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ABSTRACT 
Since its inception, the Internet has been a hotbed of successful 
communications channels, starting off with e-mail, Internet Relay 
Chat and Usenet newsgroups and more recently adding weblogs, 
instant messaging, and news feeds. These systems have been de-
veloped quite independently over the past half century and con-
tinue to be extended with new functionality that addresses the 
broadening needs of their users and supports the full range of 
semantic expression. Stepping back, however, we observe that 
having a variety of messaging frameworks creates significant 
problems for users when attempting to manage and collate mes-
sages on a single topic or context that may be discussed via multi-
ple media. We posit that no message should be constrained in this 
way by its medium. As it is, messaging applications are slowly 
converging in their functionalities.  We show that a unified ap-
proach to messaging can be achieved in a single step through 
appropriate use of the RDF, a Semantic Web technology, as a data 
model. We further exploit this data model to develop appropriate 
user interface elements that allow aggregation of messages across 
protocols, and discuss the benefits that arise from such a scenario. 

Categories and Subject Descriptors 
H.4.3 [Information Systems Applications]: Communications 
Applications – electronic mail, information browsers, bulletin 
boards, Computer conferencing.  

General Terms 
Management, Design, Human Factors, Standardization 

Keywords 
E-mail, instant messaging, IRC, newsgroups, annotation, web 
logs, blogs, news feeds, RSS, wiki, user interface, messaging, 
RDF, Semantic Web, information management 

1. INTRODUCTION 
One of the greatest accomplishments of the Internet has been to 
enable communication in various forms. E-mail, instant messag-
ing (IM), Internet Relay Chat (IRC), Usenet newsgroups, we-
blogs, and RSS feeds all provide channels through which one 
individual or group can convey information to another. Arguably, 
this plethora of protocols was developed because of the many 
variations in how people use messaging.  

 

 

These systems have been developed quite independently over the 
past half century and continue to be extended with new function-
ality that addresses the broadening needs of their users and sup-
ports the full range of semantic expression. Stepping back, how-
ever, we observe that having a variety of messaging frameworks 
creates significant problems for the user in maintaining context 
across messaging media. As a result, some efforts to address this 
problem have begun but are cosmetic at best (e.g., Microsoft and 
Apple) or only deal with a subset of it (e.g., ReMail) [17][19].  

Whereas an attempt at unifying messaging via another general 
solution is certainly possible, we feel that the Semantic Web pre-
sents a good opportunity, and is the right forum to begin to ad-
dress the problem. One of the core themes of the Semantic Web is 
integrating and enabling interoperation between disparate sys-
tems. Recent research has shown the benefits of using RDF to 
enable integration in areas ranging from Semantic Web Services 
to bioinformatics [20][21]. Furthermore, the Semantic Web, true 
to its name, has benefited the original Web in tying together re-
lated Web pages by means of ontologically-classified metadata, as 
recent efforts in large scale mining have demonstrated [22]. Still, 
we feel that one critical application of the Internet has yet to bene-
fit from this revolution: communication. 

1.1 Motivation 
The existence of multiple, independent messaging systems pre-
sents users with various problems.  For example, in choosing a 
messaging medium, the sender is restricting him or herself and the 
recipient to a particular subset of messaging functionalities; if he 
or she chooses to use IM to discuss a work-related project, par-
ticipants cannot file it away in an appropriate IM folder. At best, 
the user can save it to a file and relocate the file to an aptly named 
directory in the file system. Of course problems in disparate func-
tionality can be overcome to a great extent by “feature creep”—
the gradual addition of enhanced functionality in the appropriate 
messaging application, which while unanticipated, is eventually 
deemed to be useful. A good example of this can be found in IM 
clients: whereas early clients were limited in functionality to text 
messaging, more recent ones support sharing images, sharing 
documents, videoconferencing, and even digital whiteboard-based 
interactive collaboration. Similarly, e-mail clients, instant mes-
sengers, and IRC clients all have widgets for displaying lists of 
people and means for notifying senders of a recipient’s absence. 
Furthermore, newsgroup readers and e-mail clients both have 
threaded message views and different mechanisms for filtering out 
messages from specific people. Finally, we can soon expect so-
phisticated anti-spam capabilities in IM as the problem worsens in 
that domain, similar to e-mail.  
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However, the problems of having multiple messaging media do 
not end by supplying parity in functionality. They become even 
more significant when many messages are exchanged to form a 
conversational thread. A user may initiate a conversation over IM, 
expecting it to be short. If the discussion becomes more extensive, 
bringing in more participants and generating lengthy e-mails or 
chat sessions, there is no convenient way (beyond cutting and 
pasting) to bind the early, IM portion of the discussion to the 
later, e-mail or chat-based portions; if a message is sent by IM, 
one cannot file it in an e-mail folder. Moreover, it is not possible 
to reconstruct a threaded view of the initial instant messages and 
the e-mail responses to them.  The fact that media other than e-
mail are used for work-related communication is supported by 
Isaacs et al., who report that contrary to popular belief, the major 
use of IM in the workplace is for “complex work discussions,” 
rather than coordination or simple question answering [16].  Simi-
larly, Handel and Herbsleb report that chat in the workplace is 
primarily used for work-related discussions [18]. 

Practically speaking, when a single conversation is often 
“smeared” across different media and channels, both functional 
disparity and segmented storage exacerbate the problem of user 
context maintenance. If messages exchanged via different messag-
ing media need to be or are semantically related, then the combi-
nation of differences in stores, formats and data models and the 
set of supported operations for a given medium can get in the way 
of using them effectively. For example, how can a quick IM con-
versation pertaining to a particular design element of some soft-
ware be captured in the project’s log for purposes of traceability 
and provenance? Alternatively, how can knowledge gleaned from 
a newsgroup or RSS feed and the subsequent discussion with the 
author of the information be captured in a project’s historical log?  

