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Abstract — Traditional computer applications have
been designed to be run by one user at a time who does
some work in a single medium, such as ASCII text,
and very little regard has been given to the fact that
people often work together. With the recent develop-
ment of computer networks and the widespread deploy-
ment of networked workstations, automating the group
writing process for geographically distributed users has
become feasible. In this paper, a software package
which supports distributed, real-time, multimedia col-
laborative work, known as the Distributed Collabora-
tive Writing Aid (DCWA), is described. The DCWA
has five major parts but the emphasis of this paper is
on the DCWA’s distributed database, which is crucial
to making the entire system work together both logi-
cally and consistently. The database is a specialized,
distributed system based on the client-server model im-
plemented in C++ running under 4.3BSD Uniz and
provides dynamic management capabilities unique for
a multimedia collaborative working environment.

1 Introduction

Computers are now familiar tools at work and
at home and are increasingly influencing the way
in which people interact due to recent advances in
communication networks. Electronic mail, bulletin
boards, newsgroups, distributed file systems, group
schedulers, video conferencing, file transfer protocol
(FTP), and “talk” services are but a few examples
of computer-supported interactions. However, using
computers to enhance people’s communication capa-
bility has made some of the current limitations of the
technology very noticeable. In particular, traditional
computer applications have been designed to be run
by one user at a time who does some work in a single
medium, such as ASCII text. Very little regard has
been given to the fact that people often work together
and even the scientific study of human-computer inter-
action (HCI) has emphasized the exploration of issues

when only a single user interacts with a computer [1].

Since modern technology is complex, it is unusual
for an individual to tackle the design of a major
project single-handedly and usually a team is assigned
to work on the project. Today it is not uncommon for
documents to include contributions from many people
though usually one person is responsible for collecting
the various parts and merging them together to form
the (hopefully coherent) final set of documents [2].
In addition, single-user computer applications create
barriers to group collaboration and they are normally
used only passively by the group to store, retrieve,
and present data. If group members need to work on
the same item, for example a document, in most cases
they must work in an interleaved fashion to prevent
inconsistency. This method, however, means that all
the other members are prevented from working on the
document until the person is finished, even if their
contribution is in a different section of the document.
This method is clearly inefficient and as the need for
improving productivity continues to grow, new tech-
nologies must be developed to provide active support
for a team and overcome any geographical distribution
of the team members [3].

There is thus a growing interest in a new genera-
tion of multi-user computer applications which assist
groups of people working together, supporting collab-
oration even if the team members are geographically
distributed. These new tools have been grouped to-
gether under the name of Computer-Supported Co-
operative Work (CSCW) [4, 5, 6, 7]. The collection
of hardware and software which supports CSCW is
also known as groupware [8]. In the past, central-
ized groupware on both mainframes and PCs was ex-
plored as a means for achieving office automation [9]
but now the focus has been shifted to the development
of distributed, networked groupware for CSCW [9].
“Groupware” is also meant to be a more technically
oriented label to differentiate it from “group-oriented”
products, which are simply add-ons to single-user
products so that groups of people may work together
using these more traditional applications [1].

Another existing limitation to users has been the
reliance on applications which support only one type
of information medium. Thus a new field has emerged
over the past few years known as multimedia. Mul-
timedia applications allow the user to manipulate in-



formation in such diverse media as traditional ASCII
text, graphical text, graphics, still images, and au-
dio and video communication. The main reason for
the growing interest in multimedia systems has been
the rapid development of networking technology and
with the completion of a Broadband Integrated Ser-
vices Digital Network (B-ISDN) based on fiber optics,
larger amounts of all kinds of data (such as text, au-
dio and video) may be transmitted through a single
channel efficiently and cheaply [10] as compared to
the networks of just a few years ago.

