Building Real Time Groupware with GroupKit,
A Groupware Toolkit

Mark Roseman
Saul Greenberg

April 1995

Department of Computer Science
University of Cagary
Cdgary, Alberta,

Canada T2N 1N4

Phone. +1 403 220 6087
Fax. +1 403 284 4707
Email. roseman or saul @cpsc.ucalgary.ca

Citeas.
Roseman, M. and Greenberg, S. (1995) “Building Real Time Groupware with GroupKit, A
Groupware Toolkit.” Report 1995-560-12 Department of Computer Science, University of
Cdgary, Cagary, Alberta, Canada T2N 1N4, April.



Building Real Time Groupware with GroupKit, A Groupware Toolkit

Mark Roseman and Saul Greenberg

Department of Computer Science
University of Calgary
Cdgary, Alberta
Canada T2N 1N4
phone: +1 403 220 6087
email: saul or roseman@cpsc.ucalgary.ca

Abstract.

This paper presents an overview of GroupKit, a groupware toolkit that lets devel opers build real-time desktop
conferencing applications. GroupKit was constructed from our belief that programming groupware should be only
slightly harder than building functionally similar single-user systems. We have been able to significantly reduce
the implementation complexity of groupware through the key features that comprise GroupKit. A runtime
infrastructure automatically manages the creation, interconnection, and communications of the distributed
processes that comprise conference sessions. A set of groupware programming abstractions alows developersto
control the behaviour of distributed processes, to take action on state changes, and to share relevant data.
Groupware widgets lets interface features of value to conference participants to be easily added to groupware
applications. Session manager s—interfaces that et people create and manage their meetings—are decoupled from
groupware applications and are built by developers to accommodate the group’ s working style. Example GroupKit
applicationsin avariety of domains have been implemented with only modest effort.

1. Introduction.

Over the last few years, we have been designing groupware for desktop conferencing, where two or more distance-
separated people work on a shared task in real-time. Our first system, called Share (Greenberg 1990), alowed
participants in a distributed meeting to take turns sharing unaltered single-user applications; group interaction was
mediated by choosing from avariety of flexible floor control mechanisms to best match the particular style of the
meeting (Greenberg 1991). We then built several groupware equivalents of paint and structured drawing programs
(Greenberg, Roseman, Webster and Bohnet 1992). GroupSketch was a minimalist bitmapped sketchpad, where all
users saw exactly the same things on their display, as well as the multiple pointers of other participants.
X/GroupSketch was a second generation version that, amongst its additional features, allowed participantsto view
different parts of the document. GroupDraw was a prototype of a structured drawing application, where
participants could jointly manipulate a variety of objects, such as lines and rectangles, on their display.

Building groupware proved a frustrating experience. Implementing even the simplest systems was a lengthy
process, as much time was spent inventing similar ideas over and over again. Some of the common tasks of the
programmer include the following items.The set-up and management of distributed processes had to be arranged.
Inter-process communication links had to be established. Actions between processes had to be co-ordinated and
their internal states updated as people interacted with the system. Similar interface components had to be re-
implemented to provide for generic group needs. Session managers had to be supplied so that people could create,
monitor, and enter the conferences.

Consequently, we decided to implement a groupware toolkit to support programming of desktop conferencing
systems. Our motivation for this project was our belief that:

A developer using awell-designed toolkit should find it only slightly harder to program usable groupware
systems when compared to the effort required to program an equivalent single user system.
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We took the tasks common to almost all groupware programming (noted earlier) and transformed them into a set
of core requirements for a groupware toolkit' . From these requirements, we believed that atoolkit could reduce
implementation complexity by providing the following generic features.

e A runtimeinfrastructure would automatically create processes, and manage their interconnections and
communications.

e A simple set of groupware programming abstractions, built on top of a conventional language and GUI
toolkit, would be available to groupware devel opers. Primitives would include remote procedure calls between
application instances, sharing of data, and generation and tracking of conferencing events.

e A setof groupware widgets would let devel opers easily add generic interface constructs of value to conference
participants, resulting in better and more usable groupware systems.

e  Session management, the mechanism by which people create and manage meetings, would be handled
separately from the groupware applications. Primitives for constructing different session managers would be
available for devel opers wishing to create custom interfaces that suit the particular needs of a group.

The result of our effortsis GroupKit, atoolkit whose design has been evolving over several years. Thefirst
generation of GroupKit, developed in C++ and InterViews (Linton, Vlissides and Calder 1989) has been described
in aprevious paper (Greenberg & Roseman 1992). Based on our experiences with that system, we constructed a
second generation version that has proven to be an even richer platform for developing groupware. Readers
familiar with the earlier work should find that the version described here both generalizes and extends the earlier
system.

GroupKit and its applications still run on Unix workstations under an X11 environment. However, the system now
uses the interpreted Tcl language and Tk interface toolkit (Ousterhout 1994) and the Tcl-DP socket extensions
(Smith, Row and Yen 1993). GroupKit developers build their applications using Tcl/Tk as well as the extensions
provided by our toolkit. GroupKit and the underlying systems are all freely available via anonymous ftp; details are
provided at the end of this paper?.

The paper begins with an overview of GroupKit. It shows how an end user sees systems constructed with the
toolkit, and what a GroupKit program looks like. Subsequent sections detail GroupKit’s features—its runtime
infrastructure, its groupware programming abstractions, the set of groupware widgets, and its session management.
These sections show how some of these features work in practice by including both screen snapshots and code
fragments from existing applications. The examples also illustrate the wide variety of systems that can be built in
GroupKit. The paper then evaluates GroupKit by examining the effort required to build groupware applicationsin
it. It closes by comparing GroupKit to other groupware toolkits. A video is aso available (Greenberg and Roseman
1994) that captures the dynamics of many of the screen snapshots described in this paper.

2. Overview

Before delving into technical details, it isworth getting an overall feel for GroupKit. To set the scene, this section
begins by showing what end-users of programs built in GroupKit may see. It then takes the devel oper’ s view, by
tracing through a simple GroupKit program.

2.1. An Example of an End-User’s View of GroupKit

This section walks through an example GroupKit session, where we will see a user monitoring conferencesin
progress, joining two existing conferences, and then creating a new conference. While the scenario illustrates
actual systems provided in the GroupKit release, it isimportant to remember that these are just examples of
systems that programmers could build with the toolkit.

! Details on these and other toolkit requirements are presented in Roseman and Greenberg (1992).
2 All the systems that comprise GroupKit are under active development, with new versions of software appearing periodically.
This paper is based upon GroupKit 3.0, Tcl 7.3, Tk 3.6, and Tcl-DP 3.2.
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Figure 1. The Open Registration session manager.
Two conference sessions are shown, with three participants present in the “Post It” conference.
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Figure 2. The Postlt application.
Notes are created through the Postlt Editor, and received as a Postlt Note.

First, the user (Saul) invokes a session manager, in this case the “ Open Registration” manager (Figure 1). In the
“Conferences’ pane, Saul sees that two conferences are in progress: “Postit” and “Design Session”. By selecting
one of them, he can then see who isin a particular conference (the list in the “ Participants’ pane).

Next, Saul joins the “Postlt” conference by double clicking its name, which adds him to the list of participants. The
Postlt Editor then appears on his display (Figure 2, left window). With this simple GroupKit application, he can
type a short message and send it to one or more participants. The selected participants will see the message appear
in a pop up window. In Saul’ s work community, everyone uses Postlt to see who is available, and to invite people
into conferences. Shortly after joining, Saul receives a Postlt message from Lindainviting him to join the “Design
Session” conference (Figure 2, right window).
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Figure 3. The GroupSketch multi-user sketching application,
showing the shared drawing, the local cursor, and two remote telepointer widgets.

File Collaboration Help
GroupkKit 3.0 relies on Tcl?.3, TK3. 6, and Tcl-DP3. 2. Ohtain and A
install each of these packages (for assistance consult the Tcl =

il

Fa, posted regqularly to comp. lang. tel, or contact us and we'll
point wou in the right directicn).