Even for users that have the discipline to use the same messaging 
medium for all semantically related information, the problem 
would still insidiously persist because not all semantics are known 
a priori. That is, some information may become related to other 
information only in retrospect. How then should the two be re-
lated so that they can be accessed uniformly and simultaneously 
when working on the topic?  Does the application permit the user 
the flexibility of assigning semantics and context? The situation 
becomes more complex (and common) when considering the 
problem across multiple messaging media. 

Thus, from a user’s perspective, the selection of the medium to 
use is a situational and convenience decision as to how to struc-
ture the message exchange mechanics. The medium content is 
orthogonal to the medium selection. The duplication of features in 
order to increase parity in content capabilities of various media is 
a symptom of the problem of needing to be able to use different 
media for communication as the situation warrants without sacri-
ficing expressiblity.  But, feature duplication is not completely 
successful at resolving the problem, e.g. why can a meeting re-
quest in MS Outlook be sent over e-mail, but not over IM? It is a 
symptom of the decoupled nature between message (con-
tent/semantics) and medium (messaging channel) and only en-
courages practices that exacerbate the problem of context mainte-
nance across media. 

Such a problem is to be expected as multiple systems are all being 
used simultaneously and providing different styles of solutions to 
the same fundamental problem of interpersonal and group com-
munication. While in the beginning, the different communication 
channels crystallized pieces of functionality specific to key activi-
ties along with the associated infrastructure (e.g., addressing and 

authentication) and then were enhanced with additional features, 
users have now grown more reliant on using these systems inter-
changeably and are now bumping against the limitations of the 
abstractions since the activities no longer necessarily respect the 
medium boundaries [14][17].  

1.2 Approach 
We posit that no message should be constrained in this way by its 
medium. Instead, a user should be able to look at any message in 
any way that is natural, and apply to the message any natural mes-
sage-handling action, regardless of the particular message me-
dium—in effect, unify messaging to treat all message types as 
equivalent semantic entities via a unified data model. As a result, 
the opportunity exists to take a “bigger picture” look at the situa-
tion and to recast the problem in terms of a broader messaging 
abstraction that decouples messaging media, which determine the 
messaging mechanics/techniques, from messaging con-
tent/semantics—the aspect of greater import to the user. People 
use different media to take advantage of the differences in the 
mechanics of communications, e.g. addressability and timing of 
communications. These should be decoupled from the semantics 
of communication as far as the user is concerned. We apply RDF, 
a key Semantic Web Technology, in unifying the data model for 
various messaging paradigms. 

By unifying the messaging paradigms, we realize a number of 
immediate benefits to various parties, as well as allowing messag-
ing to remain open to future developments.  Once the existing 
systems are unified under a common model, we can enhance all 
forms of messaging by incorporating features that are currently 
present only for specific messaging paradigms.  A unified ap-
proach will further enable us to allow the user better control of 
context maintenance since all types of messages will be first class 
entities that can be arbitrarily collected to create a context.  Also, 
a user will be able to retrospectively create contexts that are cur-
rently impossible. In addition, it will further ease application and 
user interface development and aid UI researchers seeking to al-
low the user to better manage his/her information.  Not only will 
current messaging paradigms be captured by the data model, but 
the RDF based data model will be robust enough to allow for 
integrating new messaging paradigms in the future.  Furthermore, 
using a unified data model based on RDF and the Semantic Web 
for messaging supplies an incredible corpus of information that is 
interoperable with the Semantic Web, and hence open to process-
ing by Semantic Web agents. Finally, expressing a unified model 
of messaging via RDF, we render messaging amenable to the ex-
citing possibility of Semantic Messaging whereby the message 
bodies are semantically marked up based on well known ontolo-
gies.  As a result, they would be open to automated processing, 
yielding new avenues for enhancing personal productivity through 
more sophisticated CSCW, thereby further leveraging the promise 
of the Semantic Web. 

We show that such a unified approach to messaging can be 
achieved through appropriate use of RDF, a Semantic Web tech-
nology, as a data model and appropriately designed user interface 
elements. In Section 4.1, we sketch a unified ontology represent-
ing all the different message types discussed above. The details of 
the ontology are not important; rather, our goal is to highlight the 
fact that all the above messaging frameworks share substantial 
conceptual structure, reflecting ideas such as sender, recipient, 
subject, reply to, and so on. It is these abstract properties, rather 
than the specific messaging protocol, that really determine the role 
of a message. In Section 4.2, we describe a single running exam-



ple that illustrates a unified tool for handling messages arriving 
via some of the protocols listed above. Our tool is built within the 
Haystack system, a unified information management environment 
[1]. It exploits the common messaging ontology to present all 
incoming information to its user in convenient ways. In Section 5, 
we discuss the benefits that arise from aggregating all the messag-
ing protocols. 

2. RELATED WORK 
In this section, we discuss related work that identifies and at-
tempts to ameliorate problems similar to those resulting from 
multiple messaging media but in the context of e-mail, thereby 
supporting our motivational assertions. Next, we address previous 
attempts at attacking the problem across multiple messaging para-
digms. Finally, we conclude with a short survey of common mes-
saging paradigms as a basis for informing our messaging unifica-
tion work.   