This report introduces a tool known as the Dis-
tributed Collaborative Writing Aid (DCWA) which
was developed to provide multimedia CSCW on work-
stations connected to the Internet and running the
UNIX operating system. The DCWA can help users
cooperate on any writing task (such as programming,
report writing, note taking, etc.) logically, conve-
niently, and efficiently. The coding of the DCWA has
been divided into five major parts and this report’s
emphasis will be on the DCWA’s distributed database,
which is crucial to making the entire system work to-
gether both logically and consistently. The next sec-
tion explores the features of some related systems and
then compares and contrasts the DCWA with them.

The paper is organized as follows. In the next sec-
tion, an overview of research on CSCW in general and
its database subsystems in particular is provided, then
we describe the design of the new database system for
the DCWA in Section 3. The implementation issues
are briefly discussed in Section 4. In Sectionb, we pro-
vide examples to demonstrate the capability of the
system. Section 6 concludes the paper and discusses
future work.

2 Literature Review

Groupware for geographically distributed users is
usually based upon an architecture that allows mul-
tiple processes to communicate with each other [11].
Therefore, a fundamental requirement for CSCW 1s
the provision for message exchange among the partic-
ipants and it has been suggested that messages should
be organized in a structured way to achieve efficiency
[12]. That is, protocols must be designed to discrim-
inate between cooperation information and messages
of little relevance, e.g., the cognitive filtering in In-
formation Lens [13] and the semi-automatic agents in
Object Lens [14]. A second fundamental requirement
is the provision of mechanisms for information sharing
and cooperation [15]. It has been argued that infor-
mation to be used in cooperative work needs to be
taken out of the limit of a “personal wall”, thus all
Fse]rs should have common access to all information
16].

2.1 The Group Collaboration Process

The group process may be divided into those behav-
iors (called task behaviors) which are aimed at achiev-
ing the group’s task and those behaviors (called main-
tenance behaviors) which are aimed at maintaining the
group as a cohesive unit. These two types of behav-
lor are antagonistic and the group process usually in-
volves both of them as progress is made towards the

goal. Using the current computing technology, these
two processes are modeled by data flow and control
flow in the CSCW system. Some researchers argue
that groupware should also impose social models of
interaction on the group. Others argue that social
protocols should be determined by the group members
independent of the CSCW system, and still others ar-
gue that a middle ground must be taken [11].

2.2 Multimedia and Its Solution

A salient characteristic of interactive, multimedia
documents is the notion of supporting “nonsequential
viewing”, as well as “nonsequential authoring.” As
the consequence, there is not a predefined order in
which the different segments of the document should
be accessed. One solution of nonsequential document
structure is to manage a collection of nodes and links
[17]. In essence, the heterogeneous media are accessed
via an homogeneous linking mechanism [2].

2.3 Database Systems for CSCW

The main challenges associated with designing a
database for CSCW are:

e Implementing the partitioning method which will
break the documents into manageable sections.

e Maintaining this partitioned structure as changes
are made by each user.

e Updating the master copy as needed.

e Determining if two users are trying to modify the
same section.

In traditional database systems, the information re-
trieval is primarily based on the notion of keys. How-
ever, these keys are static and may be extremely stan-
dardized or so personal that they are useless to all
members of the group except for their creator [2].
Also, concurrency control (needed to mediate access
to any sharable objects) is usually achieved through
simple locking, though other systems use transaction
mechanisms [11]. Floor control or a turn-taking mech-
anism is another way of providing access control to the
shared objects. It has been recommended that sys-
tems support many such floor control policies so as to
suit the various users’ needs [11].

Until recently, most multimedia objects have been
stored in files by using “document management sys-
tems” to store the documents’ index and attribute in-
formation, where one of the attributes indicates the
physical location of the file. However, these systems
usually keep journal files to provide for recovery after
system failures. Unfortunately, this presents a disad-
vantage to using commercial, relational database sys-
tems since the database journal files tend to be bottle-
necks since every transaction is recorded in the journal
[18]. It is also important to realize that “documents
rather than simply numerical data will be the over-
riding user need (and database load) in the 1990s.”
[19)



2.4 Related CSCW Systems

Interest in the area of CSCW has grown rapidly
since the first CSCW workshop in 1984 yet there are
still relatively few successful products [2]. An exper-
imental system providing asynchronous collaborative
writing for a small group has been reported in [5]. The
system uses email as the communication media and
the text is represented in the ASCII format. The ad-
vantage of this approach is that the impact of the geo-
graphical locations and the computer variation among
the team members is kept to a minimum. However,
since only email is used, referencing comments or mak-
ing changes to existing files may be difficult.