Unpack GroupEit from the same directory containing Tcl, TE, and Tcl——‘
Run the configure script to create a Makefile suitable - Judy Dttun‘
W for wour system. If wou plan on installing Groupkit anywhere other h;

A

Figure 4. The FileViewer relaxed WYSIWIS application, showing the multi-user scrollbar widget

Saul joinsthe “Design Session” conference via the session manager and GroupSketch, a multi-user sketchpad that
allows simultaneous drawing, then appears on his display (Figure 3). It contains the group drawing being worked
on, aswell asthe telepointers of the other participants. The voice connection is made through a telephone
conference call.

A bit later on, Saul receives a phone call from his colleague Judy, who wishes to discuss a document. Saul decides
to create anew conference that runs the FileViewer. This application provides a relaxed what-you-see-is-what-I-see
(WY SIWIS) view of atext document®, and displays multi-user scroll bars showing what each person is able to see.
From the “ Conferences’ pull-down menu in the session manager, he selects “File Viewer” from the many
applications listed, which adds its name to the Conferences pane in every session manager. FileViewer appears on
his display, and he then selects afileto view init. Judy joins the conference, and they continue their discussion
around the shared view (Figure 4).

3In strict WY SIWIS systems, all users see exactly the same thing on their displays. In relaxed-WY SIWIS, users may have
different viewports into the shared workspace and/or different representation of their contents (Stefik et al, 1987).
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This scenario illustrates several important points about GroupKit.

e  GroupKit supports real-time distributed multi-point conferences between many users.

e GroupKit systemsinclude both session managers for managing conferences, such as the Open Registration
system, and conference applications which are the actual groupware tools, as shown by the Postlt,
GroupSketch, and FileViewer applications.

e Groupware designers can build session managers that match the working styles of their audience and
organization. The “Open Registration” system illustrated here is one that presents a free-for-all policy on
session management; other examples are presented later in this paper.

e GroupKit isageneric toolkit, in that avariety of conference applications relying on either text and graphics
can be built. Other example applications will beillustrated in later sections.

e GroupKit isnot amedia space system. While we strongly believe that voice communication is necessary for
most real-time interaction, GroupKit does not directly support audio or video conferencing. For now, we
expect users to use other systems, such as telephones. Optionally, an application programmer could have
GroupKit automatically invoke an externa audio/video system whenever a conference connection is made.

2.2. A Developer’sView of GroupKit: An Example Program

The above section illustrated what an end user of GroupKit may see. This section presents an application
developer’s point of view, by walking through a complete groupware application called “hello world”. Even though
itisasimple example (in keeping with its genre), it isfar from trivial. Not only does it demonstrate severa
important GroupKit constructs, it is probably the only “hello world” program that actually says hello to the world!

Every participant in a“hello world” conference runs their own copy of the program. Each person sees awindow on
their screen containing a button labelled “Hello World” (Figure 5, top). When any user presses the button, the
buttons on al participants' screens are changed to display briefly a greeting from the user who pressed the button.
For example, if Mark Roseman pressed the button, all participants would see “Mark Roseman says hello!” (Figure
5, bottom).

| —|hello_world.tc| -| || | ~|hello_world.tc| | |
% || Fle Collaboration Help | & | || Fle Collaboration Help

Mark 'I Hello World| x 'I ‘ Hello World |

‘Click

K»gk_toAII “say hi”

| —|hello_world.tc| = || | —|hello_world.te| | _|
| Fie Collaboration Help | | Hle Collaboration Help
Mark Roseman says hello! ] Mark Roseman says hello!

X

time

Figure 5. The Hello World application running on two displays.
The sequence of events shows the procedure ‘say_hi’ being multicast to all replicated processes.

To create this GroupKit conference, the application programmer would need to write a program similar to that
shown below. Most of the code is standard Tcl/Tk concerned with providing the user interface; only the partsin
bold signify the GroupKit code needed to make the program group-aware.
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gk _initConf $argv
gk defaultMenu .menubar
pack .menubar -side top -£fill x
set greetings “[users local.username] says hello!”
button .hello -text “Hello World” \
-command "gk_ toAll say hi \”S$greetings\”"
6 pack .hello -side top
7  proc say _hi {new label} {
8 .hello configure -text $new_label
9
1

Uk wN R

} after 2000 {.hello configure -text “Hello World”}

0

Line 1 initializes the application, and asks GroupKit’ s runtime architecture automatically manage such things as
maintaining socket connections between thisloca process and the copies being run on the other participants
workstations.

Line 2 creates GroupKit’s default menu bar, a widget that provides access to some generic groupware facilities
(other widgets are discussed in Section 5). It gives the participant the ability to leave the conference gracefully (a
“Quit” option in the File menu), lets them see what other conference participants are present (a “ Participants’
option in the Collaboration menu), and provides access to help topics (the Help menu). Line 3 calls the standard Tk
function that places the widget at the top of the window.

Inline 4, we create a string (called greet ings) that will serve as a message from the local participant e.g., “Mark
Roseman says hello!”. Thisline queries a special data structure provided by GroupKit called an environment that
maintains information about local and remote users. In this case, the code within the square brackets asks the
environment to return the name of the local user, which is used to construct the string. Environments have other
features, and are discussed further in Section 4.3.

Lines 56 create a standard Tk button, initially giving it the label “Hello World”. The GroupKit function
gk_toall isattached to it as a callback, and is executed when the button is pressed by the user. This procedure is
amulticast remote procedure call (Section 4.1) that arranges for other functions (in this case the procedure

say_ hi) to be executed not only on the workstation where the button was pushed, but on the workstation of every
user in the session. This sequenceisillustrated in Figure 5.

Finally, lines 7-10 contain the say_hi procedure. Line 8 changes the button’s label to contain the procedure’s
argument (the greetings), and line 9 changes it back to “Hello World” after 2 seconds. When gk_toall multicasts
the procedure execution, each person’s display will show the same greetings message, asillustrated in Figure 5.

If we wanted to make this example slightly more sophisticated, we could add the following lines to the end of the
program. Thiswill automatically change the button’s text whenever a new user entersinto the conference, e.g.,
“Saul Greenberg just arrived!” would be displayed.

11 gk on {[gk _event typel=="newUserArrived”} {

12 } say _hi “[users remote.[gk event usernum] .username] just arrived!”

13
This code fragment illustrates how devel opers can take advantage of events that are automatically generated by
GroupKit. Here, the developer tells GroupKit that it should attach the say hi callback to the newUserArrived
event indicating the arrival of a new user. When the event is triggered, the callback is executed only locally, and its
argument is composed by querying the event mechanism: [gk_event usernum] indicateswhich user has
arrived; and the environment (Jusers remote.usernum.username] providesthe name of that user. The
interaction between events and environments are discussed in Sections 4.2 and 4.3.

Finally, the program is made available to the session manager by editing a configuration file. All that has to be
specified here is a default conference name (e.g., Hello World) and the location of the program.

Thisprogram, smple asit is, illustrates several important points about developing groupware in GroupKit.

e  GroupKit's conference applications are decoupled from session management. The devel oper does not have to
worry about creating new processes or managing communication connections.

e Developers have access to information about the conference through GroupKit’s environments data structure.

e Developers know that conference applications are executed as communicating replicated processes, one for
each participant.

Building real time groupware with GroupKit -6- Roseman and Greenberg, April 1995



e Developers can synchronize GroupKit conferences through multicast remote procedure calls.

e GroupKit provides a suite of special groupware widgets which are easily attached to a groupware program.
These widgets encapsul ate tool s useful to end-users.

e Developers can attach callbacks to groupware events that allow them to note and take action when, for
example, people enter and leave conferences.

Asthe emboldened parts of the program above suggests, doing the groupware hello world program is only slightly

harder than its equivalent single-user version.

3. TheRun-TimelInfrastructure

This section presents the run-time infrastructure supported by GroupKit. It describes the different types of
processes GroupKit creates and maintains, and the interactions between them. Later sectionswill introduce the
programming abstractions available to devel opers that are supported by this infrastructure.

GroupKit’'s run-time infrastructure consists of a variety of distributed processes arranged across a number of
machines. Figure 6 illustrates an example of the processes running when two people are communicating to each
other through two conferences ‘A’ and ‘B’. The three large boxes represent three workstations, the ovals are
instances of processes running on each machine, and the lines joining them indicate communication paths. Three
types of processes are shown: aregistrar, session managers, and conference applications.

