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- Conference Programs with Interactive Graphics

Donald M. Austin
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

ABSTRACT

Multi-user conference programs provide 1nteract10n between users at
remote terminals through the mechanism of a time-sharing or multiprogrammed
host computer system. Extension of the conference program idea to include
terminals with graphic input and output capability will provide a more
natural medium of interaction and information exchange for a large class of
problems. : :

' The major problems to be solved in developing this type of network
graphics facility are the interfacing to a variety of graphics terminals
through a device-independent graphics system, providing reasonable data
transmission rates necessary for interactive graphics, and the design of
a suitable man-machine interface language to handle a. variety of problem
areas. Operatlng system requirements for both shared-program and shared-
file conference systems are investigated, and the implementation of such
a system based on the BKY 6000 operating system at LBL is explored.
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I. INTRODUCTION

Conféféhée progtams.are-interactive programs_ythh allow several
users to interact with each other through the mechanism of a time-sharing
or multiprogrammed host computer operating system. Répresentative
éxamples érejthe slngle-host MOTIF program on Daftmouth University's
DTSS [1] and the FORUM program of Instltute for the Future which runs on
the ARPANET system under TENEX [2]. These programs‘prov1de textual
communication between participants with the additional advantage of
having computational and data base facilities of qomputer systems as
an integfal paft of‘the‘éctivity; On a network Of,multiprogrammed
system with.remote terminals, users may lnteractletH’each other and
a data base in é ;eal-time environment or on a delayéd basis via a
storage flleymechanism. |

Graphlcs-is a natural extension to text baséd tsﬁference programs.

The availability of graphics terminals has reached the state that this

 extension is both practical and useful for probleﬁs”in which communication

by pictures is the natural method. Interactive gréphics applications
cover most areas of problem solving, but the programs are usually written
for spec1f1c systems and a relatively small number of these satisfy both
criteria ofAextens1b111ty and transportability. B |

The major problems to be solved in developing this type of network
gmaphiCS»fécility are the interfacing to a yariety of graphics terminals,
providing feaSOnable data transmission rates necéSSary for interactive
graphics, and the design of a suitable man-machine‘lnterface language'to

handle a yariety of problem areas.
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II. APPLICATIONS FOR INTERACTIVE CONFERENCE GRAPHICS

Some more or less specific examples of interattiVe,conference .
graphics programs will help define the pfoblems aSédpigted with
implementation‘of such a system. Applications may:ﬁeiéeparated,inté
two rufher:hroéd categories which characterize‘thejﬁntﬁre of the

interactive graphics - display with commentary and game situations.:

A.‘ Displaf.wifh.Commentary

Perhébs fhe simplest applications of iﬁteracfiVé-conference graphics
are the anélfsis~programs which display a picture tgréph,'set of data,
schematic,‘flbw chart,.etc.) and allow the users to se1éct features of
interest and cbmment on them. A further extension:of:this category inclgdés‘
features sugh as windowing, zooming, overlaying plots and guiding the
analysis by command menus and parameter'settiﬁg. Ménfiéxisting inferactive
applications cdﬁld be extended to permit easy}and ﬁatﬁfél communication
of ideas between remote users. Cohfefence manipulafidﬁ of graphical
data bases, éuﬁh as urban planning, transportation:néfédrk design, or
architectural désign, is an area‘whiéh.overlaps this éategory and the

game situation area.

B.v Game Situations

This category includes programs in which_inpﬁfiffbm more than one
user ig requifed.' Obvious game situations are thoéetﬁsually associated
with the ferm; such as ch?ss, ecoﬁomic modeling gamés.énd other decision-
;estiﬁg applications. A broader definition encompaéses teacher-student

and question-answer applications in a graphics basedxprbblem area,
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II1. DEVICE-INDEPENDENT GRAPHICS SYSTEMS

A. Types of Terminals
In ordér_to be very useful, conference graphics ﬁrograms require

that the host computer be able to communicate with a.variety of interactive

. graphics terminals and hard-copy devices.  These terminals can be classified

as follows:*f;;
1. :“ngb“ terminals, khich perform i/o onlY?;; ;
2. "Semi—intelligent" terminals, which have_a 1imited instruction
 set:aisp1ay processor and local memory. |
3. ”In%elligent" terminals, which haﬁe centrai pfocessors as well

as display processors and local memory.

