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STATUS OF THI S MEMO

Thi s paper describes the requirenents for a graphical format on which
to base a graphical on-line communication protocol. The proposal is

an Interactive G aphical Conmuni cati on Format using the GKSM session

metafile. Distribution of this meno is unlinited.

ABSTRACT

Thi s paper describes the requirenents for a graphical format on which
to base a graphical on-line conmunication protocol. It is argued that
on-1ine graphical communication is similar to graphical session
capture, and thus we propose an Interactive G aphical Conmunication
Format using the GKSM session netafile.

We discuss the itenms that we believe conplenment the GKSM netafile as
a format for on-line interactive exchanges. One key application area
of such a format is nulti-nmedia on-line conferencing; therefore, we
present a conferencing software architecture for processing the
proposed format. W nake this format specification available to those
pl anni ng nmul ti-nedia conferencing systens as a contribution toward

t he devel opnent of a graphical communication protocol that wll

pernmit the interoperation of these systens.

We hope this contribution will encourage the discussion of multinedi a
dat a exchange and the proposal of solutions. At SRI, we stay open to
the exploration of alternatives and we will continue our research and
devel opnent work in this problemarea
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. | NTRODUCTI ON
A. Use of a Graphical Conmunication Protoco

In the field of conputer conmmunications, a protocol is a procedure
executed by two cooperating processes in order to attain a

nmeani ngf ul exchange of information. A graphical comunication
protocol is needed to exchange interactive vector graphics

i nformation, possibly in conjunction with other information nmedia
i ke voice, text, and video. Wthin this nulti-media comunication
envi ronnent, conputer vector graphics plays a key role because it
takes full advantage of the processing capabilities of

communi cati ng conmputers and hunman users, and thus it is far nore
conmpact than digital inages which are not generated from data
structures containing positional information. Vector graphica
conmmmuni cati on trades intensive use of storage and processing, at
the conmunicating ends, in return for a | ow volunme of exchanged
data, because workstations with graphical hardware exchange
graphi cs conmands in conjunction with large data structures at the
transmitter and receivers. In this manner, the transm ssion of a
si ngl e conmmand can produce extensive changes in the data displ ayed
at the sending and receiving ends.

It is helpful to situate the aforesaid protocol at one of the
functional levels of the | SO Open Systens Interconnection

Ref erence Mbdel [1]. Wthin such a nodel, a graphical protoco
functionality belongs primarily in the application |evel, though
some of it fits in the presentation level. W can distinguish the
foll owi ng conponents of a communication protocol

a) a data fornat

b) rules to interpret transnmitted data
c) state information tables

d) nessage exchange rul es

A format for a graphical protocol should provide the |ayout of the
transmitted data, and indicate how the formated data are
associated with interpretation rules. The choice of fornat

i nfluences the state tables to be maintained for the correct
processing of the transnmitted data stream The graphical format
has a minor influence on the exchange rules, which should provide
for the efficient use of transnission capacity to transport the
data under such a format. Besides the graphical format, there are
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ot her aspects of a graphical protocol that determ ne state tables
and exchange rules. This paper concentrates in the data format,
and it does not discuss the nmessage exchange. Neverthel ess, we

di scuss a sinple software architecture for generating and
interpreting data streans witten in our proposed format. Further
we give an exanple of an application of a proposed format (in
Appendix B), and it illustrates the type of nessage exchanges t hat
are needed for establishing a comunication session and exchangi ng
graphi cal information.

Those in the conputer communication field are well aware of the

i mportance of wi dely accepted protocols in order to achieve
meani ngf ul conmuni cati on. Those who need to inplenent interactive
graphi cal conmuni cations today are confronted with the |lack of an
standard for conputer graphics conmunicati on anong application
prograns. Neverthel ess, we can use sone of the work already done
by the conputer graphics standard bodies. As a matter of fact, |1SO
and ANSI have al ready appended, to the Graphical Kernel System
(CKS) standard, the GKSM session netafile specification that has
many of the features needed for an on-line graphical protocol

It is pertinent to nmention an exanple of graphical conmmunication
that illustrates the real-time nature of the interaction and al so
illustrates the use of graphics in conjunction wth other

i nformati on nedia. Wth audi o-graphi cs conferencing, a group of
individuals at two or nore |locations can carry on an el ectronic
nmeeting. They can converse over voice channels and concurrently
share a graphics space on which they can display, point at, and
mani pul ate vector graphics pictures [2, 3, 4, 5, 6, 7].

The conference voi ce channel s can be provided by a variety of
transm ssi on technol ogi es. The shared graphi cs space can be

i mpl enent ed on workstations that display the pictures and pernit
graphi cal interaction and conmuni cation with other |ocations. The
communi cati on of operations upon pictures involves nodifications
to the underlying data structures, but we are concerned wth
graphi cal database updating only to the extent that such updating
supports the conmuni cation

In order to play out a recorded graphical session, we will need

i ndi cations of the rate at which the graphical elenments nust be
shown and the graphical operations recreated. W do not include
the nmeans for indicating the timng of a session in a fornmat
because our main purpose is to use it in mxed-nmedia comunication
environnents. In these environnents, the play-out timng nust be
conpati ble across information nedia in order to coordinate them
Therefore, we | eave the timng nmechani sms to conference-contro

Agui | ar [ Page 3]



RFC 965 Decenber 1985
A Format for a Graphical Conmunication Protoco

modul es. W al so | eave to conference control processes the manner
in which a conferee station emul ates a graphical capability that
it lacks. One exanple is the representation of color in nonochrone
di spl ays.

B. Relationship to O her Wrk

There are a nunber of actual, and proposed, standards for graphics
i nformati on exchange. In the follow ng, we explain the reasons
why, at present, none of themcan be used as the basis of an
on-line protocol. As sone of these standards evol ve, however, sone
may becone suitable. Mreover, the experience gained with early
on-1line graphics comruni cation systenms will provide insight into
the proper standard extensions to support nore advanced systens.
Such insight could also be used to nodify the format proposed in
this paper, which we consider an initial approach to the problem
In the future, the format proposed in this paper could be replaced
by one of the aforesaid extended standards.