A "Well-Known” Workstation

Registrar

Session
Manager

Session
Manager

Conference
A

Conference
A

A 4

Georgd/" Conference

B

George's Workstation Mary's Workstation

Figure 6. An example of GroupKit's runtime process model

Registrar. The Registrar isthe first process created in a GroupKit session. Thereis usually one Registrar for a
community of conference users, and its address is “well-known™ in that other processes know how to reach it. This
isthe only centralized process in GroupKit’ s runtime infrastructure.

When session manager processes are created, they connect to the Registrar. The Registrar maintains alist of all
conferences and the users in each conference. It thus serves as an initia contact point to locate existing conference
processes. The Registrar itself does not have a policy on how conferences are created or deleted, nor on how users
join or leave conferences. Rather, it is the session manager which directs the Registrar to add or delete conferences
and users, and to relay these changes to other session managers.

Session Manager. The session manager is areplicated process, one per participant, that lets people create, delete,
monitor, join, or leave conferences. The session manager provides both a user interface and a policy dictating how
conferences are created or deleted, how users are to enter and leave conferences, and how conference statusis
presented. We have already seen the Open Registration manager in Figure 1; other quite different managers can be
created by the developer to suit different registration needs (see Section 6). Internally, session managers do not
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communicate with each other directly, but discover changesin conference state as information is propagated
through the central list maintained by the Registrar.

Conference Applications. A conference application is a GroupKit program, and isinvoked by the user through the
session manager. This program, created by the application developer, is a groupware tool like a shared editor,
whiteboard, game, and so on. Conference applications typically work together as replicated processes, in that a
copy of the program runs on each participant’s workstation®. We call a process instance a conference process,
while the set of conference processes working together is called a conference session. Different types of conference
sessions may be running at the same time, all managed by the user’ s one session manager.

While the applications do not have to worry about low level details of session management, they may wish to be
notified via an event when some high-level session change does occur. They may also retrieve information about
conference participants, which is maintained automatically by GroupKit. This was shown in the “hello world”
example, where events tracked the arrival of anew user, and environments were used to retrieve both the local
user’s and an arriving user’s name.

Figure 6 illustrates these concepts. The centralized Registrar is running on its own workstation, and its addressis
known to this particular GroupKit community. Two users, George and Mary, have each invoked their own session
managers, such as the Open Registrar shown in Figure 1, which communicates to the Registrar. Mary has used her
session manager to create conference session A, which spawns the actual conference A process (e.g., the
GroupSketch program). To track session events, her session manager and conference process will maintain an
internal communication link to each other. George could then join that conference through his session manager,
which creates areplicated copy of the conference A process; a communication path between the two copiesis
automatically established. The other conference B (e.g., FileViewer) is established in a similar fashion. Both Mary
and George would then see three windows:. the Open Registrar session manager, GroupSketch (conference A) , and
FileViewer (conference B).

This infrastructure is maintained entirely by GroupKit. The conference application code does not need to take any
explicit action in process creation or communication set-up. Instead, as mentioned in Section 2.2, the application
may just ask to be notified through an event when particular session activities occur. The conference processes that
comprise a conference session can also co-ordinate each other through the high-level programming abstractions
provided by GroupKit, as discussed in the next section.

4. GroupKit's Programming Abstractions

In GroupKit, developers are aware that they are writing distributed groupware programs. It is the developer’s
responsibility to make all conference processes in a conference session behave correctly, to take action on state
changes, and to share relevant data. GroupKit provides the developer with three programming abstractions to
support these tasks: multicast remote procedure calls, events, and environments. These are described below.

4.1. Multicast Remote Procedure Calls

One style of programming GroupKit applications relies heavily on a specialized form of remote procedure calls
(RPCs) to communicate, share information, and trigger program execution between replicated application
processesin a session. Internally, GroupKit uses Tcl-DP's RPC mechanism to send a Tcl command from the local
process to a remote one, and to execute it there asif it were called locally (Smith, Row and Yen 1993). For the
groupware programmer, GroupKit abstracts these RPCs even further; first by not requiring programmers to track
the addresses or even the existence of other application process; and second by automatically multicasting
procedures to some or all conference processes.

“4While the conference processes that make up a conference session usually execute the same program, they can differ
substantially aslong as they are well-behaved. That is, the messages, data, and remote procedure calls sent between the
differing programs must be understandable and must produce a correct response (the same istrue for replicas of the session
manager). As an example, Section 4.3 will illustrate how two different versions of the “hello world” program can co-exist.
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The several forms of GroupKit RPC calls that are available to the programmer differ in who the messages are sent
to. Thegk_toall procedure, seeninthe“hello world” example, multicasts a procedure to all conference
processes in the conference session, including the local user. Thisresultsin the same procedure being executed
everywhere, which wasillustrated in Figure 5. The gk_toothers procedure multicasts a command execution to
all the remote conference processesin the session except the local process that generated the call. Finally,
gk_toUserNum Sends the command to the conference process of a particular user in the session. In this case the
“address’ is the unique user number of a conference participant maintained internally by GroupKit and easily
retrieved by the programmer.

The multicast RPC paradigm is an effective way of turning asingle user application into a multi-user application.
Imagine a brainstorming conference, where users anonymously enter ideas by typing them into atext entry widget
and pressing return. The ideas are then appended to a shared list seen by all users (Figure 7).

—| Brainstormer | -|_|
File Collahoration Help

Equipment List

Powrerhook 520
Intel Pentivm 30
SCSl External Drive
Linux software
CD-ROM Drive

1 Enter Idea: |"/ideo Creataor

Figure 7. The Brainstormer application.
Ideas are entered in the bottom and added when “enter” is pressed.

First consider the single user case. A standard Tcl/Tk procedure like the following might be defined that inserts a
new ideainto our list:

1 proc insertIdea idea {

2 } .idealist insert end $idea

3
When executed, this would insert the idea (passed as an argument and held in the idea variable) into the Tk text
widget called . idealist. The multi-user version would just change line 2 to:

1 proc insertIdea idea {

2 gk _toAll “.idealist insert end $idea”

300}
The difference here is that not only do we insert the ideainto our own list, but we direct every other conference
process to insert the idea into their own lists.

The other GroupKit RPCs give the programmer different capabilities. For instance, gk_tooOthers letsa
programmer take different actions locally and remotely. Consider the example above. The programmer may wish
to display local ideas (the ones entered by the local participant) in blue, and all remote ones (the ones entered by all
other participants) in red. Assuming that the procedure insertColouredIdea has been defined that adds ideas
to thelist in anindicated colour, we could substitute line 2 in the original example for:

1 proc insertIdea idea {
2a insertColouredIdea blue $idea #locally executed
2b gk toOthers “insertColouredIdea red $idea” #remotely executed
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While simple, the multicast RPC model provides a powerful approach to distributed programming. The
programmer does not have to know the addresses of other conference processes or track process creation and
destruction as people enter and |eave the session; the calls work the same way whether one user or twenty users are
in the conference session.

Finally, most of GroupKit’'s RPCs are non-blocking. Once the request for remote procedure invocation is made, the
program continues its execution without waiting for areply from remote processes. We have taken this approach
because we noticed that GroupKit programmers rarely require its RPCs to return a value. However, we have
provided a blocking variant of gk_toUserNum that waits for avalue to be returned for the few timesit is needed.

4.2. Events

Another abstraction in GroupKit is the event, which provides away for conference applications to be notified when
various things happen. These can be events automatically generated by GroupKit, such as session events that occur
when participants join and leave the conference session, or custom events created by an application developer. If an
application wants to take action on a specific event type, a callback can be created which is automatically executed
when the actual event is generated. This section describes both the event mechanism and the types of events
generated by GroupKit.

An event consists of a set of attribute/value pairs which provide information about the event. For example, all
GroupKit events include an attribute called “type” which identifies the kind of event. The other attributes of an
event depend on itstype. An event that just happened is called an active event, and programmers can ask for its
attributes via GroupKit's gk_event command. Programmers trap particular types of events through an event
handler or trigger. Triggers are specified using the gk_on command, and take theform gk_on [pattern]
[action]. The pattern lists the events the programmer is interested in, and the action contains callback code that
is executed when the event patterns occurs. An example will be provided shortly.

