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Abstract

Frequent, informal communication increasesthe likelihood and
longevity of researctrollaborations. Close physicalproximity makes
collaborationamore likely to be initiated, and evenmore likely to be
sustained.

Considering the importance of physical proximity for successful
collaborations,it is a wonder that Internet-basedollaborationsare
even possible. Yet researchersare able to find each other,
communicateand collaborateto producesignificantresultswith text-
basedtools. We proposethat the higherfrequencyof communication
associatedwith close physical proximity can also be enjoyedin a
networkedenvironmentwhereclosenesss measuredy the available
bandwidth for communication.

In this paper,we will showhow our observation®f the Internetasa
groupwareenvironmentinfluencedthe designof our own groupware
environment.Our inquiries led us to developa generic groupware
frameworkbasedon Tcl and Tk, whereTcl programsare transmitted
as the fundamentalmessageype of the system. Basedon canvas
widgets, the framework integrates notions from active email,
hypertext,and existing networkingextensionsavailablefor Tcl. The
Interact-4 client is described. Written to run on the groupware
framework, it providesan interactive, hypergraphicgroupwaretool
thatincorporatesmany notionsfoundin other groupwaretools, while
adding interesting new features.
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INTRODUCTION

Why build a groupware tool for developers?

Groupwareis softwarethat supportsmulti-user
interaction and collaboration. We set out to
build sucha tool becauseve neededt. Despite
the importance of physical proximity when

conductingresearch[1], we have managedto
successfully collaborate over the Internet
already,andthis aspectof our work is growing
in ways that make the formation of new tools
essential to enable t3 providemaximumvalue
for the time spent working with our
collaborators.

Projectsize and scopeare increasing,while our
collaborationmethodsare still tied to e-mail,
news,andlong distancephonecalls. Of course,
FTP is anotherway to sharedata. Finger lets
you seeif your colleagueis on-line; talk allows



limited real-time text exchangesand you can
getan accounton your colleague'snachineand
log in remotelyto be closerto their files and
environment. Sufficient bandwidthmight even
allow you to remote-mountfilesystems using
NFS.

Largenumbersof successfutollaborationshave
usedthesetools andlittle more. Theyarebased
on the least common denominator -- text.
Higher bandwidthtechnologieshavereceiveda
lot more study for groupware,yet text-based
tools remain the workhorses of practical
groupwareon the Internet. Becausdhey are so
successful, we think they warrant further
development and study.

Text remains, in fact, the most widely used
medium for communication of technical
information. [2] So we want to be sure to
supporttext effectively within our whiteboards.
The hypercanvasystemis, in fact, a transport-
independent,nteractive, multi-user, formatted
text and graphicsuser agent. Hypercanvasses
canbe deliveredover any existing text delivery
mechanism,including mail, news, FTP, and
interactively, via Internet Relay Chat (IRGj[

A hopefulthing for the usability of the tool, at
least for the target audienceof developers,is
that we are the end-usersof the application.
When developers use the things they build, those
things tend to get more attentionin terms of
user interface, design, and maintenance.

INTERNET COLLABORATIONS-
GROUPS AND TYPES

Nunamakeret al describethreekinds of groups
of collaborators-- the entire group working
togetherin the sameplace,groupsof peoplein
the same place working with other groupsin
different places,and individuals working with
others in different locations 4]

The second aspect of remote collaboratiethe
notion of whetherthe usersare collaborating
interactively in real time, or not4]

The third constraint,we believe,is content—
what are the useoing?Thewhiteboardwhile
designedto be a multipurposetool, is initially
targetedo softwaredevelopersandis intended

to improve projectcoordinationand provide the
framework for software design, producing
project notesthat eventuallyform the basisfor
project deliverable documentation.

Aside from the group organization, Internet
collaborationscan be differentiatedby project
type. A formal collaboration is onein which
the areasof responsibility and interaction are
well defined. In formal efforts one or more
organizationsagreeon whatis to be built, who
is to build it, how long it shouldtake,and any
otherdecisionsthat needto be madein support
of defining a manageableproject and then
implementing it. Formal collaborations
typically include written agreements betweba
parties involved assigning areas of
responsibility, defining milestonesand project
plans.

