes be placed for minimum
cémmunlcatlon cdst and delay in »order to exploit ..the

parallelism latent In multiple processing sites?

6,1,1 Point=to=Polnt (Two Node) Configuration

We considér first the now classic configuratlion of a host
with a ve%y inte]1igent.graphics.sate11ite. An example of-such
a satellite 1is DEC's GT-40 (and others in that.séries). A
féir1y sfmp]e graphics processor shares‘ memory :Qifh and 1s
confr611ed_'by a PDP-11 mlnicompuﬁer. The excess inte11§gencg
éf the PDP-11 can éubbort» hany of the funcfions fdescribed
earller in  this Eéport, including some portions of fhe

application program itself.

The resulting question of how to partition the modules

~between nodes has been considered by Stone [6.17 In a general

.context and Hamlin [E,Zj in a graphics context by wuse of a

graph represéntation (not to be confused with the visual
graphics) of the system., In this model (Figure 6,1) each node
corresponds to a module, or process, of the~overa]1'syétem;‘and

exlstence of an arc implles explicit communication between the
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corresponding palr of processes, The weight glven to each arc
specifies the cost of separating the two -pfoceéseS‘ “hy
-camnunication 1lines, Typlcal interpretatfons of this welght
are communication cost (proportional to - the number -of'_words
‘transferred),. space overhead taken wup by "proxy" processes
which handle remote calls, and (less denfensibly) commuﬁICatIon
and overhead delayv Mow i{if 1t 1Is assumed that the cbst
assocfated with a given partition of .the node set Into two
subsets is given by the sum of the interjsubset arc_weights
then the minfmuh;cost partition.ls detérmined Ey. the »minimum
wé!ght cutset, This 1is a straightforward application of any
mak. flow bélgorithm based on the Ford~Fulkerson. tﬁeorem
~~provldedAthat twd_modu]es are sbecifled as bpund, one ‘to each
machfhe, since the absence of sﬁch a constrainf obvioﬁs1y leads
té a. Cémp]ete]y centralized configufation, This modei‘and
algorithm will be Aassessed after a descrjption ‘OF two

bperationa1 systemé based on it,

CAGES [6.3] 1Is a system developed by Hamlln and Foley ét
North Carolfﬁa,.for an IBM 360MS host with PDP11/45 sa§e11ite,
Briefly, all modules are written In PL/I with little regérd to
the machine on which they are to run, Binding of modules to
‘machines occurs at complle tlme, when.a preprocessor makes
mfnpr‘alterations in the source code (e,g. Remote procedufe
calls are rep]aced by calls to a dummy communfcation pfocess),
Compilation to the target machine code then takes place

separately on the two sets of modules,

Experiments were conducted [6.27 on the recbnfrguring of

some existing application pkograms through the use of CAGES
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following min=-cut ana}&sfs using prilor information about
Vcommun{catipn requlrements, Dramatlc reductions  (up to a
Factof of 2) were found in‘response time and communication cost
éé the sateT]fte was glven more functlons béyond the benchmark
"remote plotter" fevel. Unsurprisingly, the satelllte acqulired
funétions related to display creation _and’ maiﬁtenance, while
the. host was feft with large numerfc calcu1ations; Because of
memory space limitations and 1éck of a floating point processor
on the satellite, however, some“conflgurations were not tried,

so the experiments were to some degree jnconclusive,

1COPS, the creation of Stabler[6.471 at Brown Unijversity,

Is similar in intent to CAGES, differing principally In fts

lack of binding and its non-graphlic generality., Since the two
processors involved at Brown have the same instruction set, it
Is possible for them to migrate the modules at run time, A
"meta~level" monitors Iinter-module traffic and_period?ca1ly
recomputes the optjmum partition and: shifts modules when
appropriate, ICOPS was applled to graphics by Michel and van
Dam[B,Sj, They found that the d&namicémsignment Inherent to
this system produced the movement of clusters of modules at a
time as the host processor availabillty changed, Also
Interesting was the fact that the first_modu]es td move to the
_safe]Tité were not those associated with display code
generation, Thlé was abparently due to a peculiarity in their