Event Description

newUserArrived anew participant has arrived in the conference session
userDeleted aparticipant has just |eft the conference session

updateEntrant alate entrant into the conference session needs updating

Table 1. Conference application events automatically generated by GroupKit.
Programmer’s can attach callbacks to them if desired.

GroupKit’'s run-time infrastructure automatically sends three different event types to conference processes, as
described in Table 1. The first two event types are generated when users join and leave the session, as a conference
process may want to take special action when this happens. One simple example was already shown in the hello
world program, where arriving users caused a new message to be displayed in the button. As another illustration,
consider TextChat, a multi-point “talk” application. Figure 8 shows its interface, where each conference
participant has a tiled window on the display. When a participant types, the text is added into their particular
window. For the conference session to behave correctly, each conference process must track the arrival of a new
participant to the conference, and create atiled chat window to contain their text. Inline 1 of the code fragment
below, the programmer has created atrigger viagk_on that checks to seeif the active eventisa
newUserArrived, which indicates an arriving user. When this event happens, the code on line 2 is executed.
Here, the identity of the arriving user isretrieved viagk_event (the user number of the arriving user is one of the
attributes of this event), and a programmer-defined callback isinvoked. When the callback is executed (line 4) the
window is created.

1 gk on {[gk event typel=="newUserArrived”} {
2 makeChatWindow [gk event usernum]
3}
4

proc makeChatWindow usernum { ... } # Create the chat window
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Similarly, each conference process would check for departing participants and attach a callback that deletes their
particular window from the local display.

— Text Chat EE
Eile Phrases Collahoration Help
I'm Caxl Gutwin
Hey - anybody around? A |
What do you think sbout that paper I asked you to
read?
0E.

4
Mark Roseman

Tup, I;m here.

Its pretty good, but lets bring Linda in as well
as she has read it too.

Hang on = minote, I'11 send her a PostIt. . ..

| I

Linda Tauscher

Hi. I see you're discussing Carl's paper. ..

[

[ cm.!un huh.|Hang on a minute...| 'm back!|Flash|

Figure 8. The Text Chat application.
Windows show the text typed by conference participants. The local user’s text goes in the top window..

The third event in Table 1 is used to handle latecomers to conferences that are in progress. By monitoring the
arriva of the latecomer, their conference process can be brought up to date by one of the other conference processes
in the session, usually by sending it the existing state of the conference. This event is automatically generated when
the latecomer joins the conference. Unlike the other events, GroupKit's run time infrastructure sends it to only one
of the conference processes in the session, because only one should update the latecomer® . For example, the
GroupSketch program that wasiillustrated in Figure 3 attaches a trigger onto this event that, when executed, will
cause a single GroupSketch process to send the entire drawing to the latecomer. The TextChat program would use
it to send the text contents of all the existing chat windows, and the Brainstorming program would pass on the set
of ideas generated so far.

Thereis no generic way for a groupware toolkit to handle latecomers. Perhaps the conference just needs to bring
the latecomer up to date, as in the examples above. Even so, the optimal strategy may depend on the type of
application. A complete transcript of all user activities since the start of the session may be sent, or a snapshot of
the current screen, or an abstract data model that can be used by the newcomer’ conference process to generate the
display. Alternatively, the application could be a game where the latecomer may be assigned a particular role that
differs from the other players. As handling latecomers is application-specific, GroupKit leaves the decision of how
to handle the newcomer up to the programmer of the conference application.

Finally, application developers can generate their own custom events. This can be useful in more complex
applications, where a change being handled in one part of the program can generate an event to notify other parts

® GroupKit's mechanism for determining which process to send the event to is rather arbitrary: it is the one identified by the
lowest user number.
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of the program (or other processes) of the change. The end of Section 4.3 will illustrate how events can be used to
propagate changes of program state across applications.

4.3. Environments

While multicast RPCs and events can be used to co-ordinate conference replicas, GroupKit applications can also
communicate via environments. Environments are a dictionary-style data structure containing keys and associated
values. Instances of environments running within different conference processes can communicate with each other.
The net result is that environments can provide a shared data structure: changes to an environment in one
conference process are propagated to the environment instances of the other processes. This section describes how
environments work, and provides an exampl e application demonstrating the programming paradigm they support.

As a data structure, programmers store and retrieve related information within an environment via a hierarchical
key. For example, GroupKit tracks information on all usersin the session viathe users environment, introduced
in the previous code fragments. [users locall] returnsarecord about the local user, while [users remotel] iS
arecord containing information on all other participants. A record for a particular participant is retrieved by
appending their unique user number, and actual values are retrieved by refining the hierarchical key even further
e.g., [users remote.3.username] returnsthe name of remote participant #3.

GroupKit’s environments are more than a data structure. First, they can act as active values. The programmer can
ask an environment to generate GroupKit events when a new piece of information is added to it, when information
is changed, or when information is removed. Second, environments can be shared so that a change in one
conference process environment is propagated to the other processes in the conference session. By combining
sharing and event generation, a change in one process’ environment can change the data in others. Because the
change generates events, the corresponding actions are triggered at all sites.

GroupKit's environments are an effective way to support the programming model advocated in part by Smalltalk’s
model-view-controller (Krasner and Pope 1988) later by Patterson. Both argue for separating the view of an object
from its data representation. In the Rendezvous toolkit, Patterson (1991) encourages devel opersto create
groupware applications using its abstraction-link-view (ALV) model, whose constructs are:

e ashared underlying data abstraction,

e aview of the abstracted entity that may differ for each user,

e aconstraint (called alink) that automatically adjusts the view when the data abstraction is changed.

The power of thisideais that quite different views can be generated from the same data abstraction. In GroupKit,
environments provide the underlying abstraction; when changes to this environment are made—by local or remote
users—events are generated. These events are monitored by the interface code, which adjusts the view to reflect
the state of the environment.

To see how thisworksin practice, hereis anew version of hello world where changes begin after line 3 of the
original program.

1 gk _initConf $argv

2 gk defaultMenu .menubar

3 pack .menubar -side top -£fill x

4 gk _newenv -notify -share message

5 message greetings “Hello World”

6 button .hello -text “Hello World” \

7 -command {message greetings “[users local.username] says hello!"}
8 pack .hello -side top

9 gk on {( [gk_event typel == "changeEnvInfo") && \

10 ( [gk_event env] == "message") } {

11 .hello configure -text [message greetings]

12 after 2000 {.hello configure -text “Hello World”}}

The abstraction used is simply a variable that contains a greetings message. First, line 4 creates the message
environment and line 5 adds the key greetings (initialized to the value “Hello World”) to the environment. The
-notify option causes the environment to generate events whenever it is altered, while the -share option
propagates these changes to the corresponding environment in the other conference processes. Next, the button is
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defined as before on lines 6 and 7, except its callback just changes the contents of the greet ings key. Lines 9-10
attach a trigger to the message environment (the “link” that is activated when its data changes)® . Lines 11-12,
executed when the event is triggered, adjusts the view to match the abstraction by changing the button’ slabel.

Different programs in a single conference session can have different views on the same abstraction. This version of
hello world monitors what other participants are doing by creating a time-stamped transcript of all the greetings
messages being passed around. It starts after line 5 of the version above. Lines 6 and 7 create a standard Tk listbox
which will serve as atranscript. Lines 8-9 create the same trigger, but now the code in lines 10-11 sets the view by
first getting the time and the new greeting, and then by inserting them at the beginning of the transcript.

6 listbox .transcript

7 pack .transcript

8 gk on {( [gk_event typel == "changeEnvInfo") && \

9 ( [gk_event env] == "message") } {

10 set text [concat [exec date +%H:%M:%S] ":" [message greetings]]
11 .transcript insert 0 Stext}

Using this programming paradigm, we have developed a simple structured graphics editor, initially as a single user
system. Its environment contained the abstraction about the objects being edited. A user’sinteraction resulted in
changes to this environment, and changes were propagated back to the view via the event mechanism. To convert
this program to a multi-user application, we just had to add two lines of code initializing GroupKit, and the flags to
the environment declaration specifying it was to be shared with other usersin the session.