2.1 Task Management in E-mail 
Maintaining the semantic boundaries of information from a user’s 
perspective is a fundamental problem, and does not require the 
complexities of multiple messaging media to manifest itself.  
From a user’s perspective, e-mail supports important abstractions 
encapsulated by a semantic boundary: tasks and archives [4]. 
Given that “users have co-opted this flexible application [email] 
as a critical task management resource,” a significant amount of 
recent research interest has focused on improving e-mail as a task 
management application [14].  In a field study designed to inform 
the design of TaskMaster, Bellotti et al. uncovered that the pri-
mary problem users experienced in using e-mail for task manage-
ment resided in being able to get “a task oriented overview, at a 
glance, rather than scrolling around inspecting folders” and “col-
lating related items (e.g., an extended thread or responses to a 
survey) and associated files and links” [14].   In general, the prob-
lem occurred whenever information required within a context was 
not easily available, e.g. it scrolled out of view due to unrelated 
messages filling the inbox, or was available in a separate list such 
as MS-Outlook’s contacts, outbox, calendar or to-do items, etc.  
Furthermore, they observed that “threads of activity in email do 
not always correspond to straightforward message threads,” and 
hence it is important to allow “users [to] fine-tune the contents” 
and “users need to cut across application boundaries in their 
work…[and]…include items from their desktop or useful links 
that have never been sent in email” into the task related collection.  
As a result of the study, Bellotti et al. developed the TaskMaster 
system, which takes a purely UI approach at improving e-mail for 
task management.  A related commercial effort by Kubi Software 
seeks to improve task management by developing project contexts 
that co-locate relevant items such as contacts, messages and 
documents in MS Outlook and Lotus Notes e-mail clients [15]. 

Thus, we can come to appreciate the importance of context or 
semantic boundary from a user’s perspective.  Furthermore, it is 
not too difficult to see that such a boundary may be needed for 
abstractions other than tasks and how other means of exchanging 
information incorporating “a variety of types of media” similarly 
support task management [14]. As these media capture additional 
knowledge artifacts, the content (and context) management prob-
lems across messaging paradigms we outlined earlier will increas-
ingly emerge. 

2.2 Previous Work in Unifying Messaging 
Recognizing the importance of other messaging media in the 
workplace, several attempts have begun to attempt to combine the 
two. For example, the Microsoft Outlook e-mail client now sup-
ports awareness tracking by appropriately coloring the con-
tact/sender/receiver icon and IM initiation.  However, the initiated 
IM session goes via the MSN Messenger application, and any 
persistence that is possible, is only allowed via it.  Thus, the IM 
session cannot be persisted in the context of the mail messages.  
Apple’s iChat is similarly, superficially, integrated with the mail 
application and address book. 

A definite improvement over this state of affairs is the ReMail 
system developed under the Collaborative User Experience Pro-
ject at IBM [17].  ReMail allows not just awareness tracking of 
colleagues through e-mail, but also starting an instant message 
conversation simply by clicking on the person to initiate a chat 
session and persisting it in the context of the ongoing thread (pos-
sibly e-mail) of conversation.  Thus, a user may change between 
IM and e-mail as the urgency of the situation warrants rather than 
whether he or she will eventually need to capture the conversation 
in a particular manner. Interestingly, ReMail also allows the user 
to annotate his/her e-mail for future reference to self or others, e.g. 
secretary.  ReMail seems to have identified the same problem as 
us and implemented a reasonably complete and robust solution, it 
has done so only for IM and e-mail. Also, it is unclear whether the 
enhanced functionality has been accompanied by a change in data 
model, or IM and e-mail have been integrated over still disjoint 
infrastructures.  Thus, unlike our promotion of a more compre-
hensive solution for messaging in general via data model integra-
tion of disparate messaging systems that supports future extensi-
bility, it has taken an incremental, organic approach similar to 
“feature creep” that will add additional functionality to messaging 
systems as the need becomes clear.   

3. CURRENT COMMUNICATION SYS-
TEMS 
Having demonstrated that the notion of semantic boundaries and 
context in messaging are important from a user’s point of view 
and current attempts to provide integrated support for it across IM 
and e-mail, we now turn our attention to considering the “big 
picture:” unifying various messaging paradigms in order to sup-
port this notion universally.  As such, we survey some popular 
existing digital communications mechanisms, their particular 
properties, usage niche and existing problems in order to under-
stand the nature of the communications they facilitate, and how it 
can be captured succinctly. 

E-mail. E-mail, serving as a generalized asynchronous communi-
cation mechanism for social interaction and work-related collabo-
ration, is perhaps the most widely used mode of digital communi-
cation.  Whittaker et al. report that e-mail has evolved from an 
asynchronous communication mode to a focal point for task man-
agement and information organization simply because it serves as 
a mechanism for assigning and tracking work, as well as a recep-
tacle of various kinds of information [4]. This is primarily due to 
the e-mail inbox being capable of maintaining context for related 
messages, simplifying information availability by co-locating it 
and serving as a constant reminder of items needing attention. 
Furthermore, it makes available a single convenient, accessible, 
long-term archiving mechanism allowing easy filing for items in 
the inbox, or letting the inbox itself be the archive.  



Instant messaging. Nardi et al. describe instant messaging as a 
synchronous communication mode between two people that facili-
tates almost instantaneous exchange of short messages resulting in 
a casual conversation atmosphere [5]. Although the individual 
messages themselves may be short, immediate and rarely per-
sisted, instant messaging allows maintenance of longer term ses-
sions that allow awareness of presence of other parties, thereby 
facilitating longer term context maintenance and allowing con-
tinuation of the conversation. Unlike e-mail, users do not consider 
an IM session as a heavyweight activity requiring a formal ad-
dressing process, greeting and common ground determination 
prior to information exchange.  

