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i he rapid growth of computer networks and client/server computing has fo-
H cused much attention on the development of groupware — computer soft-
%4 ware that supports cooperative work. In the past several years prototypes
and commercial products have been developed in many areas, such as group writing
{a group of writers simultaneously writing and editing a document), electronic meet-
ings (group participants discussing issues or making decisions electronically), workflow
management (managing electronic documents and dataflows among agents), and
group scheduling {scheduling group activities based on group members’ individual
-timetables).!* Groupware differs from traditional software in that it allows a group of
people to work together electronically, requires a distributed hardware environment
{networked personal computers or workstations), and utilizes client/server comput-
ing to facilitate information sharing, dissemination, routing, and user interaction.
However, the traditional two-tiered client/server architecture for distributed com-
Because group puting is inadequate in a multitasking group environment because coordination in this
. . . case must take into consideration not only the interactions within an application, but
mllltl’[aSkIIlg involves also the interactions across multiple applications. When designing such systems,
interactions within and thf:ref_orc, we must differentiate the cocgrdi:.lation functions spfeciﬁc to a particular ap-
plication from those shared by all applications. In the following, we present a three-
across applications , layer architecture that extends the client/server architecture to include a groupware

this article sugges ts a server, application servers, and applicaticn clients.
three-tiered:
architecture that
includes a groupware

Groupware coordination

As currently conceived, a groupware system includes two major modutes: (1) a
computation module that processes individual activities, and (2) a coordination mod-

s Server aPPhC ation ule that “binds separate activities into an ensemble.” Since group work involves mul-
! . tiple agents conducting different activities concurrently, task coordination hc}s a crit-
SEervers, and clients. ical impact on group productivity.
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The meaning of “coordination™ may
vary in different situations. Broadly
speaking, it means “the integraticn and
harmonious adjustment of individual
work efforts toward the accomplishment
ofalarger goal.”! This interpretation can
be further decomposed into more de-
tailed issues such as how can the overall
goal be divided into actions? How can ac-
tions be assigned to groups or to individ-
ual actors? How can resources be allo-
cated among different actors? How can
information be shared among different
actors to achieve the overall goal??

In designing computer-based systems
for cooperative work, coordination refers
to the management of interdependencies
and interactions among some set of
agents performing a collective activity
through computers.® Here, “manage-
ment” includes creation, communication,
synchronization, and contro! of processes
and activities. The complexity and im-
portance of coordination are functions of
system types and group size.

Groupware can be classified into four
categories based on two dimensions: syn-
chronous or asynchronous and single-
tasking or multitasking. Single-tasking
systems let a group work on a single task
at a time, whereas multitasking systems
allow participants to work on different
tasks. In general, coordination require-
ments and complexity are higher for syn-
chronous and multitasking applications.

In this article, we examine the prob-
lems involved in coordinating group ac-
tivities and present a useful mechanism
for coordinating multipie tasks in a group
computing environment. We start by
identifying the key components and co-
ordination needs of various types of
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groupware. We then propose a three-
layer architecture for coordinating mul-
tiple tasks in a group decision environ-
ment. Finally, we present a prototype
implementation of our DEEDS (Dis-
tributed Environment for Electronic De-
cision Support) coordination mechanism.
The system currently supports three
group applications (On-line Talk. Group
Paint, and Electronic Meeting) that can
be used simuitaneously in a Microsoft
Windows-based environment.

Coordination
requirements

In a group computing environment,
the many possible cooperative endeav-
ors make it necessary to coordinate all
activities, including message direction,
process control, consistency checking,
conflict resolution, and version control,
Previous research has identified certain
coordination requirements in different
contexts. For instance, Greif and Sarin
discussed requirements for coordinated
use of databases in groupware.” Harri-
son, Ossher, and Sweeney emphasized
the importance of maintaining consis-
tency in concurrent development.® Lun
and MacLeod claimed that real-time in-
teractive systems must support agent di-
alogue and agent interaction.” Agent di-
alogue includes queries, requests, and
complaints that let users share messages
to increase their knowledge. Agent in-
teraction includes negotiation, synchro-
nization, and choices that support ongo-
ing concurrent user activities. Patterson
and Meeks suggested that a synchronous

multivser  application must  provide
shared flexible control, sound session
management, and successiul perfor-
mance of aclivities.'!