5. Groupware Widgets

Along with the above programming abstractions, GroupKit provides developers with a collection of multi-user
groupware widgets. Using GroupKit's widgets, the developer can easily add groupware features to applications
that conference participants will find valuable.

Some researchers have created multi-user analogues of conventional single-user widgets, such as buttons, menus,
and simple text editors, and investigated how to make the sharing of widgets flexible enough to fit different work
situations. Interested readers are referred to Dewan’s work on Suite (1991), aswell aswork by Smith and Rodden
(1993). While their approach isimportant, our research interests rest in widgets that support activities found only
in group work. We are currently working on three classes of widget functionality: participant status, telepointers,
and location awareness.

5.1. Participant Status

As people enter and leave a conference, other participants should be able to see their comings and goings, much in
the same way that we can see people arrive into a room. Because these people may be strangers, it would be handy
to find some information about them.

GroupKit's participants widget, illustrated in Figure 9, partially provides thisinformation. It lists all participants
in the current conference session. Thelist is dynamic, and will automatically update as people enter and leave.
When a participant is selected, information about them is displayed (the pop-up window on the right). This could
include contact information (as shown), a picture of the person, and any other material that person wished to pass
on about themselves. While thiswidget is easily added to any GroupKit application, we also make it available to
all end users as a pop-up menu selection in GroupKit's menu bar widget.

We are now including within the participant widget (and GroupKit in general) the ability to monitor the activity of
participants. Thisincludes whether they are actively using their computer (and thus may be available for real-time
conversation) as well asthe ability to see how willing others are to receive calls. The rationale behind these
features and a few non-GroupKit prototypes that we have built are discussed in Cockburn and Greenberg (1993).

®The event pattern changeEnvInfo isgenerated whenever an environment’ s existing attributes are changed. Other event
patterns detect the addition of new attributes, or deletions of old ones.
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Figure 9. The Participants widget.

5.2. Telepointers

Studies of small face to face groups working together over a shared work surface reveal that gesturing comprises
about 35% of the group’s activities (Tang 1991). Gestures are a rich communication mechanism. Through them,
participants indicate relations between the artifacts on the display, draw attention to particular artifacts; show
intentions about what they are about to do, suggest emotional reactions, and so on. In video-based groupware,
gestures are transmitted by actually showing hand movements over the work surface (Tang and Minneman 1990;
Ishii 1990). Computational groupware systems typically use tel epointers (also known as multiple cursors) to
provide asimpler but reasonably effective mechanism for communicating gestures (Hayne, Pendergast and
Greenberg 1994). Unfortunately, modern window systems are tied to the notion of a single cursor, and application
developers must go to great lengths (and suffer performance penalties) to implement multiple cursors. They are
usually implemented as graphical objects embedded within the application (Greenberg and Bohnet 1991), as
widgets or windows placed on top of the shared view, or as“overlay layers’ (Beaudouin-Lafon & Karsenty 1992;
Roseman & Greenberg 1992) where the telepointers are part of atransparent graphical layer that sits above the
shared view layer.

The InterViews version of GroupKit implemented telepointers through overlays, while the current Tcl/Tk version
uses bitmap widgets that are placed on top of particular widgets in the shared view. Regardless of the
implementation technique used, GroupKit’s telepointers can be created and attached to the underlying widgets with
two lines of code. For example, Figure 3 shows the telepointers in a GroupSketch session. The local user’s cursor is
the normal one provided by the window system, while the two remote users are (in this case) shown by the small
circles. The code in GroupSketch that adds the telepointers to the Tk canvas widget containing the shared drawing
surfaceis:

1 gk initializeTelepointers

2 gk specializeWidgetTreeTelepointer .canvas
GroupKit' s telepointers can partially handle relaxed-WY SIWIS displays. Instead of tying atelepointer to a
window, a programmer can attach it to particular widgets and their children (thisis the purpose of line 2). The
telepointer is always drawn relative to the widget, rather than the application window. For example, we have built
atic-tac-toe game, motivated by the one built in the Rendezvous toolkit (Hill et a, 1994). Its relaxed WY SIWIS
view allows a participant to reposition their game board in their application window without affecting the views of
other participants. Even though the board may be in the upper right corner of one participant’s view and the lower
left of another’s, the cursor will be drawn in the correct position over the board.
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We are now working on the idea of semantic cursorsthat are tied to the semantics of what a person is doing rather
than their relative location in a shared view. Thisisimportant for relaxed “what you seeiswhat | see” (or relaxed-
WY SIWIS) displays, where people have different views of adocument. View difference could be a matter of spatial
orientation (the location of items across displays differ relative to each other), in representation (one person sees
data as a graph, the other asatable), and in detail. The trick isto show a person’s focus of attention in the same
semantic location on either display, perhaps with information being attached to the cursor itself to indicate what
the other is doing. Although quite preliminary, we believe semantic cursors will be a convenient way for
participants to be aware of what others are doing in relaxed WY SIWI S situations.

5.3. Location Awareness

One type of relaxed-WY SIWIS in groupware allows participants to have awindow into different parts of the larger
shared work surface. Thisis natural for real work sessions, for people often do individual work that they later bring
back to the group. Inred life, we are kept aware of what others are doing, sometimes by speech, sometimes by
seeing what others are working on through our peripheral vision. This helps us co-ordinate our work. Because
these cues may not be available in the groupware channel, we include two location awareness widgets in GroupKit
that tell a participant where other people are working in the shared work-surface: multi-user scrollbars, and gestalt
viewers.

The multi-user scrollbar, which wasillustrated on the right side of Figure 4, isinspired by the one provided by the
SASSE text editor (Baecker, Nastos, Posner and Mawby 1993). It supports collaborator awareness by indicating the
relative locations of users within alarge document. The right half of the scrollbar isanormal single-user

scrollbar, allowing the user to move within the document. To itsleft isavertical bar showing the relative location
of each conference user, identified by a unique colour. The name of the bar’s owner can be displayed by mousing
over the bar. The bar’s position and size is continuously updated as participants scroll through the document or
change their window size. Unlike SASSE’ s scrollbars which are built for a particular application, GroupKit's
multi-user scrollbars are generalized widgets that can be attached to any scrollable object. The work required by the
programmer is virtually the same as using conventional Tk scrollbars, as they can be attached through a single line
of code.

= | g_view,tcl [a|Of =] cGestalt [=]|O]
File Collaboration Help A
GROUPKIT README N

=

Last Modified: June 1, 1994

fny and all comments of course are appreciated. Send feedback
Saul Greenhery <saul@cpsc.ucalgary .cax

GroupKit is a library for building real-time groupware applications
These are programs like shared drawing tools or editors that sewve

= | il

PRTVONIT

E

/

Figure 10. The Gestalt Viewer widget.
The document on the left is shown in miniature on the right. Boxes represent each participant’s viewport.

The gestalt viewer, also inspired by SASSE, is similar in spirit to the multi-user scrollbars, but is much richer in
function. It works by presenting a miniature of the document overlaid by coloured boxes showing the actual
viewport of each participant in the session (Figure 10). These boxes are active interface objects, as the user can
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scroll to anew location by grabbing and moving their box. The miniature provides structural cues about the
document as well as participants' locations, which could help a user better understand where their collaborators are
and what they are working on.

We are currently experimenting with other location awareness widgets. We are trying to generalize the notion of
the gestalt viewer to avariety of document types. We have also created a“what you seeiswhat | do” scheme that
shows afull-scale view of the areaimmediately surrounding another person’s cursor (usually a subset of their
view). We are also interested in awareness of changes on a shared view: one of our prototypes lets people replay the
significant stops in a person’ sinteraction over the view, while another prototype highlights any changes that have
occurred since the participant last attended the view. Details are provided in Gutwin and Greenberg (1995).

6. Session Management

Not only do GroupKit devel opers build conferences, but they can construct session management interfaces as well.
Thisisin sharp contrast to most toolkits that force a single (often rudimentary) session management interface onto
its applications. To show the variety of session management policies that can be built, this section describes
several different policies and their interfaces that have been constructed in GroupKit. It also outlines briefly how
managers can be constructed.