For the first class, the host computer must épeak:to the terminal

" in its language. There is no sub-picture capability énd each change

in the dis§IQY'must be done in the host computer. vAn:eXample of this
type is the Tektronix 4012.
The éemi-intelligent tefminal has a limited éﬁbbicture capability
and at least a ''start address' operation code, so thaf portions of a display
can be changed.selectively without re-transmitting iﬁéientire picture.
Translation of the graphics data into display comméﬁdé,hust still bé done
by the hoéf-coﬁputer; k
The iﬁtelligeﬁf terminal has a fairly powerfui}ééﬁputer and 1is
capable of performing‘many graphics operafions-locally,-including

translation of graphics data into display commands; éimple transformation

. _ Vo _
*cf. Ref. 3 for a review of terminal classifications -
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of subpictures and editing.
In a conference system utilizing alvafiety ef‘terminals, most
operatiorns Qili be reduced to the lowest common denemihator, for if
each user is to have an identieal display all operetioﬁs on the graphics
data structﬁre_neeessafy to‘generete a new dispLay_muét be done by the
host for the'lesser-endowed terminals. However, a reductlon in data
traﬁsm1551on can st111 be realized by ut111z1ng the full power of each
- type of termlnal in the conference. For example, suppose a zoom operation
is called fOr. For "dumb" terminals, the approprlate transformat1on of
the data structure, translatlon into termlnal dlSplay commands and the
transm1551on of the new picture to the termlnal must ‘be carrled out by
the host. For the tntelllgent terminal, however, oﬁ1y a 51mple para-
metrized zoom command need be transmitted and all'the_ether operations
can be carried out‘locally. o
Graphlcs tnput devices available fall into three categorles
1. ’Character 1nput devxces usually a keyboard with 6, 7, 8 or 12
bittcharacter.codes.
2. Numerical input devices, such as potentiometefs, or function ‘ ?
keybeards. : 'ff_ff:. ' | N ;
3. Twe?dimensional input devices, such as‘liéﬁtuﬁens, joy-sticks,
mice, tracking balls,ldata tablets, thume.ﬁheel cutsors. R ]
(There exist some three-dimensional input defiees,'such as the
Lincélanand and 3-D joy sticks, which form a feurth eategory,

but these are usually too exotic to be useful with 2-D terminals.)
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B. Reduifements’for Device-Independent Graphics Sygteﬁé

Given tﬁe'hbove constraints it.is evident'that.aﬁhiications programs
for cohfefen¢e graphics should be based upon a deviée;independent graphics

system. Such a system consists of general high level routines for creating

displays chh as grid, smoothed curves, etc., plus sémé'low level routines

’
for translating a graphics data structure into terminal-specific display

instructions. = Ideally, the system should meet the fdllowing requirements:

| 1. Alldw full_use of available hadeare featufés,‘§uch as

chéra;ter generators with variablelsizes, fonts and orientations,
and'Veétor éenefatérs with vafiable line widths and intensities.

2. Alloﬁ_fpr'support of several devices simultéhéoﬁsly, including
hafd—copy devices operating in pafallel wifh £hé various types
of;téfhinals._ | |

3. Ailéw for high level graphics operations suéh.as picture sub-
routining and incremental display mddificatiqn;

4. Allow ﬁodular selection of high level routiﬁééfénd have shall
meﬁofy fequirements for low IeQel'routines;:”. |

S. Allow for the various categories of input deineé.

A commdn implementation of a device-independent graphics system employs
a high level‘ihtermediate display language with a set of graphics commands

in either a_fixed-length_format,‘such as

0P CODE | X, | Y, | OP CODE | X, | ¥ i

or a string format, such as

BREAK | OP CODE | X Y X2 Y2 [ ...
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Translatioﬁ'ofvthe intermediate display file intoid§§iCe specific
commands can bé done as a separate job step or infiiﬁéfby specifying at
load time'thé_prober library of low level éubroutiﬁ¢§:: Through picture
subroutining,;a mixture of the two ﬁéthods can beHuééd;

The study by the Network Graphics Group for tHekARPA coﬁputer network
covers most éspééts,df device-independent graphics.prétocol [4]. The
prdfocol'pfbposed by:thié group is to be impieméntéa ét various levelé of
sophistication, and provides features for interfaCiné,With all types of

terminals.
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Iv. OPERATING:SYSTEM REQUITREMENTS

In order to implement conference programs on a:hqét cqmputer system,

. the operatiﬁg systém must contain certain features; 'TWO possible conference
systems will be discussed - the shared¥program éysfem'and the.shared-file
system. The aﬁplications possible with these twbvsyétgms share consider-
able overlaﬁ_(the shared-file system has more genep51 possibi1ities), but

operating system requirements differ considerably,for7the two.