Informal collaborations, on the otherhand,are
done on a volunteer basis by a self-selecting
group of interested individuals.
Characteristically, people may join informal
collaborations at any time, and they may leate
any time, even abruptly, when other time
commitmentsor factors, such as a loss of net
accesspccur. Thustheseself-selectinggroups
have a very amorphousnature. Examplesof
informal efforts include the netnewssoftware,
the 386BSD and Linux operatingsystems,and
the Xfree386 X-windows for PC efforts.

Likewise there are hybrid collaborations, for
exampleTcl and Tk, wheresubstantivefunded
work is performedby some people (e.g. John
Ousterhout), while others produce and
contribute extensionssuch as the XF interface
builder, expect,the photo, plot, hypertextand
tree widgets, Extended Tcl, and so forth.

REQUIREMENTS FOR A
SUCCESSFUL INTERNET
GROUPWARE TOOL

The groupwaretools needto supportthe lowest

common denominator environment— the
informal, geographicallydisperseddevelopment

group.
» The software must be highly portable.

» The software should be inexpensive or free.



» Thesoftwaremustbeevolvableby its users.
[5]

» The software should employ open
interfaces.

 The software must be able to exploit
emergingInternet groupwaretechnologies,
such as audio, video and the World-Wide
Web.

PLANNING THE WHITEBOARD

Some things we decided from reading the
current literature were that a pure What Y3re
Is What| See(WYSIWIS) systemwould be too
limited [6] -- we wouldmakeuseof scrollbarsto
accescanvassefargerthana screenandhave
multiple canvasses.

Another notion from other groupwarethat we
were quite takenwith was the see-every-action
approachtakenby Rosemarand Greenberd7].
In their system, GroupKit, all of the users'
cursorswere visible and could be seenas they
moved about. Becausewe wantedto support
people with fairly low bandwidth connections
(peoplesharinga SLIP link, for example),we
would makethis capabilityselectableaswell as
providing a way to seta minimum movement
per update.

Choosing Minimum Hardware
Requirements

A minimum setof hardwarerequirementsnust
be defined. To reachthe absolutely broadest
possibleaudience tools would haveto be text
only. We felt, however,that a graphicssystem
usingthe Windows-Icons-MousePointermodel
set a more realistic, although more elite, floor.

X-windows was selected for the display
standard,since X is fairly widely availableon
the Internet, plus that's what Tk currently
supports.

Our next consideration was the network
connection. What sort of bandwidthwould one
need to have to use this tool? (Although
Greenberget al found bandwidthto not be the
limiting factor in groupware performance[§],
they were delivering over a LAN, not the
Internet, where bandwidth can vary by three
orders of magnitude from one site to another.)

We decidedwe couldn'trequire audio or video
channels,although they are incredibly useful
andto berecommended.We wantedto find an
approachthat would work both for peoplewho
have interactive Internet access,and for those
who don't, becauseén our experiencethereare
motivated peopleut therewith usefulskills and
only Email links. Successful informal
collaborations have been, and are being,
completed with the simplest low-bandwidth
network tools.

The System Must Be Evolvable

This whiteboard system has to not just be
configurable within some programmer-
anticipated range of possibilities. Rather it

would be user- extendible, both through
customizationand programming. Only thenis

it broadly adaptableto different organizations'
approachesFurther,it permitsexperimentation
-- a good framework should be able to

accommodatéroad notions of how groupware
shouldwork and shouldfacilitate efforts to test
new ideas.

Using An Embedded
Programming Language

There'snothinglike an embeddegrogramming
language to enable end-user customization,
including by configuration and programming.
When a sufficiently powerful programming
languageis available at runtime, uncommonly
powerful environmentsoften result. Examples
noted by Ousterhout[9] include EMACS and
the UNIX shell.

Oneof the mostsuccessfuandwidely available
embeddegbrogramminganguagess Postscript.
Postscriptgiveslaserprintersand other display
and/or printing technologies unprecedented
flexibility in laying out pages. Postscriptis
routinely usedin ways not anticipatedby its
developers.[10] Its ability to do so is its
fundamental strength.