The complexity of coordination is af-
l[ected by several lactors including the na-
ture of applications, the working envi-
ronment, agent interaction, artifact
control, the nature of tools, and mainte-
nance requirements. Let's look at these
coordination issues individually.

Nature of application. Different group-
ware applications have different coordi-
nation needs and can be categorized in
several ways. The most significant factor
in coordination complexity is whether the
application requires real-time interac-
tion. For example, a synchronous, real-
time conversation system is more diffi-
cult to coordinate than an asynchronous
workflow system sending electronic doc-
uments based on predetermined flow
models, because the former has to handle
complicated concurrency control and
conflict resolution.

We can also classify groupware appli-
cations by their major functions: com-
munication, collaboration, and group de-
cision making. The core function of
communication-orienied applications,
such as on-line talk or workflow man-
agement, is to provide a channel through
which messages can be passed correctly.
Communication coordination require-

ments, as shown in Table 1, include the .

proper handling of message routing, ac-
tivity sequencing, and access control.
Collaborative work, such as jointly de-
signing a diagram or writing a paper, is
different from communication-oriented
tasks in that a group of users work coop-
eratively on a tangible object to complete

a task. In group writing, for example,

each user may write part of an article, but
the combination of all users’ work be-
comes a complete paper. Coordination
in this case requires version control, con-
sistency checking, and concurrency con-
trol, in addiiion to the aforementioned
message routing, activity sequencing, and
access control.

Decision-oriented groupware, or
group decision support systems {GDSS),
supports decision making by a group of
people working together to choose
among alternatives. The most well-
known GDSS is the electronic meeting
system developed at the University of
Arizona.® Group decision-making sys-
tems differ from communication systems
in that they support idea generation and
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allernalive selection. They also differ
rom collaboration in that the resull gen-
eraled [rom the group may not be the di-
rect combination of individual works. IFor
instance, only one alternative may cven-
tually be chosen by the group, even il sys-
tem users have generated more than a
hundred. The coordination requirements
are similar for GDSS and collaboration
systems, though their actual mechanisms
and complexities may differ.

Working environment, Two aspects of
the working environment aflzct group-
ware coordination: (1) whether it isa sin-
gle-tasking or a multitasking environ-
ment, and (2) whether individual control
of the working environment is allowed.
In a single-tasking environment, such as
an electronic meeting system or a work-
flow systemn, the coordination mechanism
must take care of the requirements spe-
cific to the application only. In other
words, coordination is limited to activi-
ties within a particular application.

In a multitasking environment, the sys-
tem must support the multiple require-
ments of different applications. For in-
stance, DEEDS supports three different
types of applications: Talk (a communi-
cation-based application), Group Paint
(a collaboration-oriented application),
and Electronic Meeting (& group deci-
sion-making system). Each participant
can use any of these applications at any
time. Coardination involves not only ac-
tivity coordination within an application,
but also activity coordination across ap-
plication borders.

The second coordination issue is to
what extent users can customize their
working environments. A tailored envi-
ronment should give users a number of
options, ranging from selection of win-
dow colors to choice of computing plat-
form. An environment allowing several
computing platforms to work together
definitely needs a more complex coordi-
nation mechanism than one that only lets
the user change screen colors.

Agent interaction. Since coordinaticn
involves harmonizing multiple activities,
the way agents interact also affects re-
quirements. In the multitasking group
environment, every participant can join
several groups having many participants.
Therefore, agent interaction comprises
five different types: (1) individual to in-
dividual, (2} individual to group, (3) in-
dividual to all, (4) group to group, and
(5) group to all. Here, group refers to
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Table 1. Coordination requirements of different applications.

Type of Applications

Coordination Necds

Communication

Collaboration and
Group decision making

Routing, sequencing, access control

Routing, sequencing, access control, version
control, consistency checking, concurrency
control

Table 2, Coordination issues associated with artifacts.

Issue

Description

Privilege management
Acrtifact management

Consistency control

Whether a user can create, modify, or

delete an artifact.

How to define, store, manipulate {such as
overlapping artifacts), and retrieve artifacts,
How to ensure that all users receive the same

version,

Modification propagation Where and how soon medifications should be
propagated.