The NoteCards system of Xerox PARC allows mul-
tiple users to open and read the same node but only
one of the users may modify the node’s content at
any given time. It is said that this limitation leads to
drafts of the document being passed back and forth
between the authors. [20]

CSCW can also be accomplished through multime-
dia communication channels. The MERMAID [21]
and SPIN [22] systems are prototypes that provide
real-time conferencing environments for geographi-
cally distributed participants by using synchronous
textual, audio, and video communications. One of
the drawbacks associated with these systems is that
the cost is far beyond what most users can afford.
A simplified version of a conferencing service is to
use extended textual bulletin boards [15]. In addition
to providing a conferencing service, the COGNOTER
system [23] also collects and organizes ideas from its
participants for discussion. It is one of the piloting
systems that provides the WYSIWIS (What You See
Is What I See) capability.

There are a few hypertext systems that are designed
for cooperative work. Quilt [24] is a hypertext system
that provides coauthoring services. The users are iden-
tified as either coauthors or commenters. It allows all
users to comment on a document but only certain priv-
ileged users, i.e., the coauthors, can modify the docu-
ment. The ForComment system [25] provides a group
editing environment and allows up to 16 reviewers to
comment on a document. However, only the origi-
nal author can actually modify the document. The
Aquanet system developed at Xerox PARC is a hy-
pertext tool which facilitates collaborative knowledge
structuring. It provides a “What You See Is What I
Did” (WYSIWID) view on the shared structure but
does not provide synchronous shared views or com-
munication facilities [20].

The rIBIS [26] and SEPIA [20] are synchronous
hypertext systems providing various collaboration
modes. In the independent mode, users may work on
their own tasks without interfering with each other.
In the loosely-coupled mode, users may share certain
public information while working on their own tasks
and in the tightly-coupled mode, users share the same
view and resources, e.g., mouse and file, which are
strictly controlled to avoid conflicts. Major improve-
ments of SEPIA over rIBIS include automatic mode
switching and the use of composite nodes. SEPIA
also provides an audio communication channel be-
tween participants.

Finally, some systems supporting CSCW collect
information from the participants and then suggest
appropriate courses of actions. The SYBIL system
[27] collects and coordinates options about a specific
design topic from members of a hardware platform
project team, and then suggests goals and subgoals to
them. The Office Works system [25] arranges meetings
for a group of participants by checking each partici-
pant’s schedule.

3 Design of the Database System

To reduce complexity, we decided to design the
database component using the client-server model. All
the database processes running on the group mem-
bers’ hosts will be considered “clients”, except for
one, which will be designated as the “server”. The
database server is only a “server” in the sense that it
serves other databases. Users, and more importantly,
the database’s sibling processes (CR, UI, and NA) will
not be able to distinguish whether their DB process is
a client or the server. That is, the server has all the
functionality that a client does, as well as additional
capabilities. It is thus a centrally controlled database.
However, data are distributed as much as possible. As
such, actually only a few things need to be requested
from this central site.

Most of the sibling processes’ requests can be ful-
filled locally and the main use of the server is to man-
age the edit locks of the nodes in the logical structure
of the document (explained later in Section 4.1). It
was decided that maintaining information consistency
by managing the group’s edits in this fashion would
be easier than distributing this information and then
running a “conflict-correction” algorithm. As before,
a user will be able to select any leaf node to work on
which is not currently locked by another group mem-
ber.

In general, the database process should provide ser-
vices for backup and recovery, definition of node at-
tributes, searching the logical view to define a par-
tial view, sharing and conflict resolution, and finally,
run-time modification of the logical structure. Some
details of these capabilities are discussed below.