The North Anerican Presentation Level Protocol Syntax, NAPLPS,
specifies a data syntax and application semantics for one-way
teletext information dissem nation and two-way vi deot ex dat abase
access and transaction services. The two-way videotex operationa
nodel is based on the concept of a consunmer and an information
provi der or service operator. Because of this asymetry, it is
assuned that alnost all graphical information will flow fromthe
provider toward the consuner. In the reverse direction, the
consuner is expected to manipulate and transnit al phanuneric
information, for the nost part. Although this standard includes
geonetric drawing primtives, a user cannot directly nodify shapes
drawn with the primtives.

At present, NAPLPS does not include interaction concepts like
picture transformati ons or detectability, which are fundanental
for attaining a shared graphi cal workspace. Neither does it all ow
key graphics input devices like mice, joysticks, stylus, rotating
balls, or light pens, which are needed for sinple and efficient
editing of the shared workspace.

W want to have user-to-user graphical conmmunication that features
the I evel of sophistication and ease of interaction provided by
today’s interactive graphi cs packages. Conputer vector graphics
can provide both because its paradigmincludes an application
programthat keeps track of a very |large nunber of possible
changes of state of the displayed picture. In addition, the
application drives a powerful graphics package, |ike GKS or ACM
Core. In the videotex paradigm the provider application only
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allows Iimted changes to the displayed i mage, primarily database
retrieval requests. Al so, the paradigm does not include a separate
graphi cs package. Both the graphics functionality and the data
format are collapsed into a coding specification, |ike NAPLPS.

In this paper we are interested primarily in business and

i ndustrial applications where there is a two-way, or multi-way,
flow of vector graphics information anong the users. The users

wi |l have workstations with substantial processing and storage
capacities, and high-resolution nonitors; noreover, the

communi cation will be on a distributed architecture not depending
on a central server host, like the provider application host of

Vi deot ex.

Currently, the videotex equipnent at the consuner end consists of

i nexpensi ve m croprocessor-based decoders or personal conputer
boards driving, in nost cases, lowresolution standard TV sets and
personal conputer displays. There is already affordable technol ogy
to produce sophisticated decoders and hi gh-resol uti on graphics
devi ces. The vi deotex standards need extensive revisions to take
advant age of these advances; in particular, they should consider
the receiving devices as capabl e of hosting a programmabl e
customer-application process. Wen this happens, videotex
protocols will be applicable to our intended problemareas [8].

The Conputer G aphics Metafile [9] will becone an internationa

and North Anmerican standard for graphics picture interchange in
the near future. However, the CGM also referred as VDM is a

pi cture-capture netafile that only records the final result of a
graphics session. It is not intended to record the

pi cture-creation process, which is fundanental for the interactive
applications that we are addressing. Mreover, the CGMis
presently ainmed at a mni num support of CKS functionality. It will
be sonme tinme before the CGMw ||l have some of the el enments needed
for on-line interaction. If, after these additions, the CGMis
augrmented for session capture, it would become a | ogical candi date
for a protocol format.

Anot her future standard is the Conputer G aphics Interface, CG
also referred as VDI [10]. The Cd is a standard functional and
syntactical specification of the control and data exchange between
devi ce-i ndependent graphics software and one or nore

devi ce- dependent graphics device drivers. A mgjor use of the CGE
is for the comunicati on between an application host and a
graphi cs device, but the asymretry between its intended

communi cati ng ends hinders the use of CA for our purposes.
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As previously stated, we want to take advantage of intelligence
and storage at the comunicating ends in order to achi eve powerful
i nformati on-conveyi ng effects using narrow bandw dt h channel s.
This requires that the format we seek nust have itens for

comruni cati on between two applications. In contrast, the Cd
streans are processed by devi ce-dependent drivers, rather than by
applications. The CA specification does include application data
el ements, but only to be stored in a netafile. These application
data elenents are not interpreted by the drivers, but by
applications that read the netafile, sone tinme after netafile
creation.

Furthernmore, the CA has el ements for obtaining graphical input

as well as elenents for inquiring graphics device capabilities,
characteristics, and states. Later, in Section IIl, we explain why
these two cl asses of elenents are unnecessary for the

commruni cati on protocol we need. As the CA evolves, it wll
undergo significant changes, and, in the future, it may becone a
very suitable kernel for the graphics protocol we seek. As a
matter of fact, the CAd wll be the conmmunication protocol between
graphi cal application hosts and graphics termnals. At SRl we are
tracking its evolution, and we are interested in defining a fornat
based on the CQ.

Finally, the Initial G aphics Exchange Specification [11] is not
aimed at our primary area of interest. The | GES defines standard
file and | anguage formats for storing and transmitting
product-definition data that can be used, in part, to generate
engi neering drawi ngs and ot her graphical representations of

engi neering products. Besides the CAD orientation of |IGES, the
graphi cal output function rmay be secondary to other goals like
transmitting nunerical -control machine instructions.

OPERATI ONAL REQUI REMENTS AND USABI LI TY

The main goal of this paper is to lay the groundwork for the

devel opment of a vector graphics format to be used as a basis for an
on-1line graphical conmunication protocol. W call such a format an
"interactive graphical conmunication format," or IGCF. In this
section we describe sone operational requirements and usable
characteristics for an | GCF.

A. Interoperation of Heterogeneous Systens
A first functional requirenent is that an | GCF nust permit

communi cati on anong het erogeneous graphi cal systens differing both
in the hardware used and in the software of their graphics
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application interfaces. This is a fundamental for attaining
communi cati on anong simlar graphical application prograns running
on dissimlar hardware and using dissinilar graphics interface
packages. Sone exanpl es of such application prograns are graphics
editors, CAD systens, and graphi cal database retrieval prograns
conmuni cating with other editors, CAD prograns, and graphica

dat abases, respectively.