A;' The Shared—Progrém Systém
Forva>sing1e set of related épplications, parti¢uiar1ylin game
sifuations,»the_host.efficient method of cOnferencing'is the shared-program
éystem. In this system, multiple terminals are conne§£ed to a single job
running at a single control point (thus a single u$éf¥6berating éystem
| is even suitéble'if one has the resources to tie upf;thost coﬁputer with
inferacti?e jobsj; Features required of the host aéeféting system are:
1. Multiple-tefminal iﬁterfaée. o
2. Multiple-terminal connection to a single jdﬁﬁ
3. An intérrupt>or polling capability which aiio@s_the host
computer to service any one of the connectéd:té}minals with.
reasdnable response time (including log on;and iog off).
4. For.interactiQé graphics programs, a d¢vice—iﬁdependent graphics‘
systém and an appropriate set of interpretoréw 
The third fequirement is perhaps the most troublesqme: The concept is
simplé enqugh - it réquires that the program be infprméd by the terminal |

handler whenever any terminal logs on or off the c0nférence program.
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In addition, it requires that the program be able to:post reads to all
connected tefminals and be activated (rolled into oeﬁftal memory) when any
input is forthooming. | -

_Typically.Such a program would consist of an épﬁiioations module,
a high 1eQ¢1 graphics module, an executive module‘éo&ia set of interpretor
modulés, ag dopicted in Figure 1. The applicationofﬁodulo operates on some
dato.base tovp?o&uoe interesting data, which is fed'to‘thewgraphics mooule
for creatlon of a d1splay file. The executive modoiéﬁdirects input to the
1nterpretors for translatlon and transm1551on to the fermlnals Terminal
resoonse 1szfed back to the executive for further.aCt;on.
B. The shaféa}File System

The shaféd—fiie syStem is somewhat more generai thén the éhared-brogram
system in that commun1cat10n is between éeparate jobs,‘each of which may
include dlfferent applications programs and data bases Features required
of the host oporating system are: Ry

1. MUltipie-terminol interface.

2. A multiprogrammed or time-sharing system.

3. Spec1al file types accessible by more than one program 51multaneously.

4. An 1nterrupt or polling facility which allows .a host program to
service any of the conferee's with reasonable response time
(including log on and log off): :

This systeh_is5the basis of the conference systems ﬁoﬁfioned in tho
Introduction (DTSS [1] and FORUM [2]) and seems to'$pit a wider variefy
of operating systems than the soared—program system. .

A sohomatic of this system is depicted in Figu;o12g The executive

module reads the input files from the terminals and -creates a global
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diéplay file.Qith the conference picture. Each uséf §pp1ication program
has read-access to the global display file, and can create a disﬁlay in
any manner desirable, whether épiit screen, overléy:orieven disregarding
- some subsét of conferees. The executive progrém-h§iéS the conference
together by ﬁerforming the following tasks: |
1. Polis the system for new conferees and allbwslfhem to join
thgvéonference. Conversely, it detects conférees who leave
the conference and keeps'the conference inforﬁed of the participant
status. :
2. Maintains a global display file with each.patﬁicpant's‘current
display by polling theﬁ for updated inputs.f
3. zofféré help and advice,tq individual conféréeS;on demand.
. 4. Takes votes, gathers statistics and runs qﬁéstionaires.
5. Prbvi&es back-up for important files (incluaing‘hard copy) ‘and

performs restart procedures.
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V. CONFERENCE POLITICS

In somedCOnference environments there.is a need?fof a chairperson

~ function to guide the activity, while other env1ronﬁents may be totally
_democratle 1n‘structure. Any requlred dlctatorlal funct1ons may -either
be embedded 1n the conference executive (i.e., the: cha1rperson may be
connectedvdirectly te.the conference executive) ordcommand‘fac111t1es for
conference difectidnlhay be honored for only ene’bfespeCified terminal
'.(e.g., thezfirét’terminal joining. the conference),ff'“