3.1 Backup and Recovery

To implement backup and recovery, the DCWA
database distinguishes between “saves” and “com-
mits”. Saves of a node will be local and may be un-
done (and even redone) until the user has the contents
of the node like he wants it. Commits, on the other
hand, are sent to the DB server and permanently re-
place the old version of the node. Only the content
of that node will be replaced — the content of other
nodes in the same physical file will not be affected by
a commit, though the DB may need to update infor-
mation about those nodes, such as their start and end
points.

However, the ability to store multiple committed
versions of a node to create a “history list” has been
deferred to some future version of this project since
this aspect needs to be discussed in more detail among
the DCWA working group as how best to serve a group
of users with such a feature. For example, when should
the tool allow an old version to be deleted forever?



3.2 Node Attributes

Many other similar software tools allowed the users
to assign a label to each node in the logical structure.
Information that can be carried by a label is quite lim-
ited. The DCWA database allows the group to assign
several attributes to each node. For example, in an
academic writing application, a node may correspond
to a segment of text which mentions a certain chemical
compound. The user may want to record this fact in
the corresponding logical node as a quick reminder for
the future. More importantly, the attributes can be
used by the search facility (see below) to gain imme-
diate insight to the semantical structure, as opposed
to the organizational structure of the logical view.

Therefore, in addition to the actual node content,
each node of the logical structure will also contain at-
tributes that describe the nature of the node. Some
attributes will have their associated values assigned
by the database, such as the node’s id number and
the time the contents of the node were last modi-
fied. Other attributes, such as the node’s name (label)
and any keywords, will have their associated values
assigned by the group members. However, with two
exceptions detailed later, there is no requirement for
these types of attributes to have a value assigned by
the group if they don’t want or need it. Finally, the
database will give the group the ability to define their
own attribute/value pairs. In this case, the group not
only assigns values but also specifies the names of the
new attributes.

3.3 Search Facility

The documents, and their various sections, which
the group is writing can become numerous and, thus,
the logical structure would probably be a very compli-
cated tree hierarchy. In order to help a user to locate
a desired portion of the document quickly, search ca-
pabilities must be provided.

In group writing, especially in the case of “divi-
sion of labor” writing, each writer only concentrates
on his/her own part and repeated mentioning of the
same point becomes possible. It has also been ob-
served that collaborators need to know the details of
a node written by another in order to use the node
appropriately. If the node contains C program code,
for example, the tediousness of the code often gives
rise to the need for a reader to consult with the writer
directly for clarification. In both these cases, an au-
tomatic search facility of the nodes’ attributes would
help a collaborator gain knowledge about what the
others have written without having to actually read
their work or ask them directly. It would also help a
user quickly locate the node(s) he/she wants to edit.

The search facility allows a user to specify queries
about the logical view. So far, few people have real-
ized the definite need for a search facility with CSCW
writing since in single user writing, the writer tends
to know, and almost always remember, every detail
of the document. In fact, search facilities are a com-
mon feature in most commercial databases and this
feature should be available in a CSCW environment
too. The use of node attributes and search techniques
distinguishes the DCWA from other CSCW systems.

3.4 Definition of Views

This capability has been implemented in conjunc-
tion with the search facility discussed above. Nodes
which meet the query criteria will form a “hit list”
and information about these nodes will be sent to the
Ul for display, replacing the entire logical view with
only those nodes. If a remote user creates a new node
or modifies an old one, such that it also matches the
criteria, it too will then be sent to the UI for display
as soon as the local DB is informed about it.

3.5 Sharing and Conflict Resolution

The ability to maintain the consistency of the file as
it is being modified by the users is handled by locking
and unlocking the nodes of the logical structure. To
maintain consistency, a DB server, as discussed above,
will be responsible for controlling the locking mecha-
nism.