Concurrency control Locking or other mechanisms for concurrency
control.

the participants working on the same
task (such as drawing a graph), whereas
all means all users signing onto the
groupware environment (which may in-
clude more than one group).

In addition to interaction type, we
must consider participant relationship. In
a group decision environment, at least
two kinds of relationships exist: hierar-
chical and peer-to-peer. The major fea-
ture of a hierarchical group is that cer-
tain members, such as the classroom
instructor or the company manager, have
kigher authority than others in the group.
Coordination mechanisms in this case
must differentiate supervisors from sub-
ordinates and give them different priori-
ties. The peer-to-peer group assumes that
all participants are equal,

The thirdaspect of agent interaction
concerns the relationship between par-
ticipants and the application program.
The coordination mechanism must be
able ta resolve certain questions: {1) Can
a participant join or withdraw freely? (2}
Is there an upper limit on the number of
participants? (3) Can a participant be
forced out? and (4) Are there time or
other constraints on system usage?

Artifact control. Artifacts are objects
upon which the participants work. In

group writing, for instance, the document
coauthored by participants is the artifact.
The coordination issues associated with
artifacts include artifact management,
user privilege management, consistency
control, modification propagation, and
concurrency control. They are briefly de-
scribed in Table 2.

Application tools. Different applica-
tions may use different tools that require
different coordination mechanisms. For
example, it may be necessary to lock data
records so that a particular alternative
can be edited when the brainstorming
tool is used in an electronic meeting sys-
tem. This becomes unnecessary when the
voting tool is used because users do not
need to access the same file or document.
The following three relationships are crit-
ical to the coordination requirements as-
sociated with application tools:

(1) Tool to participants: Who can use
which tools?

{2) Tool to working environment; What
tools are appropriate {or applica-
tions in a certain environment? How
can tools be adapted to a different
environment?

(3) Tool to artifact: Which tools have
been used to work on what artifacts?
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Figurce 1. The tradi-
tional fwo-layer
client-server
architeciure for
distritmted comput-
ing is inadequate

in a maltitasking
group environment,
An extension to

three layers, us
shown right, is more
feasible.

ObjectWin

C++

Windows

A '.-TCP/'P

Figure 2. The DEEDS development
environment allows for the addition of
new groupware applications because
new applications can inherit common
coordination functions from the group-
ware kernel,

System maintenance. System mainte-
nance refers to operations required for
smooth operation of the system and in-
cludes data recovery, data back-up, and
so on. It is also important that data accu-
racy and currency be maintained while
the system interacts with a group of par-
ticipants.

A three-layer
architecture for
task coordination

The traditional client/server architec-
tere for distributed computing includes
two layers: a client layer and a server layer,
System functions specific to the user ap-
plication, such as user interface modules,
are allocated to the client, whereas func-
tions involving user interaction or general-
to-multiple applications are allocated to
the server. This is inadequate in a multi-
tasking group environment because coor-
dination in this case must take into con-
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sideration not only interactions within an
application, but also interactions across
multiple applications, When designing
such systems, therefore, we must ditfer-
entiate the coordination functions specific
to a particular application from those
shared by all applications. In this section,
we present a three-layer architecture that
extends the client/server architeciure
to three levels: a groupware server, appli-
cation servers, and application clients,
Figure 1 illustrates their relationships.

Groupware server. The groupware
server’s primary objective is to provide
the coordination functions necessary for
all groupware applications. It maintains
the basic communication functions such
as message routing and sequencing, as
well as user management functions such
as adding or deleting users. For message
routing, the server keeps track of which
application is running and the location of
each application server and its clients so
that messages can be delivered to the cor-
rect destination. For user management,
the grouzpware server maintains user pro-
files and privileges for all applications. It
also controls access to applications. The
major advantage of adding this leval is
that it takes care of common, domain-
independent functions, which allows more
flexibility to the other two levels in han-
dling demain-specific coordination needs.

When a user signs on to the system. the
groupware server checks whether the
user is authorized to enter and, if so,
which applicaiions the user can access. If
the user asks to join an ongoing electronic
meeting, the groupware server chacks
whether the user has that privilege and
then informs the electronic mesting
server {an application server} of the
user’s request. The meeting server then
decides whether the user is acceptable,
and this decision is passed on to the user.