B. Picture Capture

A required characteristic of an IGCF is that it nust be usable for
the exchange of static graphic pictures, i.e. for picture capture;
yet, it nust not be restricted to final picture recording only.
There will be picture exchanges as part of the interactive

conmuni cation, and we anticipate the need to record the state of a
picture at sone points during the on-1ine graphics engagenent. W
foresee the creation of graphical |IGCF libraries containing object
definitions and pictures for inclusion in new pictures. Since

nmet afi | es have been used for a long tine to capture pictures,
there is a strong notivation to base an I GCF on a netafile
standard in order to secure conpatibility with a | arge nunber of
netafile sources and consumers.

C. Pronpt Transm ssion

In sone fornms of interactive graphical comunication, like

audi ographi cs conferencing, it is critical to convey across users
the real-tine nature of the interaction. This dictates that object
creations and mani pul ati ons be transmtted as they happen rather
than as a final result since a substantial part of the information
may be transmitted concurrently with the construction or operation
of an object, possibly through associated nedia |like voice. Since
bot h construction and mani pul ati on processes have to be
transmitted, there is alint to the nunber of internmediate states
that can be economically transmtted.

Athird requirenment is, therefore, that the | GCF el ements provide
fine "granularity"” to convey the dynam cs of the constructions and
mani pul ations. W believe that it is sufficient that the | GCF have
basi ¢ construction el enents |ike pol ygons, nmarkers, polylines, and
text strings and that it transmt themonly when they are
conpleted; i.e., it is not necessary to transmit partial
constructions of such el enents.

The problem for mani pul ati ons extends beyond an | GCF. Wereas we

know t hat an | GCF shoul d i ncl ude segnent transfornations, segnent
hi ghl i ghting and segnent visibility on/off, the transmtter nust
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deci de how often to sanple an on-going transformation and transmit
its current state. The choice of a sampling frequency will depend
on the avail abl e transm ssi on bandw dt h.

D. Low Traffic Vol une

In many of the applications we envision, coordinate graphics wll
be transmtted over narrow bandw dth channels, and thus it is
essential to mnimze traffic. Accordingly, several requirenents
are inposed on an | GCF to take advantage of the characteristics of
t he graphics comunication intercourse and architecture in order
to mninmze traffic.

An | GCF can hel p reduce traffic by including the basic geonetric
obj ects fromwhich so nany ot her objects are built. Moreover, an
| GCF should permit the use of objects for the creation of nore
conpl ex objects; since reuse is very common, the result is a
reduction of traffic and storage cost.

E. Preservation of Application Semantic Units

A related requirenent is that an | GCF nust include elenents to
represent graphical objects corresponding to real world entities
of the intended applications. For exanple, in a Navy application
the entities of interest are carriers, subnmarines, planes, and the
like. W want to communicate such semantic units across systens
and to treat themas unitary objects because, in nany
applications, comunication is based on creating and operating
such units. If an | GCF has elenents to represent such senantic
units, the communication traffic decreases because the entity
definitions can be transmtted only once and then reused, and
because the entities are mani pul ated as units rather than
separately mani pul ati ng their conponents.

It turns out that there is a snmall set of primary operations that
can be applied to a graphical object, and an | GCF nust have

el ements representing such operations. In contrast to dunb
graphics termnals receiving screen refresh information froma
host, we foresee graphical communication taking place anong
intelligent workstations that can exchange encoded operati ons,
interpret them and apply themto objects stored |ocally.

F. Transni ssion Batching
We previously indicated the desirability of conveying to the human

users the real-tine tenpo of interactive graphics exchanges.
However, it is possible to do so without having to transmt
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imediately all 1GCF elenments. As a matter of fact, |IGCF el enments
shoul d be divided into those causing a change on a displ ayed
picture and those that do not, although both classes may cause
changes to the stored graphical data structures.

It is only necessary to transnmit inmediately those el enents
causing a visible change on a displayed picture because they are
t he ones whose reception and interpretation delivers information
to a human user. The second cl ass of elenents can be batched and
queued for transmi ssion until one elenment of the first class is
submitted. W call the first class update Group-1, and the second,
update G oup- 2.

The aforesaid division is quite inmportant for packet

conmuni cati ons because each packet contains a hefty anount of
overhead control traffic. It is therefore nmandatory to batch, into
a packet, as much client data as possible in order to reduce tota
traffic. The batching units can be varied in size according to the
network traffic and response tinme of conference hosts. During
congested periods, the units may have to be increased, thus

| owering the nunber of nessages, and then reduced when congestion
eases, thus increasing the nunber of nessages.

G Sinple Translation Between | GCF and User |Interface

According to the first requirement, an | GCF nust permt the

i nteroperation of rel ated heterogeneous graphics applications.
Such interoperation has, as an objective, the comrunication

bet ween hunan users or between a human and a dat abase.