There have been a number of real-time conferencing
tools that include conflict resolutions, such as MER-
MAID [21], SPIN [22], and the textual bulletin board
in [15]. However, their methods are not quite as effec-
tive for resolving conflict arising in document compo-
sition.

3.6 Run-Time Modification of the Logical

Structure

It is possible that the group creates a primitive logi-
cal structure at the very beginning of their project and
will need to refine it as the writing process proceeds.
In any event, a group member should be provided with
the capability to define new nodes or delete unneeded
nodes during the writing, without disturbing the other
users.

The DB server will also be responsible for this con-
flict resolution and treats it just like edits. After the
server locks a subtree of the logical view for modifica-
tion, the user may make the necessary changes, save,
undo, and redo just as if she were editing the content
of a node. When the user commits the modification,
the DB server will merge the existing logical view with
the modified subtree, write the entire logical view into
the file on disk, and then send the new subtree to
all the DB clients. The term subtree was used since
all descendants of the selected node are locked as well.
Should the user need to modify the entire logical view,
the root node should be selected.

Finally, this procedure may also be used to change
the values of those node attributes which are assigned
by the group. The user should lock the node for logical
view modification, change the attribute’s value and
then commit.

4 Implementation of the Database

System
The database is a specialized, distributed program
based on the client-server model implemented in C++
[28] running under 4.3BSD Unix.
A user should begin his/her DCWA editing session
as follows:

Step 1: Open a file containing a logical view or create
a new logical view.



Step 2: Determine which node to select, and how to use
it (read, edit, or modify the subtree of the logical
view that has that node as its root).

Step 3: Get the content of the document for the se-
lected node and start to work.

To determine which node to select, the user may rely
on past experience (i.e., the user knows which node
he/she wants) or may make a queried search of the
available nodes to limit his/her view of the tree.

When a user gets a node for read-only, he may be
informed (when it is received or perhaps later) that
another user is currently editing the node’s contents.
The user should decide whether or not to watch the
changes as they are being made. This capability may
be toggled on and off as the user chooses until the
remote editor finishes. When a user gets a node for
editing, the node becomes locked to other users who
want to edit that node, though they may still read it,
as described above. The same is true for users that
lock subtrees of the logical view for modification.

In the remainder of this section, we briefly explain
the implementation of important components in the
DCWA database.

4.1 Logical View

Users are able to define a logical structure without
any text or graphic object in the nodes. If the group
doesn’t want to get too complicated the logical view
can be as simple as one root node followed by as many
child nodes as necessary, for example:!

Paper __
|- Abstract
[- Intro
|- Point 1
|- Point 2
|- Point 3

|- Conclusion
|- Notes

|- Bibliography
|- Appendix I
|- Appendix II

The terms that the group uses to name nodes when
defining the logical structure is unimportant to the
database. A node’s name is just one of many at-
tributes that it maintains for each node. (See the
subsection below on node attributes.) The database
identifies and differentiates nodes by a node id which
is maintained internally by the database itself and not
assigned (perhaps erroneously) by the group.

Another example of a logical view is seen in Figure
1, which represents a possible structure for a C pro-
gram file. Note that the logical structure is not the
file dependency diagram used for writing a Makefile.
It is merely an organizational structure showing the
composition of the program. The file dependency in
a Makefile deals with semantic dependencies, and is
the reason for overlaying the semantic network (ex-
plained later) on the logical structure.

1This is the way logical trees are displayed in the DCWA.