Application server. An application
server is a system that takes care of coor-
dination and other needs associated with

the execulion of o particular application,
[Lis huilt on top of the groupware server.,
Each application in a mullitasking envi-
ronmenl must have an application
server, For example, a group painting
system may need a mechanism that par-
litions the painting area into several sub-
arcas and then integrates individual
users” contributions into a complete
work. Since this partition mechanism is
unigue to Group Paint, it is more appro-
priately implemented and maintained by
the Group Paint application server, Sim-
ilarly, a polling mechanism that allows
ballots to be disseminated and collected
is suitable for the Electronic Meeting
server but may not be uselul for work-
flow or Group Paint. The major respon-
sibilities of an application server include

(1) controlling access to application
tools,

(2) performing version control,

(3) checking consistency to'ensure that
changes are properiy recorded and
propagated, and

(4) controlling concurrency and resolv-
ing conflicts in real-time applications.

Client. The layer on top of the applica-
tion server is called the client. Its main role
is to provide user interfaces and applica-
tion tools so that various activities can be
performed. For example, Group Paint
needs drawing tools such as pen, brush,
shapes, and eraser. All of these are pro-
vided at the client layer. The voting and
group decision tools are sample client func-
tions of the Electronic Meeting system.

DEEDS: A prototype

DEEDS is a prototype distributed mul-
titasking environment that demonstrates
the feasibility of the three-layer architec-
ture. The system was implemented in the
Microsoft Windows environment, using
Borland C++ and the WinSocket library
as development tools. Since applications
can be classified into communication, col-
laboration, and group decision making,
we chose one typical application from
each category: On-line Talk for commu-
nication, Group Paint for collaboration,
and Electronic Meeting for group deci-
sion making. Figure 2 illustrates the de-
velopment environment of DEEDS.

Asshownin Figure 2, DEEDS uses the
TCP/IP protocol for network communi-
cation. TCP/IP was chosen for two rea-
sons: (1) It supports communication on
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Figure 3. Three subsystems constitute the application func-
tions of DEEDS. One of them, Electronic Meeting, provides

tools for group decision making,

both local area networks and wide area
networks, and (2) it is a standard not
bound to a particular vendaor. On top of
TCP/IP, the application system is built in
the Microsoft Windows environment.
Windows was chosen primarily for its
popularity and its support of multiple
windows.
The application system comprises a
groupware kernel and several applica-
» tion modules. The groupware kernel in-
- cludes the necessary functions for com-
munication and session control. The
application modules include the applica-
tion-specific functions of Talk, Group
Paint, and Electronic Meeting. The

whole program is object oriented to in- .

crease module reusability. We can easily
add new groupware applications, such as
a group editor or a scheduler, because
new applications can inherit common co-
ordination functions from the groupware
kernel. Programmers need only write the
application-specific portion.

Acpplication functions. The application
functions of DEEDS belong to its three
subsystems: Talk, Group Paint, and Elec-
tronic Meeting. Figure 3 shows the major
components.

Talk is an on-line communication tool
that lets users exchange messages with
individual users, a user group, or all sys-
tem users. This provides an ad hoc com-
munication channel for meeting partici-
pants or group designers using other
tools.

Group Paint is the group version of the
popular Paintbrush program. It includes
- - regular Paintbrush functions such as pen,
brush, eraser, spray, alphabetical letters,
line drawing, and shape drawings such as
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circles and squares. But in addition to in-
dividual usage, Group Paint allows a
group of users to draw cooperatively.
Electronic Meeting consists of tools for
idea generation, idea evaluation, and re-
sult presentation. We use brainwriting as
an idea generation tool through which a
group of participants can enter their
ideas. Every participant sees his/her own
ideas as wellas the ideas entered by other
group members. All ideas are organized
into a tree to show their relationships.
Figure 4 shows the result of a sample
idea generation session for purchasing a
car. Four alternatives have been pro-
posed: BMW, Volvo, Mercedes Benz,
and Porsche. In the idea generation ses-
sion, participants can enter their ideas
into any node of the tree. They may also
move nodes and expand the tree, The
bottom third of the screen shows a Talk
session running during the meeting. The

chair of the electronic meeting uses Talk
to inform participants that the discussion
is about buying a car.