data structures, but it serves as a warnlng agalnst hard rules,

Both CAGES and 1C0PS are based on the graph model of
separation costs, However, the optimizatlon algorlthm and the

model itself have deficiencies, Regarding use of max flow
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élgorlthmsp “memory: size constraints can not be‘Inc]udédjexcept
in an iterative - or .backtrack modification, It 1is also
unsuitable for éxtensiqn to thrée or more processihg‘sites~= a
mihwéut ternary or n«ary:paftition éigorithm Is still to be
deVisedn - With respect to the model, one deficlency is that it
emphasizes the: cosf of separation without considering the
possible. gain . due to parallel processing. Anotﬁer problem is
that delay is not reallylsuitable as an arc weight, since the
de]ay: Incurred by partition equals the sum of thé arc delays
only if tﬁe transmissioné-are strictly sequential, In a good
muitiprogramming environment, ﬁowever, asynchronous operation
and overlapped transmissions‘ destrdy this synchronism, One

concludes that thlis method of él]qcating»functions still has a

1ong way to go,

6.1,2 The Nétwork Conflguration

In this section we briefly consider a network Whiéh has
nodes of roughly equal Iﬁtel1igence and an actfve human user ét
eégh.' Tﬁe prob]eh fs to implement a “sHafed graphié spaée" of
the type being explored by Bown and Sawchuck [B,Gj. _TheAshaféd
graphic space is in fact a shared data base with updates from

several sources.

Should the data base be partially or completely Ségmeﬁtéi
between the nodes, or should it be replicated at_'evefy‘ nodé?v
If the former, tﬁen display file update. commandsAmﬁst be
brOédcasf following a data base update at a single node, if
the tlatter, then "the data base update comnands must be

broadcast, This latter, replication of the data base, éppears
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préferabie for two reasons, .Firét,,’the daté base update
cohmands are norhéll& more compact'thén the display file deate
commands, which cén involve replacing large sections 0f the
image, Second,-data base updates have a less .rigidiy . defined
fo?mat than disp1ay.fi1e updates, so thatvbandWldth compression
canAbeAappiled. The operating assumbtlon is, of course, that
it Is preferab1é (and pbssible) to use more memory space than

to suffer more communication cost and delay,

-Dlétinct from the problem of carving up the data base s
that 6f regulating access to It, Certainly completely
aéyncﬁronous updates must be prohibited, at least‘on the same
entity, where the inter]eéving of »updateé would produce
garbage, An extreme case ls- that of  the »lnking( or
scribbiephone function; all other useré must be 1ocked.0ut of
that portlon‘of the data base, at least, during the relatively
long  time :a “line [s. heing draWn@ in order to pfevent

interleaving of vectors, These problems are real1y. those of

controlling access to any distributed data base, graphlc or

not,

Controlling access to a distributed data‘basé is receiving

increasing attention [6.7-6.97. A well known method of

protectfng shared data structures on a uniprocessor system or

mul tiprocessor shared-memory system Is the use of semaphores

[6.167. This mechanism; by which processes can suspend
themseﬁves whiie walting for a.resource, is complicated in the
multinode system by cOmmuﬁication~induced'race conditions, Two
subprob1em§ can be distinguished. The_fifsf is.that bf

Implementing software locks, The second Is that of preventling
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deadlock, "~ a condition in ‘which, because of the sequence of
,requesting non-preemptable resources; two or mére processes are
unable to proceed even though the total resources of the system
would permit them to continué alone, one after the otﬁer. Both
of - these problems can be approached as a centralized or as a
distributed control (the feasibility of tﬁe latter was
demonstrétéd.on1y récent1y m.QDjhe primary dlfferences befween
fhé two reéultfng strUCtﬁres are fhat distributed  contro1 Is
less vulnerab]e to total fai1ure,‘but it requires the control
to be réplicated at every node and Tt requires significantly
g;eater overhead(ln the fbrm of number of control'messages and
éynchronization de]ay. Fof the shared graphlc space scenario,
it Is therefore clear that centralized control Is to be