The democfetic conference can be realized by aihefwork.structure
with no e*biicit executive as shown schematically iﬁiEigure 3. Here
each program?cbntains'a mini-exeeutive with read aeéese tovevefy other
participant!s display file. The mini-executive roufines consist of'
‘termlnal to- dlsplay f11e 1nterpretors, d1splay f11e -to- term1na1
1nterpretors,ﬁand’polllng fac111t1es. ThlS style of conferenc1ng comes
~close to the sort of fac111ty offered by computer networks, such as the

"ARPANET where host-to-host file transfer protocol has been establlshed

[41.
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VI. A PROPOSED IMPLEMENTATION

The ceméufer center at LBL offers the followingifecilities relevant
to intefactlve'confereneing: _ | .
L Interconnected CDC 7600, 6600 and 6400 withfovér a billion (60 bit
wofds)'of on line mass storage.
2, Asfefﬁinal handler system being expanded fqzésé'terminals with
'data rates up to 9600 bps. .
3. A var1ety of interactive terminals, 1nclud1ng ‘Tektronix 4012's

-DEC GT40's, CDC 250 VISTA consoles, plus seVeral hardcopy devices.

4. ARPANET connection (soon).

- The BKY operating'system currently allows an implemeﬁtation of a shared-

file system through a facility called ”shadowed" COMMON files. This

facility allows a job to capture a COMMON f11e created (and temporarlly

.released) by.anpther job, obtain read-only access (i;eg, SHADOW the file)

and return it to the system. The originating job ﬁheh recaptures the file
by the COMMON eperation and retains write access. }Aﬁ?thing written.on the
file can be. immediately read -from the shadowed fileﬁ,“Thus in Figure 2, the
executive pregram shadows all the input files»forvthe connected terminals,
and all the terminal programs shadow the global display file simultaneously.
Polling is accompl1shed by periodically reading the system File Name Table
into executive program memory space and checking a 115t of prespecified

file names for users logging on or off the conference.: By maintaining an
updated list_of file pointefs, the programs can detefmihe when new input

is available on a given file.
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On the~BKY 6000 system, interactive jobs are aotomatically rolled out
of memory.after a period of inaetivity; Thus, While:the terminal programs
can he rolled.in on demand, the exeuctive program;fmhieh is not connected
to.g terminal must execute a recall loop in or&er torre1inquish the central
procesSorhto;other jobs. This becomes unnecessaril&jerpensive for long
periods.oftihactivity One solutlon, albeit a rather clumsy one, is to
have a chalrperqon termlnal connected to the executrve program It is then
the chalr s‘respons1b111ty to ansure that response.tlme is malntained at a
' reasonablellevel A much more ‘elegant solutlon 1s.to prov1de a peripheral
processor - (PP) program which resides in one of the: 20 PP's attached to the

6600., Thrs PP program can perform the polllng funetlon by "waklng up"

the executiVe program when new input is forthcomimg.'.Coing:ohe step further,
the same PP program is capable of doing direet memory-to-memoryvblock
transfers, e11m1nat1ng the need for aux1lllary storage f11es (at least for
1hput from the termlnals, which tends to be smaller than the global dlsplay
file). | |

The shared—orogram systemfhas already been implemehted for the primitive
_Berkeley Remote Facility, and a new system under deveiopment for the implement4

ation of the ARPANET connection at LBL.
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VII. CONCLUSIONS

Conference programs with intéractive graphiCS'éh a variety of terminals
offer a usefu1>method of communication between us¢r§ ét remote sites. The
problems iﬁvGiVed have for the most part‘been solféégin one way or another,
and all that remains is fitting the pieces togethgfciﬁgb a coherent system.

The sharedfprogram systém allows several,terminéiSfto connect to a single
job, foeriﬁgffeatures ﬁsually associated with coﬂféreﬁce or game situatioﬁs,
where all.usérs are interacting with the same data:bage}.-The addition of
graphics brbadens tﬁe applications possible with thigjéystem td includé many
problem areaéjhot feasible with;téxt-only systems;7 : 

The sharéd;file‘system ¢onnects several intera¢ti?é'jobs énd thus provides
several hosf-sized computer facilities to the conféréegt This system is in
fact a natural extension of computer networks and isvconsidérably more genergl
tﬁan the sihgle-host, shared-program concept, since oniy fhe graphics and

file transfer protocols need be specified. Programjianguages, analysis programs

‘and data bases available to the users can be as vafiedﬂas required for a

particular application.
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