Newsgroups. Newsgroups comprise perhaps the largest online 
communities that have resulted from the proliferation of the Inter-
net [6]. Whittaker’s findings on group discussion seem equally 
applicable to newsgroups in general [8]. Although similar to e-
mail in being a persistent means of asynchronous messaging, 
newsgroups differ in one very fundamental way. Unlike e-mail 
and IM which are “by invitation only” paradigms, newsgroups 
allow public access to and participation in ongoing conversations. 
An interesting aspect of this mode of communication is that the 
general interest of the participants is well known or easily infer-
able, and hence establishment of common ground for a dialogue is 
fairly easy. Remarkably, a minority of newsgroup users contribute 
a majority of the discussion while the majority of users are content 
to be passive observers.  According to Whittaker, group discus-
sions function both as active dialogue for exchange of information 
as well as repositories of immediate and reapplicable knowledge 
embedded in archives of past discussions that can be searched by 
newcomers [8]. Discussions on newsgroups provide a means for 
their members not only for interactive question/answer and de-
bate, but also as a means of broadcasting reference information of 
general interest.  It would be useful to be able to capture relevant 
portions of news in other contexts. 

IRC and group chat. Group chat systems, like other communica-
tion technologies, have come to support both social interaction as 
well as work collaboration such as discussion and decision mak-
ing and group memory [8]. Much like newsgroups, chat systems 
tend to be publicly accessible, but the conversations tend to be 
ephemeral; the conversation is not stored in an archive.  The lack 
of persistence is generally a by-product of the near synchronous 
nature of the communication mode. The conversations proceed so 
fast that responses to one statement in a given topic are inter-
leaved with new topics or completely different threads, yielding 
an unintelligible sequence of messages whose utility as a future 
knowledge repository is limited.   

Shared annotations. Although annotation is not normally consid-
ered a form of communication, when it is used in a shared context 
such as peer revision, annotations gain many of the characteristics 
of newsgroup postings. One can observe that the primary distin-
guishing characteristic of an annotation is the specification of 
which document serves as the annotation’s topic. Furthermore, 
collaborative annotation systems permit replies to be posted to 
annotations, giving these systems a notion of threading similar to 
those found in e-mail and in newsgroups. Indeed, web-based an-
notation products such as Microsoft Office 2000 allow users to 
post documents online on websites and enable users to participate 
in threaded online discussions [9]. Also of interest are recently 
developed annotation systems that permit both metadata and tex-
tual messages to be specified [10] [11]. 

News feeds and Web logs. Another interesting arena for messag-
ing exists in the distribution channels provided by online news 
feeds and web logs (also known as “blogs”). Although developed 
as a framework for broadcasting, it is not difficult to view them as 
ones for messaging in general.  Unlike other forms of messaging, 
news feeds and web logs are usually unidirectional, streaming 
messages (i.e., news articles) to a large audience. However, as is 
the case in the physical world, news-style distribution does not 
preclude bidirectional dialog from occurring. The analog of “Let-
ters to the Editor” is sometimes provided in news feeds if a return 
e-mail address is included. As perhaps one of the more nascent 
forms of communication discussed here, news feed clients are 
perhaps the most lacking in the basic functionality possessed by 
client software for the other protocols. 

Wikis. Wikis are a recent phenomenon in collaboration on the web 
that allow users to not just be passive recipients of information on 
the world wide web, but also actively be able to edit it as website.  
Thus, it conflates the traditional notions of webmaster and audi-
ence for a website.  We consider it here because inherent in all 
collaborative systems is the notion of messaging.  Thus, we may 
consider Wikis as a means of messaging. Much like annotations 
or newsgroups, they are messages to an unknown audience.  
However, unlike newsgroups and annotations, the sender/editor is 
generally anonymous. 

3.1.1 Axes in the Messaging Space 
We use our survey of messaging paradigms to realize that despite 
their ostensible differences, all communication systems can be 
placed in context and compared by considering a handful of use-
ful partitioning criteria. We juxtapose communication paradigms 
with respect to two major partitioning criteria in Table 1. Other 
axes for partitioning the messaging space are also discussed.  
However, they result in a less clear cut segmentation of the space 
as the same application is not restricted to a particular place on an 
axis or are closely correlated with values on other axes. We dis-
cuss some of the more common axes here, while realizing there 
are others. We then use these findings as a starting point for our 
integration work.   

3.1.1.1 Public Versus Private 
Communication paradigms may be grouped based on whether 
they support public access and dissemination of information 
where the recipients are unknown a priori or can control their 
subscription status, or whether they are intended for private, 
communication where the participants are known and can be se-
lected when authoring the message. As usual, the notion of public 
may be restricted by other means, e.g. all employees of a particu-
lar company. 

3.1.1.2 Synchronous Versus Asynchronous 
Synchronicity captures the essence of conversation timing and 
serves as a fundamental divider of different communication 
modes. In asynchronous communication, the sender does not wait 
for a response and conversations are generally carried out over 
longer periods of time, with each party having the luxury of for-
mulating a well thought out response. On the other hand, users 
exchange information relatively rapidly in synchronous communi-
cation, where a reply can generally be expected within a reason-
able time period to facilitate an active dialog.  Finally, synchro-
nous communication, being closer to face-to-face communication, 
tends to be more informal and places greater importance on social 
interaction cues, e.g. response times, awareness of presence, etc. 
[7]. 