preferr‘ede

A further observation on the app]icatioh of general
kesults to the graphic network described above is that
dead]oék, in the sensé of a circular wait induced by processes
séquentia]]y requesting control over network files, 1s
fﬁbossib]e in the centralizea control, This follows since

there Is only a single multicopy data base to be accessed,

Both central and distributed control would benefit if the
communication network provided a multi-address, or "broadcast",
facility, since so many dupllicate messages are éént. Without
this facillity, the graphic terminals must assume the
responsibiility of sénding sequential messages, each of which

incurs the network entrance delay, Melther Datapac nor

Infoswl tch have Incorporated the broadcast feature,
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In summary, an interactive graphic network

replicate the graphic data base at every node, Update

to this data base should be regulated by a centralized

structure, The control will probably be simple enough

_shou1d

access
control

to be

activated at another node in case of control node fallure,
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6.2 DATA_COMPRESSION

| Thé introduction to 'this chapter. Indicated that the
iné?easing avallability of cheap intelligence (processing power
blus ﬁéhofv) would allow more comp1éx terminals to-reduée the
cémmunlcaflon cost andﬂdelay, As an example, the‘allocation of
system functions was considered ln~Section_6,1. This section

discusses another optimization, data compression,

Déta compression Is\sohetimes called bandwidth compression
or.  redundancy reduction, The objective is to transform one
description of a data structure into another, in such a way
that the number of symbols is reduced, but the original
description can be regenerated from the transformed one,- In
other: ~words, the number of binary digits Is reduced, but the
_number of information~theoretic bits remains the same, thereby
easlng étoraée requirements, In the cohhunicatién‘context,
thfs ~reductfon transliates to either lowecred 'data ‘réte
(bandWldth) réquirements for the same transmission time, 6r
reduced transmission delay at. the Qrfginal data vrate (or
simiiar. variatfons)q In both icases, é direct communfcatioh
cost saving ié realized, since the packet switched networks
charge roughiy on the basis of number of bits transmitted

. (Chapter 5),

Nonwgréphlc information can be subjected to data
compression, but since it Is of 1ess.interest in this report,
it will be dealt with summariiy° - Examples of such compression
are = the storage of predefined formats for fprmffilling

applications, storage of numbered canned responses such as
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error -messages or the 1000 most common words, and the results

of syntactic analysis/synthesus of restricted natural 1anguage

ln CAl app‘llcations°

Specifically graphic Information has possibilities for
compression which are dlStInCt from those of text, To. explore
these, we must again make the distinction between line drawings
and filled—area images, A simlilar distinction 'was made in
Chapfer bk regarding vector and raster displays; these are in
fact normally associated with 1ine drawings and filled-area
images, Eespectively, It is important to note, though,'that at
this point the discussion is - concerned with the images and
their descriptions; these have 1lttle to do with the actual

display technology used,

Since several more distlnctions among image types and
descriptions will be made, Flgure 6,2 Is presented to the

reader as an aid to keeping them straight,

One final point ~-- the well-known fragility of comoressed
Images 1Is not a problem {f the commerclal data networks
(Datapac, Infoswitch) are to be used, since these provide a

virtually error-free connection,

6,2.1 Line Drawings

Line drawlings consist of a sequence of plane curves, ecach
with qualifying information such as colour, Intensity, 1line
texture, etc, Although such curves can be described in many

ways mathematically, the most convenient Is usually
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parametrically, as a péir of funct{ons x(t) -and y(t) where the