Correspondi ngly, the interoperation involves a nmapping between the
user interface commands and the I GCF elenents. It is not advisable
to use the commands thensel ves as the | GCF el ements; otherw se the
exchange woul d depend on the conmuni cating systens, and every pair
of communi cating systens woul d require an ad-hoc protocol

An additional usability characteristic is that there nust be a

si mpl e mappi ng between |1 GCF el ements and the actions represented
by the user interface commands enpl oyed for graphica

conmuni cations. This sinplicity is a nust because every

communi cati ng graphi cal system nmust have a translator that ideally
shoul d be very sinple. It seenms that the inclusion of conmand
sequence delimiters in the I1GCF helps the sinplicity since the
delinmters permt keeping a smaller amount of state information
for processing an | GCF stream

We have verified the mapping fromone set of comuands for
audi ographi cs conferencing to the | GCF proposed in this paper. The
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mappi ng fromuser interface commands to | GCF can be done in a
direct and efficient manner; on the other hand, the reverse

mappi ng, from|GCF to user interface conmands, is a nore difficult
task. W& anticipate that, in order to inprove performance, we wll
have to map the I GCF elenents to calls to | ower |evel subroutines
i mpl enenting the user interface actions. \Wereas such napping is
conceptually no nore conmplex than translating | GCF to the comuands
thenselves, it will require considerably nore programing

ELEMENTS OF AN | GCF

| GCF El enent d asses

In this section we list the classes of elenents that we believe an
| GCF shoul d have in order to exchange vector graphics under the
requi renents of the previous section. The classes correspond to
the conmon function classes in conputer graphics interfaces, and
each contains elenents corresponding to interface primtives and
attributes. W do not list the elenments for each class because
they are exenplified by the elenents in the proposed | GCF

In the following list, two categories of functions are m ssing:
functions used to query the status of a graphics system and input
functions. As a matter of fact, an I GCF only needs to have

el ements representing actions that cause a change in the state of
t he conmuni cati ng graphi cal systens, and the inquire functions
obvi ously do not change their state. Even though an input function
executed at the transnmitting end causes a local change, it is not
necessary to transnit the input command itself. The receivers only
need to get the data input, in | GCF representation, and they can
process the data in any manner, maybe sinmulating |ocal input
actions.

Contro
El enents for workstation: initialization, control and
transfornmation; and el enents for normalization transformation
(The normalization and workstation transformati ons can be used
to i nplenent zoom ng.)

Prinmtive attributes
El ements for prinmitive, segnment, and workstation attributes.

Qutput primtives

El ements for output primtives.
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Segnent ati on

El enents for basic segnentation and workstation i ndependent
segment st orage.

bj ect mani pul ations can be inplenented with segnent
transformati ons. Object insertion can be inplenmented using
segnment recall and segnent visibility. Object deletion can be
i mpl enent ed usi ng segnent del etion and segnent visibility.

bj ect sel ection can use segnent highlighting as feedback to
t he user.

Dynanmi cs

A consi derabl e part of the graphical information exchanged
through an IGCF will be in the formof pointer novenments over a
background picture. Pointer tracking is used to transnit points
sanpl ed from a graphical pointer trace in order to reproduce

at the receivers, the novenent of the pointer at the sender
site. This can be done either by just noving the cursor or by
tracing its novenent with a |line. Rubber band echoes are used
to signal areas, routes, and scopes in a highly dynam c way.
These are indicated by an echo reference point and a feedback
poi nt .

Hi erarchical object definitions

The requirenent for preserving application semantics dictated that
an | GCF include the neans to represent objects that stand for
application entities, and to mani pul ate such entities as graphica
units. Furthernore, the lowtraffic-volume requirenment called for
the use of already existing objects for the creation of new ones.

One way to neet the aforesaid requirenments is by including in an
| GCF the neans to represent object hierarchies. In such a

hi erarchy an object is a set of output primtives associated with
a set of attribute values or a set of l|ower-level objects, each
associated with a conposition of transformations [12].

Graphi cs segnents can be used to inplenent objects in the | onest

| evel of a hierarchy. The definition of a higher-Ilevel object can
be represented by sequences of | GCF el enents describing the
definition process. Such a definition can be done by instantiating
| ower-1level objects with specific transformation paraneters. Thus
an | GCF nust incorporate brackets to mark the begi nning and end of
obj ect definitions, object instantiations, and object
redefinitions.
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In order to conpl enent the mechani smfor object definition, an

| GCCF nust permit the use of a flexible al phabet for creating
object identifiers that ensure the uni queness of an identifier in
a hierarchy. The construction of the object identifiers is not
part of an IGCF, an I GCF only has to represent the identifiers.
Further, an identifier has to be independent of a communi cation
session and a particul ar graphics systemso that identifiers
created at a host during one session can be used, in other
sessions possibly involving other hosts, to recall the objects

t hey | abel

We also | eave to the comunicating systens the inplenmentation of
mechani sms to resolve duplicate identifiers when nerging two

hi erarchies, created in different sessions. In this paper we shal
limt ourselves to the warning that segnment nunbers do not qualify
as identifiers because they depend on the session and state of the
systemin which they are created.

In addition to object definition and instantiation, an | GCF shoul d
have el ements representing operations on objects. The operations
so far identified are: transformation, deletion, display,

di sappearance, expose, and hi de. Expose is used to uncover objects
on a screen that are hidden by other objects; hide is used to

pl ace an object behind others on a screen

I'V. A PROPCSED | GCF
A. Using the GKSM as a Basi s

An | CCF nust be usable to transmit all graphical actions in a
conference session. This suggests to base an | GCF on a standard
session-capture graphics netafile, thus ensuring conpatibility
with a large user popul ation. W have based the proposed | GCF

Pl GCF, on the GKSM session-capture netafile specification because
GKSM cont ai ns many of the elements identified for an |GCF [14]. In
addition, the audit trail orientation of CKSM permits the
recordi ng of interactive comunication sessions for later play
out, and this is a feature that we anticipate will be frequently
used.

The CKSMis a proper subset of our PIGCF and thus any graphica
system devel oped to handl e the PIGCF, can read a GKSM netafile
Conversely, the applications using the Pl GCF should have an option
for constraining session recording only to the GKSM part, possibly
suppressi ng sone session events. By doing so, we will be able to
ship a GKSM netafile to any correspondent who has CGKSM
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interpretation software. Alternatively, an application with a
CKSM i nterpreter but wi thout an PICGCF interpreter can read a Pl GCF
file interpreting only the GKSM part and ignoring the rest.