Source File ?
Main
/
Header —> Q ....................
V\
Function 1

........... Q

Description ~ Preprocessor Global
directives variables

Figure 1: Another Graphical Example of a Logical
Structure

4.2 Node Attributes

The basis for modeling semantic in the DCWA
database is the capability of assigning attribute to
each (organizational) node. Thus meanings are as-
signed to the node and it may then be related to
other nodes through many relational operations such
as classification, categorization, inheritance, etc. The
following is the list of attributes that are maintained
for each node, as well as an indication of the type of
information each will hold:

e Node Id: An integer.

e Name: A character string label for the node.

e Node Level: One of Root, Intermediate, or Leaf.
e Creation time: A number of type time_t.

e Creator: A character string holding a user name.
e Last Change time: A number of type time_t.

e Last Editor: A character string holding a user
name.

e Topic: A character string.
e Description: A character string.

o Keywords: A character string with each keyword
separated by a space.

o User Defined Attributes: A character string with
each attribute separated by a space.

o User Defined Attribute Values: A character string
with each value separated by a space.

e Read Access List: A character string with each
user name separated by a space — see the node
access policy below.

e Edit Access List: A character string with each
user name separated by a space.

e Logical View Modification Access List: A char-
acter string with each user name separated by a
space.

e Local User Reading: A boolean.



e Current Editor: The editor’s database id number.

e Lock Mode: One of  Edit or
Logical View Modificatiom.

e Media Type: One of Text, Graphics, Image,
Audio, or Video if a leaf node, or Logical if not
a leaf node.

e Filename : A character string with the machine
name and full path name where the file is stored
if a leaf node or NULL if a non-leaf node.

e Start point : An integer.
e End point : An integer.
e Number of Children : An integer.

Some of the above attributes function as labels only,
but some are of semantic importance. The semantic
attributes are indicated by italics.

4.3 Queries

A user may make a queried search of the logical
structure to limit his/her personal view of the tree.
There are two types of queries, new and revised. A
new query searches the group’s entire logical view for
matching nodes but a revised query only searches the
nodes that matched the previous query (either new or
revised.) In either case, a “hit list” (perhaps empty) of
matching nodes will be returned to the Ul and the user
may then select a node from among those in the hit
list to read or edit or the user makes another query to
further limit the view. If a query does not produce any
nodes that the user is interested in, the user may start
over by making a new query, which again searches the
entire logical view.

e New Query: A message is sent with the data of
the format:

— DISPLAY: List of attributes to display, each
separated by a comma

— FOR: Query criterion of the form : Attribute
Operator Test-Value

For example,

— DISPLAY: Node Name,Creator,Description,
User Attribute-Value Pairs.

— FOR: Node Id ; 3.

For the attributes specified in the DISPLAY field,
the associated values are returned to the User In-
terface (another component in the DCWA). In ad-
dition, the node id is also always sent to the Ul as
the first attribute value so that the Ul may iden-
tify which nodes are in the hit list in case further
communication with the DB component concern-
ing them is necessary. The other attributes are
sent to the Ul in the order the user specified in
the DISPLAY field of the query, not their order as
stored in the node itself. Note that the nodes in
the hit list/personal view are no longer arranged

in a tree structure since such an organizational
structure does not exist. That is, they are simply
a list of nodes which meet the query criteria.

e Revised Query: The user may make a revised
query based on what was obtained from the pre-
vious query. A message is sent and the data is of
the same form as above, however:

— The DISPLAY field may be different from
what it was in the previous query, with ei-
ther more or less attributes to display. If
an attribute was displayed in the previous
query it must be listed again if the user still
wants that attribute’s value displayed.

— The FOR field will normally be different. If it
is different, the resulting hit list is ANDed to
the previous hit list to form the new hit list.
If it is not different, the hit list will remain
the same.

Some “derived attributes” not specifically stored by
the database may also be displayed and/or used in
the criterion, because the database can calculate the
value. Namely, the date, day and time may be sepa-
rated and the size of a leaf node (calculated from the
start and end points) may be requested. The Cur-
rent Editor and Lock Mode attributes may be used
in queries but not the Local Reader attribute, since a
user should know whether or not he/she is reading a
node.

4.4 Semantic Network

Many existing CSCW tools only allow users to as-
sociate a label with each node of the organizational
structure, however, the information that can be car-
ried by one label is quite limited. Therefore, the node
attributes as described above were designed and imple-
mented. Once these attributes are assigned values, a
search of the logical structure may be made to identify
those nodes which the user is interested in. However,
these attributes may also be used to develop a seman-
tic network on top of the organizational structure of
the logical view.