parametric variable t is usually in the range 0 ¢ t 1 ,

There are two general ways to define the 'Functfons x(t)
and = y(t), The Ffirst is algorithmicélTya»as a combination of
standard mathematica) fdnctfons or, more precisely, as a
sequence of operations to be executed In order to compute x and
y from t, The second way Is empirically,‘ as a sequence of
parameters to be wused in a function of predefinéd or Implijed
form, As an example, consider the definition of a unit circle,
An algorithmic definftlion could consist of the functions (which
are.USuélly embedded in a display procedure) x(t)= cos2qt and
y(t)= sin2mt, An empirica] definition could be a sequence of
X, ¥ péirs on the circle to which some pre-épécified form of
intérpolation is éplied° Algorithmic descripfions are usually
a form QF data compresslon themselves, and direct trénsmission

of these descriptions apbeérs less impractical when one

conslders the present commercial availability of portable APL

Interpreters, NormalTy,“ though, one 1is confronted with
emplirical deflhltlohs, and it Is with these that the discussion

on data compression |s concerned,

We shall take as the benchmark empirical definition a
sequence of absolute coordinates along fhe curve: A

<N

N

i . 1<i

where the vector Y;= (xi.,yz ) and N is the number of pofnts
“in the definition, That this is usually a highly correlated
SQQUencé has been recognized for years, Most display equipment
wfil - interpret the -first backward difference sequence

("relative vectors"):

s
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LT LT | | .

Slncé these‘vectors are usually short, a special storage and
transmission format, ''short relative Vector", is employed if
each~¢ombohent of the relative vector'Fits into a half word,

This In ltself realizes a compression factor of 2,

Variatlons .on the short relative vector are commén. The
Tektronix 4010 sefies attehpts further compresslon wlfh
reiatlve vector formats of 1,2,3 or 4 bytes depend}ng on the
sfie of each component. The improvement relative to the basic
2 1byte'short vector format is duestionab]e° The BNR prototype
Sgribb]ephone divides the screen Into lél‘zénes with special
forhat refative Vectors used as long as fhe absolute location
Jles within a sing]eAzone (a rathérlblzarre scheme; feminiscent

of the old PDP=8'membry pages),

As an alternative to short 1vectors, one can fit.curve
segments from a predetermlned family and store orftransmit the
definlhg parameters; The Hughes Conographics terminals, for
example, contain display hardware to generafe conic':section
éurveé; 'and are advertised as providing data compressfén In
this way: An often-quoted example in their 1iterature |Is }a
sleek sports car defined with only 205 words, Hughes claims
that an equivalent renditfan.using stralght line segments would
requi re 4800 words;éan Impressive comparison, ' though one
wonders about the accuracy crlterlon Iimposed on ~£he stralght

Tine version,

We saw In these examples two distinct methods of

sequence, The - first s

"exploiting the redundancy of the ue
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pred}ctfve encoding, inA which 'each~ boint is encoded with a
‘reduced number of bits which describe Its location Pe]atlve to
that predicted on the basis of preceding points, In the case
of Short relative vectors, the"prediction is that each point is
tHe same as the préceding one, The other method is that of
spline fitting, where a spline is a plane curveAwith_parameters
chosen to fit the data; Conic, polynomial (including 1linear),
and Fourler splines are the most common, - The main difference
between the two methods 1Is that predict!ve encoding forms a
‘value for each point, employing a poésibly variable number of
bits; spline fitting, on the other hand, ﬁses-a fixed number of
bits for the paramefers of a curve which represents a variable
number of data points (the exact.humbef depends on how closely
théidata resembles members of fhe curve family). of the .tWO'
hethods, spline fitting appears to offer greater possibility

Fof daté compression -because of ITts Implicit use of the

correlation of a point with both Its nelghbours,

6,2,2 Scribblephone

Daté cbmpresslon for scribblephone has been.lnvestiﬁated
by the author and his students, This applicatién - has
conflicting requlrements of low bandwidth and low de]ay; but,
as. suggestedi in Chapter 2, it may become. a slgnificant
extension to conventional telephom)°