Whereas the GKSM was specified for the CKS system we believe that
the GKSMis a sound and general basis for all of our 2-D
applications. W feel that the GKSM specification is not parochial
to GKS systenms but contains all the nost useful itens desired in a
metafile. In the future, we expect to tackle applications
requiring 3-D, like interactive repair and mai ntenance ai ds. Wen
GKS be augnented with 3-D capabilities [13], we will extend the

PI GCF with any necessary el ements.

We are aware that the GKSM specification is not part of the GKS
standard itself but is an appendi x recommendi ng such a netafile
format. Neverthel ess, all the GKS vendor inplenentations that we
know of, at the present tinme, support GKSM netafile output and
interpretation. If this trend continues, as we expect, we will be
abl e to exchange graphical files with a | arge base of GKS
installations. There will indeed be nany of them since GKS will be
adopted as an standard by | SO and by many national standard bodi es
in the near future.

B. Positional |nformation Coordinates

Fol  owi ng the GKSM convention, the PIGCF positional information is
in nornalized device coordinates, NDC. Thus the originator of a
conference nust indicate the workstation wi ndow for the
conference. This window is the sub-rectangle of the NDC space
enclosing the area of interest for the conference. In nost cases,
the participating workstations will take this w ndow as their own.
However, the graphical systens should provide for the possibility
of a workstation choosing a different workstation w ndow, which
may contain the conference wi ndow or just overlap it. Except for
speci al cases, a conference originator should not state a
conference workstation viewport. In this nmanner, each workstation
can display its workstation viewport in the npobst convenient
portion of the screen.

There will be conferences where the participating workstations
will maintain the positional information in world coordinates, WC
It might be necessary to reconstruct the world dinmensions after
transm ssi on because such di mensi ons have a rel evant neaning for
the application, |ike sizes of conmponents or distances. In this
case, a workstation will have to map from WC to NDC before
transmitting and from NDC to WC after receiving. At the outset,
the conference originator has to specify the world wi ndow and the
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NDC vi ewport used in the conference in order for the conferencing
wor kstations to do such mappi ngs. These mappi ngs coul d be done by
the presentation layer, in terns of the |1 SO Open Systens

I nterconnection Reference Mbdel, in a manner that is transparent
to the conmunicating application prograns.

Most often all workstations will have the sane world w ndows and
NDC vi ewports. However, the graphical systens will provide for the
possibility of a workstation choosing a different w ndow or

vi ewport, but such workstation will have to record the conference
ones for doing the aforesaid mappi ngs. There are graphica

systenms, |like the ACM Core, that do not provide for a workstation
transformation. In such systens, the NDC viewport is considered to
be the workstation wi ndow for the aforesaid mappi ngs.

C. Layers of the PICGCF

There are two levels in the PIGCF a | ower |level L and an upper one
U The lower level L is just the GKSMnetafile specification as
defined in Appendix E of the proposed GKS ANSI standard [14]. W
have excerpted nost of Appendix E of [14] at the end of this RFC
as our Appendix A. Al level L elenents belong to the update
Group-1 except: SET DEFERRAL STATE, the output primitive attribute
el ements, the workstation attribute el enents, CLIPPI NG RECTANGLE
CREATE SEGMVENT, CLOSE SEGVENT, RENAVE SEGVENT, SET SEGVENT

PRI ORI TY, and SET DETECTABI LI TY.

The upper level Uis those elenents that we believe conpl enent the
GKSM for general on-1line graphical exchanges. This |ayering
conforns to the graphics netafile level-structure described in
Enderle et. al [15]. Under such structuring, an application
oriented netafile can be based on graphical netafiles.

D. PIGCF Elenents in the Level U

The level Uitens are encoded as GKSM user itemelenments so that a
PIGCF file will conformto the GKSM netafile specification
Accordingly, a PIGCF file will be a CKSM netafile in its entirety.
We use the sane fornmatting conventions as the GKSM specification
Those unfamiliar with these conventions should read the begi nning
of the appendi x. The following itens belong to the second update
group: the two itenms for object definition, the two itens for
object redefinition, the two itens for object instantiation, the
two itenms for normalization transformation, SELECT COVPONENT, and
RECALL LI BRARY. The renmining itenms belong to the first update

group.
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Items for Cbject Definition
BEG N DEFI NI TI ON
| "GKSM 120" | L
I ndi cat es begi nning of object definition sequence
END DEFI NI TI ON
| "G&KSM 121" | L | | |

I ndi cates end of object definition sequence. |I(Nc): object

identifier ( N preceding c, i, r neans an arbitrary nunber
of characters, integers, or reals.) bjects defined
interactively are nade visible on the screen; i.e. they are

automatically instantiated. If only the definition is to be
kept but not the inage, a Dl SAPPEAR item nust foll ow.

BEG N REDEFI NI TI ON
| "GKSM 122" | L | | |

I ndi cat es begi nning of object redefinition sequence
I (Nc): object identifier

END REDEFI NI TI ON
| "GKSM 123" | L
I ndi cates end of object redefinition sequence
Itens for Object Instantiation
BEG N | NSTANTI ATl ON
| 'GKSM 124" | L | |

I ndi cat es begi nning of object instantiation sequence
I (Nc): Object identifier

END | NSTANTI ATl ON
| "GKSM 125" | L |

I ndi cates end of object instantiation sequence
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Items for Cbject Manipul ation
TRANSFORM OBJECT
| "G&XSM 126" | L| C| I | M|
Apply transformation Mto object |
C. nunber of characters in identifier
I (Nc): object id
M 6r): upper and center rows of a 3x3 matrix representing
a 2D honogeneous transformation [12].
M11 M12 M13 M21 M 22 M 23
DELETE OBJECT
| "CGKSM 127" | L | |
I (Nc): object identifier
DI SPLAY OBJECT
| "CKSM 128 | L | |

Turn on visibility of object |
I (Nc): object identifier

DI SAPPEAR OBJECT
| "GKSM129° | L | I |

Turn off visibility of object |
I (Nc): object identifier

EXPOSE OBJECT
| "GKSM 130" | L | I |

Redi spl ay object I on top of any overl appi ng objects
I(c): object identifier

H DE OBJECT
| "GKSM 131" | L | | |

Redi spl ay object | behind any overl appi ng objects
I(c): object identifier
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SELECT COVPONENT

| "GKSM 132" | L | | | P|

Sel ect conponent P of object |

I(c): object identifier

P(i): pick id of conmponent

This is used to select a group of output primtives
identified by Pin a segnent associated with I|.