3.1.1.3 Persistent Versus Ephemeral 
Inherent in the idea of asynchronicity is the notion of automatic 
persistence, which is at once both its boon and its bane. Asyn-
chronous messages such as e-mails tend to be longer and persist 
automatically. Whereas long-term persistence supports capturing 
knowledge for future reference, it also allows extraneous informa-
tion to add “noise” to the information environment, making it 
difficult to obtain and attend to important information [8]. On the 
other hand, short and to the point messages characterize synchro-
nous communication, with persistence usually being an explicitly 
specified option due to the way these systems have evolved.   

3.1.1.4 Unidirectional Versus Bidirectional 
Messaging systems can also be loosely categorized as being unidi-
rectional or bidirectional.  Simply put, bidirectional messaging 
generally requires participation from multiple parties and the 
sender and recipient is clearly recognizable and addressable, e.g. 
e-mail, IM.  In unidirectional messaging, content is just “put out 
there” and the audience is not always required or able to respond.  
Examples of this include newsgroups, RSS feeds and Wikis.  
However, it is not uncommon to have directed messages soliciting 
a reply from particular users in newsgroups either.  Finally, tradi-
tional bidirectional messaging systems such as e-mail can be co-
opted for unidirectional messaging, e.g. periodic newsletters, and 
can specify a reply address. 

4. APPROACH 
In developing a unified framework for messaging, our approach 
aims to preserve the existing communication capabilities sup-
ported by the Internet. Allowing the messages to be co-located 
would be a step in the right direction, although not strictly neces-
sary.  More importantly, multiple message formats would have to 
be understandable and transparent to the messaging application.  
However, even that would leave the messaging application (e.g. 
MS Outlook) that understood multiple information entities and/or 
message types in the difficult position of not being flexible 
enough to easily assimilate new message types.   

As such, we believe the data model should be unified to allow 
treating all message types as just messages; first class entities with 
respect to each other. From a user’s perspective they already are a 
unified data model – sometimes users want to see just messages as 
units of communication pertaining to a single topic, and hence 
UIs should treat the underlying information as having a uniform 
data model. Furthermore, our survey of various communications 
mechanisms shows that all messages share (or can be modeled to 
share) the same notions, such as sender, receiver, body, synchro-
nicity, persistence, privacy, etc. Also, many UI enhancements on 
which measurably improving the user experience will heavily rely, 
will require an expressive and extensible supporting data model as 
hinted at by [14] in their primarily UI based approach at enhanc-
ing e-mail.  Otherwise, the enhancements will be merely cosmetic. 
Finally, the only way to effectively support greater, and more 
uniform UI functionality as witnessed by the feature creep in mes-
saging applications is by supporting it through the data model. 
Instead of writing separate user interfaces for each message type, 
we can also simplify the user (and developer) experience by de-
veloping consistent user interfaces based on a single data model. 
Thus, our work begins with unifying the data model to allow sup-
port for multiple messaging paradigms, while still capturing the 
inherent advantages of each.  Thereafter, we present a sample 
interface developed using this data model.   

 

We have chosen to base our approach to unification of messaging 
paradigms by specifying our data model declaratively via a well 
defined ontology for messaging using the Resource Description 
Framework (RDF), a Semantic Web technology for integrating 
disparate systems and data together [3]. The ontology is under-
stood and complemented by related driver code that translates the 
sending and receiving of different message types to the appropri-
ate underlying protocol. RDF is easily expressible in a portable 
format for describing semantic networks or labeled directed 
graphs [2].  

Table 1: Existing messaging systems 

This decision serves our goal well on several fronts.  First RDF 
supports a semi-structured modeling scheme that allows us the 
flexibility to not only capture the core aspects of messaging, but 
also the unique characteristics of different messaging paradigms 
(e.g. the notion of presence awareness does not exist in asynchro-
nous messaging, but both synchronous and asynchronous mes-
sages have senders and receivers).  Thus we can model a variety 
of concepts, from annotations to news feeds.  Next, RDF also 
allows us to capture entities that can simultaneously have multiple 
types, e.g. a message can be both a meeting request and either an 
e-mail or instant message.  Also, the RDF data model does not 
restrict the modeling to a strict message type hierarchy, thereby 
supporting future extensibility in integrating new communication 
paradigms. Finally, the RDF model enables exciting possibilities 
with semantic messaging that we discuss further in future work. 

Our objective in developing the data model and sample user inter-
face is not to show the perfect approach to unifying messaging, 
but rather to make the case that doing so using RDF is possible, 
and has not just significant advantages over the status quo not, but 
also provides a tangible application and a source for critical in-
formation mass needed for realizing the vision of the Semantic 
Web. 

To fulfill the RDF data model, we are building support for unified 
messaging into Haystack, an information management project at 
the Computer Science and Artificial Intelligence Laboratory at 
MIT. The goal of the Haystack project is to develop a tool that 
allows users to easily manage their documents, e-mail messages, 
appointments, tasks, and other information. Haystack uses RDF to 
describe the connections between different documents in a user’s 
corpus as well as the metadata concerning each document. Hay-
stack’s user interface exposes general tools for viewing and navi-
gating the various kinds of information found in the user’s corpus.  

4.1 Unifying the Data Model 
In this section we discuss the various elements of our messaging 
ontology. Figure 1 depicts the different elements of this ontology 
and how they interrelate by means of an example. 