FUNCTIONAL DEFINITION

The Whiteboardis a multi-usertool that allows
communication within groups of software
developeravho usethe Internetas a groupware
environment. It encompasses client/server
technology and X-windows user interfacesto




build a project organizationand designcontrol
tool.

To maximize extensibility and force the fewest
design decisionson all usersand groupware
developers, basic groupware services are
providedon the client and serversides. Client
and server Tcl programsthat implement the
actualgroupwareapplicationare definedwithin
the whiteboards themselves)dareexecutedn
the client and servermachinesn the processof
selecting and using a whiteboard. These
programs make use of the basic groupware
services, which include basic Tcl execution,
communicationdbetweenclient and server,and
the ability to createand manipulateTk toolkit
widgets. All decisions relating to user
identification, cursor updates and
differentiation, floor control, cutting and
pasting displayslaving,andthelike, areleft up
to the canvas-suppliecclient and server Tcl
programs.

Basicservicesare providedon the client side by
Tcl [9], the Tk toolkit [11], and ExtendedTcl
[12], in the form of an ExtendedWish (wishx)
interpreter, supplementedby Lehenbauerand
Diekhans'open_socketode[13], Lehenbauer's
secure interpreter code [14], and Tcl code
written for the purpose. Tcl proceduresto
perform groupwareservicesare exportedinto
the secure interpreter by the service code.

Basicservicesareprovidedon the serverside by
an ExtendedTcl (tcl) interpreter,supplemented
by Pekka Nikander's server-side TCP/IP Tcl
extensiond15], Lehenbauer'secureinterpreter

code, along with Tcl support code. As above, Tcl

proceduresto provide the basic services are
exported into the secure interpreter by the
service code.

Note that even the basic services can be
extendedby exporting new servicesinto the
secure interpreters.

THEORY OF OPERATION

The NeoSoftwhiteboardsystemusesa central
server. The data for in-use canvassesis

replicated among all clients that have that
canvasopen. By criteria defined by Greenberg

andRosemanthis is a "hybrid" systembecause
there is replication and a serveR] [

Client-side startup

Basicclient servicesstartup whenyou startthe
customizedversion of ExtendedWish (wishx)
and it loads in the basic client service code.

Whenthe client is startedup, the home canvas

is automatically opened.The home canvasis

specifiedby the HOMECANVAS environment
variableor compiled-indefault,and canvasiD's

include the serveraddressservicenumberand

nameof the canvas. (Onepossiblehomecanvas
is hyper canvas.neosoft.com 2222 home.)

This is essentially a standard Tcl startup,
including loadingthe client side frameworkTcl
code. The "open_socket"client-side socket
interfaceis usedto handlethe user'sside of the
TCP connection. Next a connection is
established with the server, and the first
whiteboard (thénome whiteboard) is selected.

The following things occur when a whiteboard
is selected:

» A secureinterpreteris createdin the client
with its own top-level window.

» Theclient notifiesthe server,which creates
its own secureinterpreterand loadsin the
Tcl codespecifiedfor the server-sideof that
canvas.

» The serverdownloadsthe Tcl codemaking
up theclient sideof the canvado theclient,
who executes it in the secure interpreter.

From this point on, the client and server
programstake over, using the basic groupware
services for storage, user interface, and
communicationsservices. All authentication,
permissions,notions of interface style, floor

control, etc., are handledby the Tcl programs
associatedvith the canvasjndependentlyof the

basic groupware service code.

Server-side startup

The serverconnectsto its servicenumber,and
begins accepting connections from clients.
When a client requestsa connectionthe server
acceptdt. It then awaitsa messagedentifying
the selected canvas.



When a canvasname is received,the server
createsa secureinterpreterand sourcesin the
server side of the canvasghich doesany startup
validation and the like, then transmits a
programto the client, which the client sources
into a secureinterpreterto get its display and
user interface.

Example of server functions include:
*  Authentication.

* Access lists and list management.

» Update displays to reflect arrivals and
departures.

» Bring new user's display up to date.

* Implement caching with the client side.

Developers with Email
Connections Only

For developers that can only access the Internet
through Email connections, running the
whiteboard is still possible, but the user must

run the server and the client on his/her machine.