ERASE COVPONENT

| "GKSM 133" | L | | | P |

Er ase conponent P of object |
I(c): object identifier
P(i): pick id of conponent

This erases a group of output primtives identified by Pin
a segment associated with |I. This el ement can be used only
wi t hin a REDEFI NE OBJECT sequence.

Iltens for Normalization Transformation

Agui | ar

SET W NDOW

| "GKSM 134’ | L | W]

Def i ne boundaries of world wi ndow for normalization

transformation.
W4r): limts of world window (XM N, XMAX, YM N, YMAX )

SET VI EWPORT

| "CGKSM 135" | L | V|
Def i ne boundari es of NDC viewport for normalization

transformati on.
V(4r): limts of NDC viewport (XM N, XMAX, YMN, YMAX )
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Items for Other Operations
ABORT
| "GKSM 136" | L

Abort ongoing operation transmtted in PIGCF stream This
provi des the nmeans to abort unwanted or erroneous
operations. Only the innernost operation of a nested
sequence i s aborted; successive aborts can be used to get
out of several |evels of operation nesting.

POl NTER TRACKI NG
| "GKSM137° | L | T | P |

Updat e graphical pointer position to P

T(i): O causes only cursor to be noved
1 causes cursor novenent to be traced with
a line

P(p): a point sanpled from graphical pointer
novenent trace
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RUBBER BAND
| "GKSM 138" | L | T | P |

Echo a rubber band of type T with given reference and

f eedback points. The first occurrence of this itemin a
sequence carries the coordi nates of the echo reference
poi nt. Subsequent occurrences carry updates to a pointer
position indicating an echo feedback point.

T(i): echo type
( 0 echo reference point;
> 0 echo feedback:

1 =1line,
2 = rectangl e,
3 =circle)

P(r): echo reference point (T = 0),
or echo feedback point (T > 0)

The reference and feedback points are:
T=1- reference is one end of line, feedback is
ot her end.
T =2 - reference is one corner of rectangle, feedback
i s opposite corner.
T =3 - reference is center of circle, feedback is
perimeter point.

RECALL LI BRARY
| "&XSM 139" | L | F

Recal | graphical library in file F
F(i): nane of file containing library

The graphical pictures in F and all their conponents becone
avai l abl e for use during the comruni cati on session. The
pictures are assuned to be recorded with the PIGCF, and
their conponents have to be displayed with D SPLAY OBJECT
el ements or simlar actions so that the pictures becone

vi si bl e.
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V. AN ARCHI TECTURE FOR PI GCF PROCESSI NG

This section presents an exanple software architecture for the
generation and interpretation of PIGCF in a nultinedia conferencing
system using CGKS as the underlying programrer’s graphics interface.
This section should not be interpreted as a definitive statenment of
such an architecture, but only as an exercise to illustrate how the
format proposed in this paper fits within the overall framework of a
conferencing system Choosing GKS sinplifies the exanple
architecture; neverthel ess, other graphics packages can be used by
adding, to the architecture, the nodules to interpret and generate
the PIGCF level L itens.

Figure 1 shows the major software nodul es charged w th graphics
interaction and display at a conferencing workstation. This is a

fam liar programmer’s view of the graphics pipeline. A conferencing
application programupdates data structures and uses

devi ce-i ndependent graphics services through a | anguage bi ndi ng.
These services, in turn, use device-dependent graphics services that
call on device drivers to accept input and to present graphic

pi ctures. The application perforns nunerous other functions for

conf erence managenent and control of other nedia streans, but we need
not consider themin this exanple.

In Figure 2, the basic graphics pipeline has been augnmented with the
sof tware nodul es involved in the generation, transm ssion, reception
and interpretation of PIGCF streans. The application has a nodul e for
interpreting the | ower and higher |evels of PIGCF and one for
generating the upper level U The device-independent graphics
services include nmodul es for generating and interpreting the |ower
level, L. This reflects the current practice of including the
generation and interpretation functions in the graphics package.
There is also a nodule that transnmits the outgoing Pl GCF streans to
renote work stations. Sinmilarly, there is a nodule that receives
inconming streams fromrenote stations. In actual practice, the
transmit and receive nodul es are deconposed into several processes

i npl ementing a | ayered protocol architecture. A process receives both
|l evels of PIGCF and wites theminto a conference record netafile for
future use. A router process receives and forwards PIGCF traffic from
and to the nodul es previously referred. This router is likely to be
repl aced by independent communication interfaces between pairs of
nodul es exchangi ng Pl GCF.

The thick arrows show the flow of outgoing Pl GCF, whereas the thin
arrows show the inconing PIGCF flow W first foll ow the outgoing
path, starting at the application. The application processes |oca
user actions which are transforned into data structure updates, |eve
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U PICCF el enents, and executions of device i ndependent graphics
subroutines that, anmong other things, generate |level L PIGCF (GKSM
el ement s.

The router nerges both |level streans according to generation order
and sends themto the |ocal copy of the conference record and to the
transm ssion nodul e. The latter batches Goup-2 PIGCF items until it
receives a Goup-1 item It also tinmestanps the PIGCF streamto
synchroni ze its play-back, at the receiver, with the play-back of
other nedia information. The PIGCF nmay be separated into traffic
categories transmitted over diverse conmunication facilities
according to the transport services required by the categories, for
exanple, real-time service for pointer updates, highly reliable
transm ssion for new object definitions, or lowpriority service for
graphical library transfers. Finally, the transnt nodul e nust
acknow edge the reception of inconing PIGCF, and of other nedia
traffic as well.