In order to apply RDF to the problem at hand, we give ontological 
specifications of how to represent people, messages and higher 
level semantic groupings of messages, e.g. discussions, threads, 

 Synchronous 
(generally not 
persistent) 

Asynchronous (generally 
persistent) 

Private Instant Messaging Mail 

Public IRC Newsgroups, Annotation, 
News feeds 



by defining a set of classes and properties (also called predicates). 
These representations generalize the notions of sender, recipient 
and reply threads and form the basis of our messaging data model. 
This model allows us to aggregate arbitrary types of messages 
thereby supporting the types of medium interchanges people often 
make (e.g. switching from a public post to a private e-mail discus-
sion) while at the same time capturing the entire conversation to 
maintain message context that is so crucial in activities such as 
task management [4][5]. We avoid detailed discussion of individ-
ual message type enhancements on the data model for simplicity; 
they can similarly be modeled (e.g., an onlineStatus property 
can be associated with a person to track his/her online status for 
instant messaging). We realize the ontology by related driver code 
that abstracts away the complexities of the various underlying 
protocol implementations and allows the model and interface to 
address messaging in a user-centric manner so that many of the 
deficiencies in existing systems can be addressed at the root while 
simultaneously facilitating uniform functionality. 

4.1.1 Identity and Addressing 
Each messaging protocol currently maintains its own address 
scheme. For example, SMTP servers are programmed to route e-
mail messages according to recipients’ e-mail addresses. When a 
message is specifically directed to be routed by means of a par-
ticular address, the system needs to be able to resolve the address 
to a driver capable of interpreting it.  

Whereas most current messaging systems have a single identifier 
which is used for both identification and addressing, our unified 
messaging ontology necessarily distinguishes between the two 
concepts since the same person may have a different address for 
message delivery (e.g., multiple e-mail identifiers, IM accounts, 
etc.), or several people may be sharing the same address. How-
ever, it is not necessary for those sending messages to concern 
themselves with the specific address by which a message will be 
sent. Instead, people can be represented directly by means of the 
Person class. Recipients and senders are specified by instances 

of the AddressSpecification class. Address specifications 
can specify either a specific address or a person resource, or both. 
People can be associated with addresses with the hasAddress 
predicate. 

A few clarifications on identity and addressing are warranted.  
Although we have mentioned identity in the context of a person 
for simplicity, it is important to realize that many times, it is not 
the person, but the role that is the target of a message (e.g., send-
ing a message to the webmaster), and hence we expand our notion 
of identity to include both person-based and role-based identities. 
Also, we draw a distinction between the notion of an audience and 
an address.  Whereas a message is eventually always directed at 
an address, the audience is not necessarily defined.  For example, 
a message may be directed to a newsgroup or wiki, but the audi-
ence depends on the dynamic subscriber list of the newsgroup or 
frequent (and possibly unknown) visitors to the wiki web.  Al-
though an address generally implies a well known audience, this 
may not always be the case.  We only attempt to model the notion 
of address in our current work. 

4.1.2 Messages 
In order to incorporate the various forms of messaging available, 
we define the class Message in a very general manner. In our 
system a message is a unit of expressive communication trans-
ported from senders to recipients. This definition allows us to 
unify the concepts of instant messages, e-mails, newsgroup post-
ings, annotations, chat, and even articles delivered via news feeds.  

Messages come in various forms. The bulk of all messages are 
textual, but in the context of the Semantic Web it is also useful to 
provide for messages that conform to some established schema, 
such as meeting requests, money orders, or even bank statements. 
However, it is important to note that objects such as text docu-
ments, financial statements and currency can exist outside of mes-
saging environments. The notion of message is independent and 
to some extent orthogonal to the notions of text documents and 

Figure 1: Messages modeled according to our ontology 
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financial statements. Therefore, we define a message as a resource 
for which a sender and a set of recipients are specified. A message 
also contains a body, which can be of any type known by the sys-
tem. 

4.1.3  Conversations 
Built up from messages are higher level aggregations that model 
patterns of communication or define other user specified contexts. 
We highlight conversations (i.e., user-defined contexts) in this 
subsection. 

Like message threads, conversations consist of a collection of 
messages, but the connection between messages in a conversation 
is defined by the user and tends to be more loosely defined by a 
more generalized topic/context than those in a thread (and hence 
not necessarily based on inReplyTo connections). Thus, 
whereas the threads can be used as a starting point for a conversa-
tion, the user can add other threads to the conversation that are 
relevant or remove unrelated messages (e.g., when someone sends  
a message to another by locating the last message received from 
that person and clicking Reply). 

4.1.4 Messaging Drivers 
Our ontology is designed specifically to work with existing mes-
saging systems. As a result, the base of our messaging infrastruc-
ture consists of a series of drivers capable of sending and receiv-
ing messages over protocols such as POP3, SMTP, and Jabber. 
When a message is to be sent, the system must be able to deter-
mine which of the available messaging drivers is best suited to 
delivering the message given the circumstances.  

Messaging drivers are responsible for emulating functionality that 
is not normally available in the underlying protocol. For example, 
e-mail uses MIME headers to describe metadata concerning the 
messages, whereas IRC messages typically have no metadata. 
Techniques such as encoding messages in SOAP envelopes can be 
employed in these cases [12]. Messaging drivers are also respon-
sible for incorporating messages into Haystack’s RDF repository, 
which makes messages accessible via the user interface. This re-
sults in all messages being persistent.  Finally, messaging drivers 
for protocols that support particular properties, e.g., awareness of 
presence, are responsible for keeping these properties up to date 
in the RDF store. 