For example, a group of chemists writing a paper
may have a node which corresponds to a segment of
text that mentions a certain chemical compound C;.
For future reference, the user may assign the following
attribute/value pair to the corresponding node :

CHEMICAL_COMPOUND C;

In addition to assigning attribute/value pairs to a
node, the database also helps the user relate all these
attributes in an inheritance structure. For example,
the user knows that “CHEMICAL_COMPOUND” is
a subconcept of “CHEMICAL.” Therefore, the user
may also want to add the following attribute/value
pair to the node :

CHEMICAL CHEMICAL_COMPOUND



Clearly, the attribute/value pair discussed earlier
can be used to encode the “is-a” semantic, but it
may also be used for encoding the domain relationship
among concepts by listing a user-defined attribute as
the value of another user-defined attribute.

By associating each node with the user-specified
attribute/value pairs, a semantic network is overlaid
upon the organizational tree as seen in Figure 2. By
using the semantic network and the search facility,
users may compose queries to locate all nodes that
satisfy a certain condition. The result of the query
may also be used for a finer search until the needed
information is found. This functionality is similar to
what is provided by the Information Lens [13] and the
Object Lens [14].

Semantic Structure

IRy —
- CHEM\CD
T SR Tl *
ol CHEMICAL_COMPOUND ‘*@CUONS
~L S~
@ NONORGANIC

Organizational Structure

Figure 2: An Example Semantic Network

Finally, it is interesting to note that the hypertext
solution in Quilt [24], ForComment [25], rIBIS [26],
and SEPIA [20] is, in fact, a primitive form of overlay-
ing a semantic net over the organizational structure.

5 Examples

This section gives two detailed examples of some of
the database’s functionality, namely node access con-
trol in the logical structure and an example semantic
network overlaid on the logical structure for identify-
ing relevant nodes.

5.1 Node Access Control

The logical view tree used in the first example is as
follows :

0 ____

[ -1 ____

| | -2

[ | -3

| -4 ____
| -5
| -6
| -7

Assume that the logical view access log file contains
the following information for the node id and the read,
edit, and logical view modification access lists. (Note:
what shown below are the output from the DCWA
database program together with our explanations of
each line of the output beginning wiith the // symbol.)

0 // node number

Cross Seidman // readers list
Gajiwala Ambati Dollar Lee Wear
// editors list
Gong Chang // l-structure modifiers list
YAl // node delimiter
1

Cross Seidman Ambati Dollar Lee Wear

Gong Chang Gajiwala
w{
2 // nodes 2 and 3 are closed
// reflected by empty access lists.
W
3

Cross Seidman Gajiwala Ambati Dollar Lee
// editors list is empty

Gong Chang Wear

hi

5 // all other nodes are closed
// reflected by empty access lists.
W
6
hh
7
ht
ht

The following requests for read, edit, or logical
structure modification would then result in the asso-
ciated answers :

1. Wear wants to read node 12.
Answer: No such node.

2. Gajiwala wants to read node 0. [Ounly leaf nodes
contain readable and/or editable material.]
Answer: Not a leaf node.

3. Gajiwala wants to read node 2. [A user may read
any leaf node for which he/she has permission.]
Answer: Ok.

4. Gajiwala wants to edit node 3. [The same user

can have open as many different nodes as needed
and in either mode : reading or editing.]

Answer :

Gajiwala has locked node 3 for editing.

5. Wear wants to edit node 5.
Answer:
Wear has locked node 5 for editing.
Gajiwala has locked node 3 for editing.
6. Gong wants to edit node 5.
Answer :

Gong can’t lock node 5 because it is
already locked for editing.

Wear has locked node 5 for editing.
Gajiwala has locked node 3 for editing.



7. Gong wants to edit node 6.
Answer :

Wear has locked node 5 for editing.
Gajiwala has locked node 3 for editing.
Gong has locked node 6 for editing.