The receive nmodule is the entry point for incomng PlGCF streans that
may conme within diverse traffic categories requiring nmerging. It
checks the tinestanps for synchronizing PIGCCF itens with rel ated data
in other nmedia, for exanple, voice. It is possible to include here a
hi gh-1evel error-correction function that validates the received
streanms using state and context information about PIGCF syntax and
semanti cs. The receive nodul e passes the streans to the router which
forwards themto three processes: It sends level L itens to the GKSM
i nterpreter which produces the correspondi ng changes on the displ ayed
picture; it sends level L and level Uitens to the conference record,
as well as to the PIGCF interpretation code in the application. The
level Uitens cause updates to both the data structures nodeling
object hierarchies, and the pictorial representation of the

hi erarchi es, through the execution of graphics services. Uitens al so
updat e graphics cursors and may recall new graphics libraries. The
application nust process level L itens because they could indicate
updates to the data structures; this happens if, for exanple, the
structures record attribute value information for the object

hi erarchi es. The application coordi nates these actions wth other
medi a effects according to the tinestanps. Conference record

pl ay-back is done in off-line node. Record itens are received by the
router and thereafter processed simlarly to inconing Pl GCF.
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S + Fomm e o +
| APPLI CATI ON | | OTHER |
| DATA | | MEDI A |
| STRUCTURES | [------------- |
oo - [------ + | CONFERENCE |
[---------- > | APPLI CATI ON |
| GRAPHI CS |
[EREREEEEEE > |
N + | |
| LANGUAGE | R +
| Bl NDI NG |
L [------ + - +
[---------- > | DEVI CE- |
LR + | | NDEPENDENT |
| DEVI CE | | GRAPHI CS |
| DEPENDENT | <---> | SERVI CES |
| GRAPHI CS | | |
| SERVI CES | | |
He-- - | ------ + | |
| | |
v | |
Femmmmme e + | |
| DEVI CE | | |
| DRI VERS | | |
S + Fomm e o +

FIGURE 1 - THE BASI C GRAPHI CS PI PELI NE
IN A CONFERENCI NG SYSTEM
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Fom e e e + Fom e e e + o e e e e oo +
| APPLI CATI ON | | OTHER | | TRANSM T |
| DATA | | MEDI A | | ACK | =>
| STRUCTURES | [------------ | +----- + | SEPARATE TRAFFIC | =>
oo [------ + | CONFERENCE | | | ===> | BATCHI NG | =>
[---------- >| APPLI CATI ON | | | | TI MESTAMPI NG |
| GRAPHI CS | | | R i +
[---------- e R | | |
| | PIGCF L, U] <---| | R R +
+--m - - [------ | | | NTERPRETER) | | | RECEI VE |
| LANGUAGE L + | R | | MERGE TRAFFI C | <-
| BI NDI NG | | PICCF U | ===> | O | <---| CHECK TI MESTAMPS | <-
F--o - - [------ + | GENERATOR | | u | | ERROR CORRECTI ON | <-
| LR + | T | | |
------------------ | | E | R T
S RS + S e V--nnn- + | R
| DEVI CE | | DEVI CE | | | R +
| DEPENDENT | | | NDEPENDENT | | | ====>
| GRAPHI CS | <-->] GRAPHI CS | | [ ---->] CONFERENCE |
| SERVI CES | | SERVI CES | | | | RECORD |
| | | | | | | |
Ho---- |------ + [ -----mmm-m - | | | AR R +
| | GKSM | | |
\% | I NTERPRETER] <--- | | <--- | NCOM NG PI GCF
B SR + B SR + |
| DEVI CE | | GKSM | | | ===> QUTGO NG PI GCF
| DRI VERS | | GENERATOR | ===> |
R + R + +--m - - +

FIGURE 2 - A CONFERENCI NG SOFTWARE ARCH TECTURE FOR PROCESSI NG Pl GCF
VI, CONCLUSI ONS

Tel econferencing and other nulti-nmedia applications will be part of

t he conmuni cation resources available to organi zations in the near
future. This will pronpt conputer graphics and conmputer conmunication
practitioners to address the issue of application-to-application
graphi cs comuni cation. A key elenment of the issue is a protocol, and
a key conponent of the protocol is a data format. W have presented
the operational requirenents for such a protocol and have proposed a
format that fulfills these requirements.

At present, none of the existing or energing graphics standards can
be used as the needed protocol or as a format for the protocol, but
this may change as the standards evolve. W are nonitoring the
standards devel opnent and will study the use of sone of themas a
format basis, in particular the CA. Nevertheless, the conputer
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communi cati on comunity badly needs experience with multi-nmedia
conferencing inplementations. In order for these applications to
happen, one can base a graphics conmunication protocol on an officia
or on a de-facto standard that is likely to gain w de use thus
assuring interoperability with a broad user base. W believe that,
by using the GKSM session netafile, we are noving in the proper
direction.

Pl anni ng the software architecture for generating and interpreting

t he proposed PI GCF has brought up sonme problens we will confront as
we continue our work toward the devel opment of a conpl ete graphics
protocol. This is being done as part of the SRl on-going programin
mul ti medi a conmuni cations. Wthin this program we are inplenmenting
a sinple nulti-media conferencing prototype and will design a nore
conpl ete one. The experience fromboth exercises will be a val uable
i nput to the protocol architecture design
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APPENDI X A
Excerpt from"Draft Proposal: G aphical Kernel Systeni [14]
E.2 Metafile Based on | SO DI S7942

This nmetafile may be categorized as one which ains to provide a
means of recording the exact sequence of function calls made to
CKS. Its functional capability covers the entire range of CKS

out put functions, fromlevel mto level 2. It is, therefore,
suitable for applications where the individual graphics actions
need to be ’'played back’, perhaps with selective graphical editing
bei ng done by the interpreter.