'Scribblephone offers opportunlties for further analysis
because the sequence of points has well develéped. statistics,

unlike those of more general pictures, In fact If the x énd'y

processes. are considered to be Independent | (experimental
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évldenée. 16,107 ghows ihis'toAbe an exce]1ent approxi@ationi
thénlohe can dlrectiy épp]y many of thénc1assic bhe diﬁensional
predictive encoding techniques (e.z, Differential PCM). There
is -one signifiﬁant difFeEencé—- the source is. inhefent]y
ampiifude discrete (digitiiation normally occurfng'.{n the
stylﬁs location hardware) and can therefore be compressed and

reconstructed with zero error,

The general form of the predictive encoder is shown in
Figure 6,3, The variable u is shown as a scalar to represent

eithef Xt or y: ., but it Should be remembered that both x;
and yz. Must be enCoded; I{f the predictions G; are reasonably
accurate,”‘then thé.error.sequence_ez has much lower variance
than thé u 4 sequence and reqqlres fewer bits to spgcify its
value, Formatting the error, which iIs an.integer number of
plcture elements, for tkanSmission canfconsist of byte, .nlbble
(4 bit) or bit Stream oriented mapping as well as iInsertjon of
new 1ine, clear screen and other signals. Reconstruction ati
the-recelver ls accomplished using the same prediqtér as at the
transmfftefo w o | | |

2

For the remainder of this discussion the predictor will be
restricted to be linear, to take advantage of the rich theory .
of stbchastié processes and lihear dynamic systems, The |
predliction Is the familiar discrete convo]utién .plus an

addfitive constant to absorb non-zero mean values:

where the maximum order of the predlctor is 3  simb]y because

experiment has shown this to be more than'sufFiCIent,' Rather




6-16
.thah ~contlnue with- this = conventional form  for predictive
‘encoding, we observe that~e£ = u. ~ﬁ€ is the difference of two
close numbers, so that relative errors in the calculation of

A .
~u: will be magnified, Further, with 9 or 10 bit values of ur

4
the required aécuracy in the calculation of the terms of the
predictor will not be available on 8 and 16 bit processors
"wlthout resort to awkward multiword integérs or, even -worse,
cohversion td mul tiword floétlng_point. We therefore switch to,
a mathematlcally» equivalent, but numerically superior
expression, Define the flrst and second backward differences

v: and wy of the u sequence:

;

V. = u,-u.
1 1 i-1
W. = V.-V,
1 i 1i-1
= u,-2u. .+u

i 1-1 "i-2

and. the pseudo state vector s ;:

W)t

s; = (Lu; ,v h

£
where the constant 1 extends the state vector to make later

. expressions more compact, The prediction is performed in two

stages:
V; = a's.
¢
: A A
and Uy = u, *+ v
where a = (a, ,a, ,a, ,agz)' . Why Is an improvement observed?
A . A .
First, a small difference v, s estimated .directly, and

second, the components ve. and w, of s . which are also small
differences, can be computed exactly since the source is
amplitude discrete (although linear prediction ignores this

property).
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The predictfoh coefficlents, the components of a, are

selected to minimize ‘the mean - square prediction. error
A : ’ :
e; = vy =v, )  The wusual formulation of such regression

problems leads to the following requirement on a:

Ra=w
where the autocorrelation matrix R = 5; gfﬁ , -the vector
w = VinS and the 1Index [ s unimportant since we are

treating a stationary process, As a point of interest, the

-values of R, w'ghd a computed from a recent experiment [B.lO]

are shown In Figure 6.4, The coefficlent az s small; the
granularity of the wfitfng space proves to be too much for

useful third order compression,

A block dlagram of the operationé invof?ed in  the
predfctlve' encod}ng érocess is shown in Flgure‘G.S, Although
the structure abpears complex, the software requiréd to reélfze
it Is not barticular1y large or complex; The sequence of
oberatloﬁs ls'slmpiy: |

R 1, Update: calculate s ;

1]
a's;