A session manager typically controls and presents an interface to the following tasks:
e  creating new conferences,

e naming conferences,

e deleting conferences,

e locating existing conferences,

e finding out who isin a conference,

e joining people to conferences, and

e alowing peopleto leave them.

For example, the interface of the session manager could present these as explicit steps that a user takes to begin
and maintain the collaboration. These could also be implicit actions, where (say) the act of jointly editing an
artifact automatically initiates the collaboration (Edwards 1994).

Being able to provide different interfaces for session management is an important aspect of supporting the working
patterns of agroup. We strongly believe that one of the obstaclesto groupware use is the difficulty of starting up a
groupware session. The obstacle may be in terms of usability (e.g., the system is difficult to initiate) or social (e.g.,
the policy the system imposes is not acceptabl e to the group). Session management must be more than an
afterthought added to the applications, and should be tuned to the needs and collaboration patterns of the target
user group. Thisiswhy GroupKit actively supports the development of session management systems by developers.

6.1. Example Session Managers

To illustrate the possibilities, this section briefly describes the policy and interface of three session managers
constructed in GroupKit. Thefirst, using an open registration model, is well suited to informal collaborations
amongst equal status participants. The second example follows a facilitator model, where a facilitator manages the
selection of tools for the users of, say, a group decision support system. The last example uses arooms metaphor,
and is more suited to sets of collaborative tasks that are intermixed over longer periods of time.

Open Registration. This manager has been described in previous sections (Figure 1). Its only feature not
mentioned previoudly is that conferences are automatically deleted when the last participant leavesit. This
interface supports a permissive policy of creating and joining conferences, which seems well-suited to
collaborations between equal status participants.

Centrally Facilitated. This session manager is designed for a structured meeting controlled by a single person, the
facilitator. Individual users do not initiate or join conferences. Instead, the facilitator controls the session by
inviting participants into the session, by selecting appropriate tools for them (the groupware applications), and by
activating the specific tools that a participant should see on their display. Figure 11 shows the facilitator’ s display
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(the upper window). The names of meeting participants are in the left column. By toggling the appropriate button
in the table to their right, the facilitator can selectively add or remove the tool to a participant’ s display. The
participant’ s interface, shown in the bottom window, is much simpler. It informs them that they are in a particular
meeting, and lets them leave the conference. No other action is allowed.

Help

Brainstorming Tool Voting Booth

Saul Greenbery

Mark Roseman

File Help

You are in meeting Year End Discussion.

Figure 11. The Centrally Facilitated session manager.
The Facilitator’s control panel for managing sessions is shown on top. Participants just receive a notice that they
are in the meeting.
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Figure 12. The Rooms session manager.
Each room displays the users and applications in it, and the door state provides a cue on how welcome others
would be into its room.
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Rooms-Based Session Management. The last example, illustrated in Figure 12, combines an open policy with a
rooms-based metaphor. Users can create virtual meeting rooms, and stock them with meeting tools through the
pulldown menu options. Each room lists who isin them, what tools are running there, and shows the degree of
privacy desired (viathe door icon). People can freely move between rooms. When they enter aroom they are joined
to the conferencing tools located in the room; when they leave the room, any tools used in the room are left behind.
This system could serve the needs of collaborators working on many tasks over a period of time, allowing them to
easily move between tasks. It also serves as a meeting place, where people can see who is around in what room,
and converse with them after entering the room. An example of itsuseisillustrated in Figure 12 after four rooms
have been created. The seminar room has two people in it, running two applications; their closed door indicates
that they do not wish to be disturbed. The lab room has two games going, athough no oneis currently init. The
tester room, which is completely empty, is a convenient place for people to place and test software being devel oped.
The hallway isa special room showing members of the community who are not in any other room.

We are now experimenting with other session managers. These include a call-based system similar to the way
people place telephone calls, and a document based manager where groupware connections are triggered
automatically as people view and edit common documents.

6.2. Implementation of Session Managers

Building session managersin GroupKit is similar in style to building conferences. Session managers communicate
with the central Registrar—and thereby with each other—to manipulate lists of active conferences and their users.
GroupKit stores this information in environments, and changes to these environments generate events. Developers
respond to events by providing their own event handlers or triggers, or by using GroupKit's default handlers.

The event-based approach allows developers to define their own session management policy, governing the actions
taken when certain things happen. For example, when alocal user tries to create a conference, GroupKit
automatically generates an event indicating that a “user requests anew conference.” The open registration policy
discussed above responds by actually creating the conference and joining that user to it. By trapping events, event
handlers can also ensure that the session manager’ s user interface component is kept up to date when interesting
things happen.

GroupKit’'s session management facilities are based on open protocols, a technique we have developed for
building flexible groupware (Roseman and Greenberg, 1993). Briefly, a central server (the registrar) provides a
data structure (replicated via the environments), but specifies no policy for how the data structure is to be used.
Clients to the registrar (the session managers) specify the policy by the selection of operations they perform.
Clients may be different, aslong as they are well behaved with respect to each other and to the policy. Maximum
flexibility is achieved by providing open access to the registrar’ s data structure via a protocol or interface of small
but powerful operations (e.g., add or delete conference).

Table 2 enumerates the handful of different session management events that GroupKit will generate. The column
on the right lists some of the default event handlers GroupKit provides to deal with these events. Different session
managers will use these in different ways to create their policy. The open registration system, for example, relies
entirely on these handlers to implement its policy. Only a small percentage of its 175 lines (about 15 lines) is
concerned with the policy, while the bulk of the system builds the user interface for that policy, and tracks what
events should be displayed to the user (largely viamonitoring “approved” events). The complexity of the facilitated
manager is comparable to the open registration system. In contrast, the rooms-based manager is more complex.
While it builds upon the event handler structure, its developer had to add extra data structures to maintain
information on the rooms into its policy section.
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Event Description GroupKit-provided Handler
foundNewConf anew conference has been created add conference to local environment
and generate a newConfApproved event

newConfApproved approval of anew conference none (can use to update interface)
foundDel etedConf an existing conference has been removed  remove conference from local
environment and generate a
deleteConfApproved event
deleteConfApproved approval of a conference deletion none (can use to update interface)
foundNewUser anew user has been added to a conference add user to the local environment and

generate a newUserApproved event

newUserApproved approval of anew user none (can use to update interface)

foundDeletedUser auser has left a conference remove user from local environment
and generate a deleteUserApproved
event

deleteUserApproved approval of auser deletion none (can use to update interface)

lastUserL eftConf the last user in a conference has | eft none (session manager may choose to
delete conference)

conferenceDied a conference process we created has tell the registrar to delete the local user

terminated from the conference
userRequestNewConf user asked for anew conference create the requested conference

Table 2. Session Management events and handlers.

7. Discussion

We began this paper by claiming that a developer using awell-designed toolkit should find it only slightly harder
to program groupware than equivalent single user systems. To see how GroupKit fared in this test, we took the
groupware applications that we had built, and measured their complexity in terms of lines of code. Their names,
length, and brief descriptions are tabulated in Table 3. Comments, blank lines, and help documentation (used by
GroupKit's on-line help widget) were removed from the count, leaving only the functional code.

What is striking from the table is that all of the programs, even those with reasonable functionality, are remarkably
short, with the largest being around 300 lines long. Aswell, most took only afew hours to afew daysto build.
While programming brevity is partly due to the simplicity of building interfaces in the Tcl/Tk language, the point
isthat the groupware component of these programs did not increase their length unreasonably. Another telling
point is that the original GroupSketch and X/GroupSketch systems, built without a groupware toolkit, each took
about 3 months to program and were about 5000 lines long. The GroupKit version is only 300 lines, and took a few
days to code. Complexity decreased by more than an order of magnitude.

We aso talked to application programmers—ourselves, othersin our group, and external people who had
downloaded the software to their site. Most found GroupK:it relatively easy to learn, understand, and program.
When stumbling blocks did occur, they tended to bein the “single user” part of the application code. For example,
the developer of the Tetrominos game spent far more effort making Tk’ s canvas objects flip and rotate, than
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Name of Lines of Description

Application Code

Helloworld 10 Pressing a button changes its contents on all screensto display the
person who pressed it (Figure 5).