Canvas Control

We define thecanvas control portion asthearea
in the interface where you choose colors,
actions, etc.

Canvassesire manipulatedusing userinterface
elementsdefined on the canvasseshemselves,
and by elements defined on the control canvas.

In our first few hypercanvas iterations, we had a
fixed setof controlsfor drawing, enteringtext,
etc.,butfoundthatto becumbersome- it didn't
allow for people in different roles teaveunique
interfaceswhich is desirable[16], and it made
the tool less useful as a framework for
developinggroupwarenterfacedueto its hard-
coded nature.

By separatingthe drawing interface from the
delivery mechanism and making it be an
arbitrary Tcl program,all of thoseproblemsare
eliminated, and individuals and organizations
are free to evolve the canvas system at eghdr
to better support their goals and methods.

Thereisn't necessarilya needto limit ourselves
to canvassesthough. The reasonto do so is

consistencyand that we can set up the canvas
bindings in such a way that the cursors can
always been seen. This way, it's epessibleto
draw on the control canvas,which could be
quite usefulfor providing documentatiodayers,
feedback during the evaluation phase, etc.

Latecomer Updates

When someone enteas activecanvasthe state
of the canvasis downloadedfrom one of the
current participants, using the server.

All actions,including cursormovementsby all
participantsareseenon all displaysthatare on
the samecanvasand showingthe samepart of
the canvas.

Methods Of Delivering Whiteboard
Updates

You candeliver whiteboardsas compoundfiles
using regular Email, news and even
interactively using IRC.

It's useful to deliver interactive whiteboard
changesover IRC becauselRC already has a
multichannel realtime text distributigystemin
place that has scaledto supporta network of
interconnected servers and thousands of
interactive users. Since we're going to send
thesecommandsas text, it is no problem to
transmitTcl commandsnsteadof user-typedn
text on specifically named channels. If we
decidenot to deliver overit, it is still worthy of
study -- the IRC developershave solved some
interesting problems.

Floor Control

Floor controlis a systemof decidingwho speaks
next. While floor controlis importantfor large

groups, it is not usually considered very

importantfor small ones[15]. Sincethe client

andserversidesof a canvasare user-definable,
different notions of floor control can be

experimentedvith, implementedand deployed,
typically without requiring changesin the

system framework.

Attaching Files

There are all sorts of files, importantto your
activity, already of a specifimrmatthatwasnot



defined by the groupware tool. Any
developmengffort is going to have thosefiles,
andthey are goingto be a topic of conversation
within the whiteboard. So we needa way to
point to those files that is meaningful in terois
user interaction, in other words, we want not
only the nameof thefile, but to be ableto read
it, listento it, view it, formatit, compileit, etc.,
accordingto whatit is. Again we are savedby
the client program, because it's user-defined.

GROUPWARE CLIENTS AND
SERVERS

A numberof groupwareclient/serverprograms
havebeenwritten for the groupwareframework.
They range from simple game interfacesto a
working developer collaboration tool that
addresses many important groupware issues.

Interact-4 Groupware Tool

The Interact-4groupwaretool is the fourth in a
series of in-house attempts to creatgoupware
tool that operateswithin our framework and
addresses many important groupware issues.

Greenberget al showedthe user'snamealong
with their cursor as it moved around. We
support this notion, and others, since cursor
management is totally user-configurabligh Tk
event bindings and creating and manipulating
graphical elementswithin the canvas. Cursor
differentiationcould alsobe doneon the basisof
color, or a pixmapcanbedisplayed perhapgshe
facesaver image of the participant or a
Monopoly piece, to name two.

We also implementedthe idea of gesturing.
Rosemaret al had the ability to emphasizedy
temporarilyswitchingin a big cursor[7]. Other
possibilitieswould be to substitutea different
bitmap, changethe color and flash the cursor,
and possibly also doing somethingwith the
person's facesaver bitmap, such as flashing it.

Drawing Tool

Graphicalobjectsin the control canvascan be

selectedto choosecolors, draw line segments,
arcs, rectangles, polygoasdtextin the display

canvas.

Cursors Of Arrow And Name

All the active usersof the canvashave their
cursor position displayed,and updatedin real
time, on all otherusers'canvasses.Cursorsare
arrows with the user name underneath.