 

 

Figure 2: Example conversation 

 



4.2 User Interface  
Our unified messaging ontology gives us a means for integrating 
currently available modes of communication in an extensible fash-
ion. However, for the user to realize the benefits of this ontology, 
the user interface must be carefully constructed as to capture the 
expressiveness of the underlying data model while preserving the 
benefits of the specific systems highlighted earlier. 

To illustrate how our user interface takes advantage of the data 
model, we will refer to the example conversation given in Figure 
2. The mocked-up scenario we pose features a dialog between two 
stock analysts working at the same brokerage, which uses Web 
logs internally to keep fund managers and other personnel in-
formed. John  (real estate market analysis) and Mary (general 
analyst) are attempting to resolve some differences in their out-
look for a particular stock that they are both watching.   

The following is a list of steps taken by Mary in this conversation: 

1. Mary checks her inbox and notices that John has up-
dated his blog on the real estate industry outlook.  She 
notices that he has downgraded Acme Hardwood be-
cause he feels the real estate market will be going down 
according to a cyclical trend.  However, her research has 
indicated that Acme Hardwood has just opened an of-
fice in Koronia, where real estate is booming.  Hence, 
she feels that fund managers would be ill advised to fol-
low John’s recommendation.  She refers to his message, 
and posts a correction in her blog.   

2. John notices a reply from Mary and posts an update to 
his blog indicating that whereas it is true that Acme 
Hardwood has opened an office in Koronia, it will not 
be fully operational for another year.  Thus, his recom-
mendation stands.   

3. Mary is concerned that her data might be inaccurate and 
asks for a company report from her colleague Jim in the 
research department.   

4. Mary receives data capturing key company measures 
from which she extracts only those that are forward 
looking.  She realizes that she has indeed missed the 
fact that the office will be operational next year. She re-
plies to John’s blog update and issues a correction.   

5. Mary creates a new conversation (“Secondary Review”) 
and sends a meeting request via instant message to Jim 
in its context, in order to hold a meeting to review the 
outlooks for all companies she oversees. 

6. Jim’s and Mary’s meeting manager agents negotiate a 
free time, and book the appropriate room with the facili-
ties agent for the meeting.  Mary’s agent notifies her she 
has a meeting with him at 9am Thursday. 

7. Mary then adds the previous thread of conversation with 
John and her earlier messages with Jim to this conversa-
tion in order to maintain proper context for the new 
conversation.  

This example illustrates several interesting capabilities that are 
presently not possible with existing messaging systems.  The ex-
ample starts out with Mary receiving a message that encapsulates 
the incremental change that John made to his blog.  Whereas cur-
rent changes supported by blogs overwrite previous results, it 
would certainly be nice to get incremental updates to them as 
messages if they are being closely followed as in this case. Next, 

Mary, is capable of responding to a blog message via another blog 
message. (Literally, an in-reply-to property is placed into the 
blog’s RDF/RSS 1.0 file on the server.) This too would be intui-
tive from the user’s point of view in some cases.  She sends the 
reply both to her blog and John.  John responds similarly.  Next, 
Mary issues a request to the research wing of the firm, and re-
ceives the requested data semantically marked up so that she can 
appropriately query it. Mary then replies to John’s blog entry with 
a different kind of message interleaved in the thread (an e-mail), 
but one that is treated as any other message. Also, Mary can create 
a new context, “Secondary Review” and send a meeting request 
within it via IM.  Thus, she is able to use an instant modality of 
communication without sacrificing semantic expressibility as well 
as create a context a priori.  Furthermore, since the message is 
semantically encoded, it can be automatically responded to by 
Jim’s agent.  The hidden negotiation between the agents is logged 
as a thread but only its final message is to Mary and Jim, confirm-
ing the appointment. It can be accessed if needed by Mary.  Fi-
nally, Mary can retrospectively add the discussion with John to 
the current conversation using drag and drop to provide better 
context for it. Users can also add messages to conversations by 
treating the conversation as a category. 

Note that the two options given in our interface are extremes of a 
more general spectrum; one could imagine the sender specifying a 
particular “read by” date and/or time. Also of note is the way mes-
sages of different types—here, textual and machine-processable 
structured messages (e.g., meeting requests, invitations, etc.)—can 
be combined within the same conversation. 

5. DISCUSSION 
Our work discussed above presents a solution to a very real prob-
lem by employing RDF as a central Semantic Web technology 
that can be used to better model communication systems as mes-
saging paradigms.  As a result, the solution exhibits a number of 
desirable characteristics for various parties that would otherwise 
have not been possible.  Also, although the problem could be 
solved without explicitly resorting to RDF and the Semantic Web, 
we feel that electronic communication comprises a significant 
portion of not just Web traffic, but Internet traffic as well.  Thus, 
it would behoove a solution to the problem to stay close and in-
teroperable with the future direction of the World Wide Web and 
Internet.  Also, applying RDF to this problem may allow us to 
bootstrap the Semantic Web by building into it an engine that 
continuously generates semantically marked up information. Us-
ing RDF in our solution brings allows it to be forwards compati-
ble and one step closer to realizing the potential of the Semantic 
Web. 

Developers benefit from a unified data model for messaging as it 
allows them to quickly and easily support multiple messaging 
paradigms as well as rapidly incorporate new ones.  Furthermore, 
the expressive power facilitated by a single, flexible data model, 
such as RDF, allows them to provide users with functionality not 
possible heretofore, e.g., capturing and co-locating content re-
gardless of transmission protocol, a step towards relieving infor-
mation overload.  Another artifact of our generalized treatment of 
messages is that it provides common user interface functionality 
across all messaging paradigms [13].  For example, bodies of 
messages can be spellchecked in e-mail clients but not in IM cli-
ents; worse yet, e-mail clients support spell checking for the body 
but not for the subject of the message. With a uniform data model, 
both the body and the subject of a message can be spellchecked 
regardless of message type because they are both text fields. Fi-



nally, developers can provide users with uniform functionality 
regardless of message type, e.g. the ability to file send a picture to 
an RSS feed or over IM. 