Two encodi ngs have been specified for this netafile. One encoding
is inefficient for nmany applications. The second allows an
unspecified binary format. The renainder of this | GCF appendi x
gives full details of these netafile structures and encodi ngs.

E.2.1 File Format and Data For nat

The GKS netafile is built up as a sequence of |ogical data
itens. The file starts with a file header in fixed format which
describes the origin of the netafile (author, installation),
the format of the followi ng itens, and the nunber
representation. The file ends with an end itemindicating the

| ogical end of the file. In between these two itens, the
following information is recorded in the sense of an audit

trail

a) wor kstation control itens and nessage itens;

b) output primtive itens, describing elenentary
graphi cs obj ects;

C) attribute information, including output prinitive
attributes; segment attributes, and workstation
attributes

d) segrment itenms, describing the segnent structure and
dynam ¢ segnent mani pul ati ons;

e) user itens.
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The overall structure of the GKS netafile is as follows:

FI LE: [file |item---|item---]end |
| header| 1 | | i |item
| TEM [item |itemdata record|
| header | |
| TEM |"GKSM |identification|length of item data
HEADER: | optional | nunber | in bytes

Al'l data itenms except the file header have an item header
cont ai ni ng:

a) the character string 'GKSM (optional) which is
present to inprove legibility of the file and to
provide an error control facility;

b) the itemtype identification nunber which indicates
the kind of information that is contained in the
item

c) the length of the itemdata record.

The I engths of these fields of the item header are

i mpl enent ati on dependent and are specified in the file header
The content of the itemdata record is fully described bel ow
for each itemtype

The nmetafile contains characters, integer nunbers, and rea
nunbers marked (c), (i), (r) in the itemdescription

Characters in the netafile are represented according to | SO 646
and | SO 2022. Numbers will be represented according to | SO 6093
using format F1 for integers and format F2 for reals. (Renark:
Formats F1 and F2 can be written and read via FORTRAN formats
and F respectively.)

Real nunbers describing coordinates and I ength units are stored
as nornalized device coordi nates. The workstation
transformation, if specified in the application programfor a
workstation witing a nmetafile of this format, is not perforned
but WORKSTATI ON W NDOW and WORKSTATI ON VI EWPORT are stored in
data itens for |ater usage. Real nunbers may be stored as
integers. In this case transfornmati on paraneters are specified
inthe file header to all ow proper transformation of integers
into normalized device coordinates.
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For reasons of econony, nunbers can be stored using an interna
binary format. As no standard exists for binary nunber
representation, this format limts the portability of the
nmetafile. The specification of such a binary nunber
representation is outside the scope of this docunent.

When exchangi ng netafiles between different installations, the
physi cal structure of data sets on specific storage nedia
shoul d be standardi zed. Such a definition is outside the scope
of this standard.

E.3 GCeneration of Metafiles

Table E1 contains a list, by class, of all GKS functions which
apply to workstations of category MO, and their effects on this
GKSM In the table, GKSM QUT is a workstation identifier
indicating a workstation witing a netafile of this fornat.

The concepts of clipping rectangle and clipping indicator are
encapsul ated in one netafile itemwhich specifies a clipping
rectangle. This itemis witten to the netafile on activate

wor kstation with the values (0, 1, 0, 1), if the clipping
indicator is OFF, or the viewport of the current nornalization
transformation, if the clipping indicator is ON. If the viewort
of the current normalization transformation is redefined or a
different normalization transformation is sel ected when the
clipping indicator is ON, a further clipping rectangle itemis
witten. If the clipping indicator is changed to OFF, a clipping
rectangle item (0, 1, 0, 1) is witten. If the clipping indicator
is changed to ON, an item containing the viewport of the current
normal i zation transformation is witten. This is anal ogous to the
handl ing of clipping in segnents (see 4.7.6 [14]).

GKS functions which apply to workstations GKSMitem created
of category MO or effect

Control functions

OPEN WORKSTATI ON ( GKSM QUT, .. .) - (file header)
1 (CONDI Tl ONAL)

CLOSE WORKSTATI ON ( GKSM QUT) 0 (end item

ACTI VATE WORKSTATI ON ( GKSM OUT) (61, 21-44)
ensure attri butes
current;

enabl e out put
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DEACTI VATE WORKSTATI ON ( GKSM QUT) di sabl e out put
CLEAR WORKSTATI ON (GKSM QUT, . . .) 1
2

REDRAW ALL SEGVENTS ON WORKSTATI ON ( GKSM OUT)
UPDATE WORKSTATI ON ( GKSM OUT, . . .)
SET DEFERRAL STATE (GKSM QUT, .. .)

o0k w

MESSAGE (G&KSM QUT, . ..) (message)
ESCAPE

Qutput Primtives

POLYLI NE 11
POLYMARKER 12
TEXT 13
FI LL AREA 14
CELL ARRAY 15
GENERALI ZED DRAW NG PRI M TI VE 16
Qut put Attributes

SET POLYLI NE | NDEX 21
SET LI NETYPE 22
SET LI NEW DTH SCALE FACTOR 23
SET PCLYLI NE COLOUR | NDEX 24
SET PCOLYMARKER | NDEX 25
SET MARKER TYPE 26
SET MARKER S| ZE SCALE FACTOR 27
SET POLYMARKER COLOUR | NDEX 28
SET TEXT | NDEX 29
SET TEXT FONT AND PRECI SI ON 30
SET CHARACTER EXPANSI ON FACTOR 31
SET CHARACTER SPACI NG 32
SET TEXT COLOUR | NDEX 33
SET CHARACTER HEI GHT 34
SET CHARACTER UP VECTCR 34
SET TEXT PATH 35
SET TEXT ALl GNMENT 36
S