Conver sation Window

When you don't have a phone connection,a
conversatiorwindow is availablewhereyou can
type messagesand have them scroll in a
window. Of course it's just another
hypercanvas.

L ocal Save

Any usercansavea private copy of the drawing
canvas at any time.

Server Save

Authorizeduserscan savea public copy of the
drawing canvas at any time.

Hyperlinks To Other Canvasses

Hyperlink buttonscan be createdon any canvas
that causes a jump to another canvas.

File Attachments

Files canbe transmittedntactand"attached'to
a canvas. Displayingor processingf thefile is
performed by outboard tools, such as xv,
ghostview, etc.

Floor Control

Sincethis tool is targetedtowardssmall groups,
thusfar we havegonewith an openfloor policy
(no floor control) .

Cutting and Pasting

Cutting, copying and pastingare implemented
using Tk's excellent facilities for locating,
obtaining and modifying the definitions of
tagged canvas items. In this codi&;s ability to

return the ID's of all of the tagged items within a

boundingbox is put to good useto implement
cut and copy.

Scaling

Oncea piecehasbeencopiedfrom a canvas,it
can be scaled with facilities built into Tk's
canvas widget, before being pasted into a
different canvas.

Display Slaving



Anotherusefulconceptfrom existinggroupware
is view dlaving [17], where view control is
grantedto anotheruser, or sharedwith them.
There the enslaveddisplay is scrolled to the
same view on whichever canvagle could have
a button that says"Jump to whateverBrad is
doing." Since we have multiple windows, one
canvas can be slaved while another is not.

Update Tagging

Updatetaggingis whereyou want to seewhat
was done since some point in time. Each
display item is taggedwith the integer time
(secondssince 1970)it was created. Iltems can
be selectedover a range of time and their
attributesmanipulatedin some desiredway to
show which ones they are.

User |dentification

Determiningwho createdwhat items is easily
done by tagging each item with its author.
There are times and placeswhere anonymous
editing shouldbe allowed, however. Examples
include brainstorming sessions,where it is
desirablethatideasbe consideredy themselves
without the weight of their author being
attachedto them [4], and caseswhere the

content of the canvas may demand anonymity.

Most times you needto know who wrote what,

for examplewhen working on a schedulefor a

software project. On non-anonymousanvases,
our client and servertag each item with the

user@machinname ID of the author. Tk can

then beusedto determinewho an authoris. We

could flash one person'swidgets, or perform

some other attribute modification on them, as

with layering.

In normal use, we show the nansealfacesaver
images of the people in the canvason the
control canvas. How this works is up to the
developer of the client and server programs.

Layers

Many CAD systems suppattie notion of layers.
These are display elementsgrouped by some
criteria, that can be included or excluded
according to useselection. Tk's tag mechanism
is perfectfor this task;the client codehasall it
needs to provide support for separate layers.

Jumping Out to Other Applications

Sincethe client sideis Tcl code,bindingsand
Tk user interface elements ceauseanythingto
happen-- an applicationto be launched,local
calculations to be performed, ad infinitum,
subjectto security constraintsimposedby what
serviceghe client'strustedinterpreterexportsto
the secure interpreter.

Datathatis createdoutsideof the hypergraphic
system still needsto be accessibleby that

system. For example, news articles, Email,

postscriptand GIF files, and so forth, may need
to bereferencedvy, and be accessibldrom, the

hypergraphics system.

We addedan optional number-of-bytes-to-copy
parameterto copyfile, to facilitate in-line, in-
streamfile transmission. We want to transfer
bitmaps for certain, ultimately the GIF and
postscript files as well.

Whentransmittingover a text link, binary data
needs to beiuencodedor equivalent. Examples
would include transmitting attachmentsover
IRC and mail.

CONCLUSION

Groupware makes it possible for  people
separatedby distance or time to effectively
collaborate on software development.

The NeoSoftWhiteboardSystemwhile drawing
on existing groupware concepts, provides
several unique capabilities that make it
attractive as a framework for building
hypergraphic groupware systems.

AVAILABILITY

The groupware code will be available by
conferencetime from ftp.neosoft.com in the
/pub/groupware directory.
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