Simple 30 A minimalist mutiuser sketchpad that |ets people sketch simultaneously;
Sketchpad includes telepointers.
GroupSketch 311 A stroke-based sketchpad that includes: tel epointers drawing, erasing,

moving of lines, setting of line colors and thicknesses, and saving /
restoring of imagesto files. (Figure 3)

FileViewer 51 A relaxed WY SIWIS file viewer, with multiuser scrollbars, plus the
ability to load files into view (Figure 4)

Minimalist 19 A relaxed WY SIWIS brainstorming facility for anonymous entry of

Brainstorm ideasinto alist.

Brainstormer 82 An enhanced version of the tool above, with multiuser scrollbars and

the ability to save and load ideas to files (Figure 7).

Postlit 126 A facility for creating Post It notes, for sending them to selected
participants in a conference, and for receiving notes (Figure 2).

TextChat 140 A multipoint text-based chat facility. The version measured is slightly
simpler than the one shown in Figure 8, asit excludes the ability to
make custom text phrases.

Tic Tac Toe 152 A replicaof the Tic Tac Toe system built in the Rendezvous toolkit (Hill
et al 1994). Players are assigned the roles of X, O or observer, whose
semantics are enforced by the system; the board can be on different
locations on different screens, and visual feedback of aplayer’s
movement is provided.

Hyper 213 An object-based drawing package that lets people create circles and link
them with arrows. Arrow links are maintained by constraints when
circles are repositioned.

Table 3. The length of sample groupware applications built in GroupKit.

making them group-aware. As another example, a group in Germany had created a multi-user text editor with
turn-taking; about two-fifths of this 500 line program involved creating single-user controls for setting the local
font and text colour of the editor.

Application programmers also found GroupKit's programming abstractions straightforward. GroupKit widgets are
incorporated into the interface in the same programming style of single user widgets, and multicast RPCs are a
natural extension of the way normal callbacks are used. In fact, several single-user programs written in Tk were
transformed into a partially group-aware versions by prefixing their callbacks with gk _toal1. For example,
TkSol, athousand-line single user solitaire game, was converted to a partially group-aware version by a student at
the University of Toronto. He modified 12 linesto include the gk_toa11 RPC, added 1 line to initialize GroupKit,
and added 2 lines for telepointers.

Another person had developed a single-user education system called TurboTurtle, a simulation environment of a
Newtonian microworld. A student experimented with the world by changing its properties (gravity, friction, etc.)
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and seeing how this changes the movement of a ball (the turtle). We challenged him to make TurboTurtle group
aware (Cockburn and Greenberg 1995). He writes of his experiences:

“1 was honestly stunned by the simplicity of making TurboTurtle group-aware with GroupKit. Prior to
actual coding, | was familiar with GroupKit's design infrastructure, and | was concerned that working
with it would require a multi-layered approach to group-awareness: demanding that some events be
communicated through the registrar, some through the conference application, and so on. Asit turned
out, my (the programmer's) interface to group-awareness facilities was highly "task-oriented" and
therefore natural. For example, | had a procedure named do_bounce in the single-user application; to
get everyone's replicated application to “do abounce” | simply appended gk_toall before the procedure
name. All the problems of handling the communications are happily entirely abstracted away from the
programmer. My experiences in adding dynamic updates of the system state for latecomersto a
TurboTurtle session were equally positive. Similarly so for relaxed WY SIWIS components of the system
For example, | wanted to et one user view the turtle's speed as a vector of speed and direction, while
another to view it as the x and y components of velocity: this particular facility required no change to the
origina code, because, by default, local changes are not propagated to other users.”

Mixed in with his praise is some criticism; some of the widgets (especially telepointers) were somewhat fragile,
and the groupware version of TurboTurtle performed quite a bit slower than the single user version. However, this
does not detract for the value of the programming abstractions used. He continues...

“For empirical evidence on the ease of using GroupKit, here'salog of my experience with modifying the
original 1000 lines (or there about) of TurboTurtle. Most group-awareness facilities were added to the
system in 2 days of scattered attention (probably atotal of 3 hourswork). The remaining facilities were
added over another 2 days, adding approximately 3 hours more. There are now atotal of 80 lines that
contain some element of GroupKit. Around 50 more lines were necessary to separate accessing avaue
(due to the local user moving a slider, say), from the transmission of the value using gk_toall. The
cognitive difficulty of reading the codeis probably higher, but not significantly so.”

Other people have commented favourably on GroupKit as arapid prototyping environment. In their evaluation of
groupware toolkits, Urnes and Nejabi (1994) say of GroupKit that “the combination of an interpreted language
together with good session management provided an invaluable tool for quick testing of ideas in a multi-user
setting.” Thisistruein our own experiences as well. The scripting language of Tcl/Tk together with the rapid
creation of groupware sessions keeps turnaround time for modifying and testing code quite short” .

While these are encouraging signs, programming with GroupKit’ s abstractions does not eliminate all groupware
complexity. The programmer must consider the interaction between the processes that are being co-ordinated by
multicast RPCs, events and shared environments; unconsidered side effects can cause the unexpected to happen.
Thereis also acraft to using GroupKit constructs effectively. Multicast RPCs usually demand that the programmer
consider what local actions should be taken and what variables should be set before the procedure and arguments
are multicast. Similarly, events and environments are at their best when conference applications are written in a
style similar to Smalltalk’ s model-view-controller (e.g., Krasner and Pope 1988), or Rendezvous' abstraction-link-
view model (Patterson 1991). If problems do occur, debugging can be hard because the interaction between
conference processes can be non deterministic and difficult to envisage.

In summary, the ideas in GroupKit work. Whileit is slightly harder to program groupware than single user
applications, the extra effort required is quite reasonable.

"Urnes and Nejabi (1994) evaluated an earlier version of GroupKit. On the downside, they noted that building relaxed
WY SIWIS systems in GroupKit was non-trivial. However, the version tested provided only multicast RPCs; we believe the
inclusion of environments as a means to separate the view from the data significantly eases this programming task.
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8. Rdated Work

This section will relate GroupKit to afew of the ideas found in other groupware toolkits. We warn that direct
comparison between groupware toolkits can be misleading, as many were built to address quite different problems
or were designed to emphasi se different aspects of groupware construction.

We begin by considering toolkits that differ substantially from GroupKit. First, many groupware toolkits address
quite different application domains. For example, the ConversationBuilder (Kaplan, Tolone, Bogia and Bignoli,
1992) and Strudel (Shepherd, Mayer and Kuchinsky 1990) are used for constructing speech act protocols. Oval is
used to build semi-structured messaging and information management systems (Malone, Lai and Fry 1992). Lotus
Notes, although not a programming toolkit, lets people develop and tailor awide variety of asynchronous
applications (Lotus Inc.). Second, even toolkits within the domain of real-time interaction handle different niche
problems. Shen and Dewan’s (1992) Suite toolkit applies only to highly structured text objects and investigates
how flexible access control mechanisms are incorporated into them. Knister and Prakesh’s (1990) DistEdit
provides groupware primitives that could be added to existing single user text editors to make them group aware.
DistView, produced by the same group, is oriented towards a mostly strict-WY SIWIS approach to sharing window
components and underlying data via an object replication scheme (Prakesh and Shim 1994). Smith and Rodden’s
(1993) SOL considers design features for making single user widgets shareable.

Examples of toolkits that do overlap somewhat with GroupKit are Rendezvous (Hill et al, 1994), Weasel (Graham
and Urnes 1992), ObjectWorld (Tou et al 1994), ShareKit (Jahn 1994),and Conference Toolkit (Bonfiglio et al
1989). Whileiit is beyond the scope of this paper to review these toolkits, GroupKit's relation to some of their more
prevalent ideas are described below.

Multicast RPCs. Several systems use multicast RPCs (discussed in Section 4.1) as its sole programming
abstraction. ShareKit uses C and the Unix RPC mechanism to build its multicast layer, and its programmers
must register a procedure and its argument formats as an RPC, and use specia keywordsto invoke them. In
contrast, GroupKit lets any procedure be executed as an RPC, which greatly minimizes housekeeping. The
Conference Toolkit uses arouting table to let devel opers specify the routing of data between application
instances. The equivalent control over routing is provided in GroupKit through itsgk_toothers and
gk_toUserNum cals. Unlike these toolkits, GroupKit provides other programming abstractions as well (e.g.,
events and environments), and programmers can intermix these styles according to application demands and
personal preferences.