2, Predict: O&H=

3, lIncrement |; go to 1

Now Fot the compressjon, The probabiiity density FunciiOn;-
of the error e directly determines the minimum numher of bits
.requifed fof tranémlssion; If e is rounded to 'thé—“ngarest_
picture element:- then a simple entropy ca]culafjon on some
experimental dafa [§,10].yields L bits/sample, .This figdre
assumes 60  Hz samplfng of pen position 6n'anA11ﬁx11" surface
with linear resolution 100 boints‘/inchq ‘There femain$ .the

problem of approaching the “entropy limit with a practical
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formatting scheme, A simple system has realized 8 blits/sample

(480_bit/second) experimentally,

ls‘reai time transhission of handdrawn graphics possible
at teletype rates over ordinary 1lnes? One possibility is to -
buffer transmission to take advantage of intervals In whichAthe
pen Is up, Lowered.spatlal and temporéi.reso]ution is anotﬁer

easy way, but better methods should be devised,

6.2.3 Filled Area Images

Filled area ihages,-slmflar to those normally seen on film
or television, consist 6f patches- QF constant or smoothly
varylng.intensity and/dr.hue. These make an image of, pérhaps)
a 'face, a car or a bullding, with a realism impossible in the
more primitive line- drawing [G,ll—G.le. " Inexpensive
késtér«fype termjnals capabie of displaving these fmages are
becoming more common (Chapter &), but.the display itself is the

least of the problems In thls type of remote graphics,

"How can . these images be described? "This Is not a simple
questién, since it 1involves vrendering a two or three
dimensional scene as a one dimenslonal string of symhols==-even
novelists can have trouble with this, Two disﬁincf
possibiiities éuggesF themse]vés: a.-structured descrfptiqn of
the image a§ a list o% the basic .eiements' and tﬁef spatfa]
relations among  them; alternétiveTy, a structureless
description as a 1lst of the Intensity/hue at regularily spacéd

points .(picture elements or pels) arranged in raster fashlono

Clearly, transmitting the latter requires less intelligence of

N
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Finally, we consider transmission of the unstructured
description in the case of smooth variations of intensity/hue
within elements of the scene, such as that produced by shading
of three dimentsional objects, Goufaud shading [6.17], the
simplest and fastest area filling é]gorithm, results in a
linear variation of intensity with distance, Compression can
be acheiVediwith a variation on run Jlength unéodina (hLE) e

each segment- of the vraster line is described by the initial

ihtensity/hue, the final intensity/hue and the Jlength, An

appropriate name for this encoding is first order RLE (FRLE) to

distinguish it from zero order RLE (ZRLE) ‘described above,

There is an obvious relation to zero order and first order hold

systems used in picture bhandwidth compression[5.15].

Reconstrucffon of FRLE images at the terminal 1s not as
simple as for ZRLE; The intensity dot on the raster lineo
segment must be calculated and placed in the display file as a

single dot,

A significant weakness in today's graphic hnrdWare is
exposed by these comments. To the auther's knowledge, nn
manufacturer provides hardware linear intano]ation of
.intensity, This deficiency could be remedied by treating
endpoint descriptions of vectors as triples: (x,vy intensity).
Two 1Ihe drawing primitives are suggesteﬂ:

DRAWABS(X1,Y1,11,%X2,Y2,12) |
DRAUREL (X, Y, 1) )
where 1linear interpolation .is performed "~ on a11 . three

components,
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No estimates of RLE efficiency have been given, as no :data
currently exists on the statistics of computer generated
filled-area images., This data must be obtained before

standardization of a block size for RLE,
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7. _SUMMARY

Réhote comﬁuter graphics,is fn.the_middie of a reVolution.
Technological changes in communicatidn systems | an in
eléctrénic devices have combined fo make possible a graphics
terminal which is low in caplital énd operafiona]vcost and high

In quaiity.