Once enough ideas have been gener-
ated, the meeting chair can stop the
brainwriting and request idea evaluation
and decision making. DEEDS’s idea
evaluation tools include idea comment-
ing, voting, ranking, point allocation, and
multicriteria decision tools (Figure 3).
The chair chooses a tool and drags the
tool icon from the toolbox to the alter-
natives just generated. If the chair acti-
vates the voting tool, for example, bal-
lots will be created and elecironically
mailed to all eligible participants. Partic-
ipants vote for the alternatives they sup-
port; the results are sent to the meeting
chair, tabulated by the voting tool, and
then displayed in tables, bar charts, or pie
charts. Figure 5 shows sample voting re-
sults displayed in a bar chart.
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Figure 6. In Group Paint, each user works in a separate
workspace but can view the workspaces of others.

Task coordination. Task coordination
in DEEDS follows the three-layer archi-
tecture. The groupware server conducts
most of the interapplication coordination,
We defined application protocols to iden-
tify each application so that the group-
ware server knows the applications with
which a particular message is affiliated.

Intra-application coordination is con-
ducted by the application server. Since
different applications have different co-
ordination needs, application server com-
plexity also varies. For exampie, Talk of-
fers tools only for receiving and sending
text, and the primary function of its server
is sequencing all messages properly.

Coordination in Group Paint is more
complicated. For instance, multiple users
may want to work on the same area,
which would result in a conflict. A user
may want to delete an object created by
another user or add an object on top of
an existing object created by someone
else. In other words, the application server
must manage space allocation, object
ownership, and user privilege.

Group Paint uses a workspace-based
approach to handle coordination at the
application server. Simply put, the appli-
cation server assigns an empty workspace
to every user who signs on to the system.
The user has full rights of the workspace,
including read, write, delete, and modify.
The user can view the workspaces of
other participants but cannot write,
delete, or modify objects in those
workspaces without authorization from
the owner, This reduces the coordination
complexity.

When the results of a joint effort need
to be seen, a user can combine all users’
work flexibly. Workspaces can be over-
laid to show the combined effect. For ex-
ample, Figure 6 indicates that two users
are using Group Paint to design a picture.
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Figure 7. The results of activity in the two user workspaces
of Figure 6 are combined in a screen overlay,

Figure 8. A series
of state transitions
oceur at the client
site when a user
joins or initiates a
conference. Aftera
user is recognized
and accepted, the
client system enters
states 5, 6, and 7 to
process activity
commands.

User 1 draws a table, a box, and a drawer
in workspace one. User 2 draws a closet
and a watch in workspace two. Figure 7
shows the resulting screen overlay com-
bining these two workspaces.

The coordination in Electronic Meet-
ing is the most complicated of the three
applications. Sometimes, human inter-
ruption may be necessary. For example.
when the electronic meeting moves from
one stage into another, the chair needs
to communicate with the participants 1o
ensure that they follow the meeting.
When erough ideas have been collected
and a vote is requested, the chair must
stop idea generation and initiate voting.
These stage-switching activities must be
handled by humans.

Since most coordination needs are

handled by the servers, the design of
client programs becomes simple in
DEEDS. Figure 8 shows the state transi-
tion diagram of the activities performed
at the client site. First, the user requests
to sign on to DEEDS, This brings the sys-
tem to state 2, where it waits for a re-
sponse from the groupware server. If the
user is legal, the system enters state 3 to
choose applications. The user may ask to
initiate a new conference or to join an ex-
isting conference. This request initiates
state 4. The groupware server checks
whether it is legal for the user tocreate a
new conference or join an existing one. If
it is, the client system enters states 5, 6,
and 7 to process activity commands. Af-
ter finishing the work, the user withdraws
from the conference. This brings the user
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Lo stute 8, which is essentially the same
asstate 2, allowing the user ta join a new
pplication or leave the system.

he compuling environment has

evolved from single-tasking to

multitasking and [rom stand-
alone machines 1o networked machines.
Computing in a distributed environment
lor multitasked eooperative work is a
promising area that presents many coor-
dination issues. Our prototype system im-
plements a three-layer architecture to
provide greater control and flexibility in
the distributed multitasking environ-
ment. The architecture can be further re-
fined to provide more flexible control of
activities. More applications, such as
aroup calendaring and participative de-
sign can also be studied to find their id-
iosyncratic coordination needs and to
claborate the division of labor among dif-
ferent servers and clients. W
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