Separating the view from the abstraction. Section 4.3 has already discussed how different views of an object can be
generated from the same data representation. In Rendezvous, programmers specify constraints (links) between
the abstraction and view (the ALV model, Patterson 1991), and the system automatically propagates any
changes between them. In Weasel, programmers use a special declarative language called RVL to specify the
relations between these two, how views are customized, and the co-ordination required. As mentioned,
GroupKit uses events and environments to co-ordinate views and environments, which probably involves more
housekeeping than either ALV or RVL. Again, unlike Rendezvous and Weasel, GroupKit provides other
programming abstractions (multicast RPCs) for greater programming flexibility.

Replicated objects. Groupware toolkits based upon object-oriented languages typically promote the idea of object
replication as their programming abstraction. For example, ObjectWorld gives application devel opers a specia
object called a shareable class. Objects that inherit from this class gain the ability to replicate themselves across
application instances, and acquire methods to send and receive messages between replicas. DistView uses a
somewhat similar approach to replicate data and views onto that data. Because GroupKit is not object-oriented,
it cannot do object replication. We believe replicated objects are a useful programming abstraction and have
even built a Small Talk-based version of GroupKit called Gen. However, it istoo early to tell if replicated objects
should replace the other programming abstractions, or just co-exist with them.

Concurrency control in replicated architectures. Because replicated architectures are distributed systems,
consistency maintenance between replicas can be a problem. Several toolkits include some ability to handle
concurrency. ShareKit, for example, |lets programmers acquire and release locks, which can then be used to
synchronize actions. DistEdit uses atomic broadcasts. ObjectWorld' s shareable object have the ability to detect
messages that have arrived out of order, and alow programmers to do non-optimistic locking. GroupKit

Building real time groupware with GroupKit -22- Roseman and Greenberg, April 1995



currently does not have concurrency control (although earlier versions did). We believe that no one concurrency
control approach worksin groupware (Greenberg and Marwood 1994), and we are now re-designing
environments so programmers can specify the type of concurrency control they want (e.g., optimistic and non-
optimistic locking, serialization, etc.).

Centralized architectures. Some toolkits, notably Rendezvous, use a centralized architecture. This greatly
simplifies and even eliminates problems that crop up in replicated systems. These include making sure all sites
has an up to date copy of the software, and concurrency control. The cost paid for centralization is performance,
as the processor becomes the bottleneck when dealing with simultaneous update of many displays. Most other
toolkits use some form of replicated architecture, although centralized components may be present (such as
GroupKit's Registrar).

Session management. Most toolkits provide only rudimentary and hard-wired session management facilities. There
have been afew investigations into architectures for flexible session management e.g., Intermezzo (Edwards
1994), but these are not really groupware toolkits. Excepting GroupKit, we are not aware of any other toolkit
that lets programmers build both applications and session managers.

Interface Widgets. While many stand-alone and toolkit-based groupware applications contain ideas that could
influence widgets, only afew systems have developed them as reusable multi-user widgets. Smith and Rodden’s
(1993) “shared interface object layer” SOL is a notable exception (although it is an architectural layer rather
than atoolkit). They considered how shareable versions of single-user widgets such as buttons and text entry
fields can be created. Like Shen and Dewan (1992), they concentrated on providing a set of generic access
control mechanisms that determine what people could do with these shareable objects. Settable optionsinclude
who can see it, who can use it, who can move it, and so on. While this kind of capability could (and should) be
added to GroupKit, our research interest is towards designing quite different widgets that support particular
aspects of group work.

The list aboveis not complete. For example, toolkit comparisons could have been made contrasting the support
provided for: security, privacy and access control; robustness, fault tolerance and performance; capabilities for
particular application domains and interface situations; portability and familiarity of the underlying platform and
programming language; debugging support; provisions of interface builders, and so on.

Virtualy all toolkits, including GroupKit, are incapable of handling all these features. Most are just prototypes
used to explore different ideas, abstractions and architectures. As aresult, we do not consider any one toolkit better
or worse than another, as it depends upon what the evaluator islooking for. The current set of toolkits are best
considered as “breakthrough” systems that will influence the next generation of toolkits.

9. Summary

This paper presented an overview of GroupKit, highlighting its key features. Its runtime infrastructure
automatically manages the creation, interconnection, and communications of the distributed processes that
comprise conference sessions. Its programming abstractions allow devel opersto control the behaviour of
distributed processes, to take action on state changes, and to share relevant data. Its set of easy-to-add groupware
widgets encapsul ate information valuable to conference participants. Its session managers are decoupled from
groupware applications and are built by developers to accommodate the group’ s working style. Examples of both
code and GroupKit applications were used to illustrate these features, and to show that the effort required to build
groupware using the toolkit is quite reasonable.

While we believe that we are well on the way to understanding what toolkits should provide to groupware
programmers, there is still much left to do in GroupKit. In our original paper on GroupKit (Roseman and
Greenberg 1992), we listed a variety of requirements from both the user centered, and programmer centered point
of view. Some of these remain unimplemented. For example, we still believe that the toolkit should be integrated
with other communication channels, such as conventional voice lines (telephones) and video. It should also allow,
or at |least be capable of invoking, a system for sharing conventional single-user software. The toolkit should
present all its capabilities, such as its widgets, its data objects and its graphical objects, as fully group-aware
structures; the programmer should not have to waste time co-ercing single user structures into multi-user ones. The
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toolkit should allow groupware sessions to go beyond the real -time barrier; we should be able to configure
electronic meetings and who should be in them ahead of time, and have the meeting artifacts persist beyond a
single session (O’ Grady and Greenberg 1994). Aside from our own ideas, there are also the many appealing
features of the other toolkits described in Section 8.

Because there is too much to do, we are now concentrating on only three major research directions. First, we are
continuing our work on widgets, particularly those that support group awareness (Gutwin and Greenberg 1995).
We define this as the up-to-the minute knowledge of other people’ s activities that is required for an individual to
co-ordinate and complete their part of a group task. We have developed a preliminary framework that categorizes
awareness in terms of how closely users are working together on atask (same or different) and on the view (strict
vs. relaxed WY SIWIS), and we have also invented a few prototype widgets that go beyond those illustrated in
Section 5. Second, we are investigating alternate metaphors for session management, and whether they can be built
easily within GroupKit (Roseman and Greenberg 1994). Example metaphorsinclude: allowing peopleto call one
another; supporting awareness of whose around in the community; and persistent conferences that span severa
working sessions. We have aready built an experimental version of GroupKit that provides primitives for
persistent sessions and awareness. Third, we are refining our programming abstractions, particular GroupKit's
events and environments. We would like to make them even simpler, and are using them to experiment with
concurrency control mechanisms (Greenberg and Marwood 1994).

Groupware toolkits still have along way to go to catch up to their single-user counterparts. We look forward to the
day when all toolkits, perhaps influenced by GroupKit and othersin its genre, will incorporate multi-user features.
When that day comes, the artificial distinction between constructing single and collaborative systems will

disappear.

Availability.

GroupKit is available via anonymous ftp. The release contains all the software, installation instructions, example
conference applications and session managers, manual pages, and tutorial documentation. A world wide web page
also documents the system and work in progress, and a mailing list links the community at large.

site: ftp.cpsc.ucalgary.ca
directory: pub/projects/groupl ab/software.
http: http://www.cpsc.ucal gary.ca/projects/groupl ab/home.html

mailing list: groupkit-users@cpsc.ucalgary.ca

Caveat. GroupKit is not acommercial product. Its features are not as complete as we would like them to be; bugs
appear on occasion, and it can suffer performance problemsin certain environments. Although we do not
recommend it as acommercial platform, it isan excellent tool for CSCW researchers who wish to examine and
extend the ideas presented in this paper, for educators who want to give learners hands on experience with
groupware and its development, and for communities of curious users who wish to experiment with groupware
applications. GroupKit is agood choice for researchers and devel opers who are prototyping and testing groupware
systems, components, and widgets.
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