Whereas, HCI researchers are constrained to understand user be-
haviors (e.g. task management) within a particular messaging 
paradigm, e.g., e-mail, they can now begin to understand these 
issues, unfettered by such artificial restrictions.  Furthermore, 
similar to developers, a unified approach to messaging via a uni-
fied data model gives HCI researchers the expressive capability 
they need to capture user level behavior metaphors that can sup-
port appropriate UI interactions. 

Finally, users gain the most from our approach to messaging.  Our 
prototype built on Haystack represents an evolutionary step in 
terms of providing a single, unified interface for supporting inter-
personal and group communication. This unification produces the 
desirable effect of maintaining context and making information 
conveniently accessible by co-locating semantically related infor-
mation, which is crucial from a usability perspective [4]. Such a 
capability has heretofore been impossible due to the segregated 
nature of existing messaging paradigms and their respective cli-
ents. By supporting a heterogeneous set of message types we have 
preserved and tied together the existing communication capabili-
ties supported by popular systems such as e-mail and IM, result-
ing in a sum that is greater than its parts.  

Some might argue that the plethora of messaging protocols is an 
advantage that should not be abandoned—that the existence of IM 
implies that a user’s mailbox does not get filled up with the time-
sensitive or off-hand comments that are common in IM, or that the 
existence of a news reader means that the user can decide to be 
“checking news” for some period of time without getting side-
tracked by work-related e-mail.  But, the unified approach sacri-
fices none of these benefits.  Whatever “physical'” partition of the 
information is created by multiple protocols, can be simulated by 
a “logical” or “virtual” partition of information in the unified 
environment.  Messages delivered by IM can be semantically 
marked so, and a view can be defined that shows only messages 
not delivered by IM.  A specific folder can be defined that con-
tains all arriving news.  At the same time, the unified approach 
lets the user break down those partitions when it makes sense.  
For example, an instant message that triggered a lengthy e-mail 
discussion can be moved into the same conversation, while e-mail 
from certain mailing lists might want to interleave with the 
“news'” from RSS feeds instead of occupying the inbox because 
they both discuss the same topic. 

We can leverage our data model to reduce the usability problems 
with current messaging systems. As Whittaker points out, e-mail 
(and similarly, other messaging systems) subjects the user to in-
formation overload, resulting in important messages not being 
attended to [4]. This drawback is primarily due to a combination 
of the high rate of information arrival, users lacking time or being 
unwilling to file items away and a lack of features that mitigate 
the effects of overload such as flexible message status tracking 
capabilities, reminder scheduling, semantic clustering of loosely 
related items and more powerful IR support. By casting messages 
and conversations into RDF, we gain a persistent description to 
which we can add additional metadata that will improve searches 
and other information retrieval techniques. For example, a mes-
sage can be annotated such that the user can associate other key-
words with it such that future searches on those keywords will 
bring up the message.  Hence, users will be better able to reduce 
“noise” and manage information overload by being willing to file 

information without worrying about not being able to find it later. 
By creating higher-level organizational concepts such as conver-
sations and categories, users are able to consolidate different types 
of messages with similar topics together, reducing the clutter in 
users’ inboxes, while having more intuitive ways to navigate 
through their message corpora. Furthermore, they can do this 
organization as needed, after the fact. 

We have discussed various advantages of our system from the 
message receiver’s perspective.  However, there are some possible 
drawbacks for both the sender and receiver.  With current sys-
tems, the sender does not have to decide how (which messaging 
system to use) to send the message.  That decision is implicit in 
the application chosen to send the message.  In our system, the 
user would explicitly need to specify where and how the message 
is being sent.  However, we feel this should not be any greater a 
burden than it currently is; just a different kind of decision.  Also, 
receivers who have so far relied on different application contexts 
to implicitly file their messages may now have to learn to file in 
the new system.  Nevertheless, this can easily be overcome, by 
providing pre-packaged virtual folders that correspond to current 
application boundaries, e.g. e-mail messages, news, etc. 

Finally, our RDF approach bodes well for unified messaging n the 
future Semantic Web and in fact helps facilitate it.  We discuss 
this further in our Future Work section. 

6. FUTURE WORK 
Much work remains to be done in order to produce an intuitive 
system that can be employed by users on a daily basis. Although 
we have asserted a unified messaging model to be useful, user 
studies are required to understand whether users prefer a unified 
user interface to the status quo.  

Finally, we hope to further exploit RDF’s capability to encode 
arbitrary metadata in order to realize other usability benefits. By 
employing richer forms of semantic markup in order to better 
describe the nature of messages being sent, CSCW applications 
(e.g., workflow management) and automated filtering tools can be 
integrated into users’ messaging clients. For example, if a piece of 
information being sent has already been characterized on the 
sender’s end, the recipients’ systems may be able to automatically 
file the information into the proper categories or process requests 
embedded within the information (e.g., negotiate meeting time 
and place). Also, it is not inconceivable to imagine the user’s 
system serving as a “gatekeeper” for the user, managing a user’s 
inbox by prioritizing received information for the user’s consump-
tion.  Finally, senders can also begin to realize benefits by sending 
semantic messages such as a voting survey message, and have the 
responses automatically tallied, rather than have to open each 
message separately to get the results. 
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