Computer graphics will become more and more a part of our

lives as these developments seep into the marketplace, Six

roughly  -defined application areas were discussed in Chapter 2:

education, scribblephone, process monitoring, technical and

managerijal information display, real time grabhic networks'an&
entertainment, Although the first five can not be expected to
represent a significant portion of network traffic, they are
nevertheless vital areas in which information :techno1ogy will
p}oiiferate through all levels of society, Ey anaiogy, éne can
note that data does not now represént a signiffcaht portion of
the circﬁit-switched network traffic, and fhat expenditure 6n
community programmfng Is a'totélly negligible fraction of the

cost of programming presented on CATV networks., Yet no one

would deny the importance of data. traffic or of 'éommunity

programming.

.The sixth area, entertainment, presents some rather

unsettling questions, . The'naturai outgrowth of the video"game

is the cheap graphics terminal hooked to a timeshared computer

through the telephone network, MNew services will enter the
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home through fhe: telephoﬁe, thereby making some of tHe CRTC
delibefations on tﬁe role of the éable companies ‘slightly
irrelevant. More imporfant is the distortion 1In itraffié
patferhs caused by the typical long call associated with datea,
fs the telephone nefwdrk capab1e of haﬁd]lng a major increase

in the number of sqch calls?

The rapid - evolution of semiconductor technology ' is
periding :obportunities for efficiency Impossiﬁ]e hefore, As
the existing téchﬁo]ogies becoﬁe cheaper, new ones are being
introduced almosf yearly, The princibal gains are In memo ry
gpééd and.cépécity, and in microbrocess!ng power; In ‘the
grdphics area, we see cheaper and/or more coﬁn?ex.termfnals
being Conéfructed. Moré comple% images can be disblayedf and
the terminal ~can  incorporate highcr levels of_ pfcturn
structure, This has two main,effeéts: the host is offloaded of
many lchores (a form of barallel processing) and ;the

communication lines are better utilized,

iAs'an example, workers at Stanford regcntly announced
their design of a ‘low-cost video graphics terminal [7,11,
Intended as a replacement for the Tektronix 4010 rembte plotter
type of storage tube terminal, it provides_interpretation of
point, vector, and character primitives, Sémiconductok meinory
provides storége for the output image which is video
éompatihle, with 640x480 resolution, ||t can also be used as a
conventional alphanumeric terminal, in which case an internal
video character generator is driven by the memory, now .acting
as a text bﬁffer " capable of hblding 600 80-chara;ter lines

(about 50% more than. Chapter 6 of this report), The 19 1b,
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device cost $2000 to assemble (1975 prices) and is expected to

drop to $1000, which invites comparison with the $6000 and up

brice of the 4010,

Although the extended function video terminal will CIearIy
be the dominant. force in the remofe gréphics market for' thg
heXt few Qears,.ifs resglution ié lihited. For'high resolution
(102&X1024) -applicétions .the qgadrup]ing of screen memory
reduirémehts and the cost of -non;standard }029 line video
equipment may make it uncompetitive with the plasma panel based
terminal, especially ﬁow tﬁat.ligﬁt pen interactfon-ié possible
on the panel, GOWever, only video terminal§ can génerate

colour cheaply, and this may well prove the deciding factor,

The para]iel trend in communication technology Is the
introduction of public backet switching by'TCfS (Datapac) aﬁd
CHNeP (fnfoswitchi; promisfng significant savings fof ho#tiforms
of data traffic, For grahhicé, the key factor is the Chnfge by
data voluhe, instead of by connect time,. This brovfdes fufther
motivatioh for the expioitation of cheap intéiligehce at‘ the
termina1 ﬁo fmpTement commﬁnication protocols and to perforh

data comnpression,

The use of newly . available terminal intelligencg 'was
examined 1in Chapter 6, . Methods of partitioning functiqns
between host and terminal were seen to be potentially
profitible, but are still in a relatively undeveloped state, A
look at forms of data compression relevant to this study turned
up two interesting facts. First, scribblephone should be

possihle at low rates (300 baud), Second, there is . a neerd for
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a new graphic primitive to reduce communication load: the |
simultaneous linear interpolation of x, y, and intensity in the
drawing of vectors, This 1Is not vyet implemented on any

terminal, to the author's knowledge.
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