8. Chang wants to read node 7.
Answer :

Ok.
Wear has locked node 5 for editing.
Gajiwala has locked node 3 for editing.
Gong has locked node 6 for editing.

Finally, though not shown in this example, the log-
ical view modifiers may first acquire locks to any node
and them modify the three lists associated with the
node.

5.2 Semantic Network

This example shows how a semantic network about
automobile safety may be overlaid upon a logical
structure concerning the components of the car. The
logical view tree used in this example is as follows :

0 ____
[ -1 ____
[ | -2
| | -3
[ | - 4
| -5
| -6 ____
[ | -7
| | -8 ____
[ | -9
| | - 10
| - 11 ___
| - 12
| - 13

Assume that the logical structure log file contains
the following information for the node id and the user-
defined attribute/value pairs :

0

Make
Generic_Motors
YAl

1

Automobile
Frame

YAl

2
Impact_Studies
Sides

%

3

Impact_Studies
Rear

hh

4
Impact_Studies
Front

Model
Xv-1

Safety
Impact_Studies

Year
1995

h¥
5

Automobile
Engine

hh
6

Safety
Engine_TBA

Automobile
Interior
YAl

7

Interior Safety

Seatbelts

Interior
Dash

YAl

9

Safety
Airbags

Airbags
Driver_Side
%

10

Airbags
Passenger_Side
%t

%t

11
Automobile
Wheels

YAl

12

Wheels
Tires

%

13

Wheels
Brakes

%t

%t

Safety
Recommended_Tires

Safety
Anti-lock_Brakes

The above semantic information, although recorded
with the logical (i.e., organizational) structure, reflects
the following semantic tree.

Safety __
|- Airbags _
| |- Driver Side
| |- Passenger Side
|- Anti-lock Brakes
|- Engine Safety
|- Impact Studies _
| |- Front
[ |- Rear
| |- Sides
| - Recommended Tires
|- Seatbelts

The following are sample queries showing a possible
search of the safety information :

1. The user gets a list of leaf nodes by making a
“New Query” which starts from scratch.



DISPLAY : User Attribute-Value Pairs
FOR : Node Level == LEAF

Answer :

2
Impact_Studies
Sides

hh

3

2. To determine which leaf nodes concern “Airbags”,
the user would then make the following “Revised
Query” which search in the set of nodes returned
by the immediate last query.

DISPLAY : User Attribute-Value Pairs
FOR : User Attributes == Airbags

Answer :

9

Airbags
Driver_Side

W

10

Airbags
Passenger_Side

6 Conclusion and Future Work

The CSCW software tool known as the DCWA, will
be useful to any group of people who have a need to
coauthor documents, especially if they are separated
geographically. The DCWA can help users cooperate
on any writing task logically, conveniently, and effi-
ciently.

The DCWA provides both textual and graphic edit-
ing, viewing, and coordination services to the group
members. The design of the tool follows the principle
of “division of labor” through the logical structure’s
locking mechanism. However, the “shared mind” ap-
proach can also be realized by viewing any other mem-
ber’s work space, as well as querying the node at-
tributes and semantic network.

The DCWA database organizes textual and graph-
ical information according to their structural relation-
ships, as well as their semantical relationships. Users
may navigate through the files logically by using the
search facility, which queries the node attributes and
limits the user’s view to only those nodes which meet
the criteria of the query.

Some possible extension to be considered in the
next prototype are identified blow.

e In addition to the current text and graphics, in-
corporate other media, such as audio and video
communication, into the logical view.

e Make the database robust with respect to host
(local and remote) failures.

[1]

[2]

[10]

Include a new access list attribute (called com-
ment_access) which holds the list of people who
may comment upon the node. That is, they are
more than passive readers of the node but they
may not actually edit the node either, just post
comments. Of course, a method for storing (and
eventually deleting) these comments must be pro-

vided.

Get rid of “logical” nodes and let each non-leaf
node access the entire contents of its descendants.
This will, of course, require the Ul to be able to
display the various media together.
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