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ABSTRACT

Since its inception, the Internet has been a hotifezliccessful
communications channels, starting off with e-miaiternet Relay
Chat and Usenet newsgroups and more recently adadibipgs,
instant messaging, and news feeds. These systaerasbkan de-
veloped quite independently over the past halfugnand con-
tinue to be extended with new functionality thateesses the
broadening needs of their users and supports theaiuge of
semantic expression. Stepping back, however, werebsthat
having a variety of messaging frameworks creatgsifsiant
problems for users when attempting to manage atidteanes-
sages on a single topic or context that may beudssd via multi-
ple media. We posit that no message should bereamsd in this
way by its medium. As it is, messaging applicatiams slowly
converging in their functionalities. We show tleatunified ap-
proach to messaging can be achieved in a singfe tet®ugh
appropriate use of the RDF, a Semantic Web teclgnols a data
model. We further exploit this data model to depeéppropriate
user interface elements that allow aggregation @sages across
protocols, and discuss the benefits that arise Booh 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
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logs, blogs, news feeds, RSS, wiki, user interfanessaging,
RDF, Semantic Web, information management

1. INTRODUCTION

One of the greatest accomplishments of the Intemastbeen to
enable communication in various forms. E-mail, danstmessag-
ing (IM), Internet Relay Chat (IRC), Usenet newsgrs, we-
blogs, and RSS feeds all provide channels througfthwone
individual or group can convey information to arerthArguably,
this plethora of protocols was developed becaus¢thefmany
variations in how people use messaging.
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These systems have been developed quite indepgndegat the

past half century and continue to be extended métlv function-

ality that addresses the broadening needs of ttseirs and sup-
ports the full range of semantic expression. Stepack, how-

ever, we observe that having a variety of messafyjargeworks

creates significant problems for the user in maiitg context

across messaging media. As a result, some efforasldress this
problem have begun but are cosmetic at best (digrpsoft and

Apple) or only deal with a subset of it (e.g., Relyd7][19].

Whereas an attempt at unifying messaging via anajbeeral
solution is certainly possible, we feel that then@etic Web pre-
sents a good opportunity, and is the right forunbégin to ad-
dress the problem. One of the core themes of theaBc Web is
integrating and enabling interoperation betweerpatste sys-
tems. Recent research has shown the benefits nfj IRDF to
enable integration in areas ranging from Semantab \Services
to bioinformatics [20][21]. Furthermore, the Semarweb, true
to its name, has benefited the original Web ingyiogether re-
lated Web pages by means of ontologically-clagbifieetadata, as
recent efforts in large scale mining have demotedr§22]. Still,
we feel that one critical application of the Interhas yet to bene-
fit from this revolution: communication.

1.1 Motivation

The existence of multiple, independent messagirgjesys pre-
sents users with various problems. For examplehimosing a
messaging medium, the sender is restricting hilmeoself and the
recipient to a particular subset of messaging fonatities; if he
or she chooses to use IM to discuss a work-relptegbct, par-
ticipants cannot file it away in an appropriate idder. At best,
the user can save it to a file and relocate tleetdilan aptly named
directory in the file system. Of course problemslisparate func-
tionality can be overcome to a great extent byttfeacreep”—
the gradual addition of enhanced functionalityhiie tappropriate
messaging application, which while unanticipated eventually
deemed to be useful. A good example of this cafobed in IM
clients: whereas early clients were limited in filowality to text
messaging, more recent ones support sharing imafesing
documents, videoconferencing, and even digital etluard-based
interactive collaboration. Similarly, e-mail clisntinstant mes-
sengers, and IRC clients all have widgets for digph lists of
people and means for notifying senders of a rectfseabsence.
Furthermore, newsgroup readers and e-mail clieoth Mhave
threaded message views and different mechanisnfitéoing out
messages from specific people. Finally, we can seqrect so-
phisticated anti-spam capabilities in IM as thebpem worsens in
that domain, similar to e-mail.



However, the problems of having multiple messagimedia do
not end by supplying parity in functionality. Thégcome even
more significant when many messages are exchamgéarm a
conversational thread. A user may initiate a cosation over IM,
expecting it to be short. If the discussion becomese extensive,
bringing in more participants and generating lepgthmails or
chat sessions, there is no convenient way (beyarttihg and
pasting) to bind the early, IM portion of the dission to the
later, e-mail or chat-based portions; if a mesdageent by IM,
one cannot file it in an e-mail folder. Moreoveris not possible
to reconstruct a threaded view of the initial instmessages and
the e-mail responses to them. The fact that metfiar than e-
mail are used for work-related communication ispsarped by
Isaacs et al., who report that contrary to pophédief, the major
use of IM in the workplace is for “complex work dissions,”
rather than coordination or simple question ansvgefl6]. Simi-
larly, Handel and Herbsleb report that chat in Warkplace is
primarily used for work-related discussions [18].

Practically speaking, when a single conversation oféen
“smeared” across different media and channels, latlstional
disparity and segmented storage exacerbate thdepmoff user
context maintenance. If messages exchanged vixetiff messag-
ing media need to be or are semantically relategh the combi-
nation of differences in stores, formats and datalets and the
set of supported operations for a given mediumgednn the way
of using them effectively. For example, how canuick) IM con-
versation pertaining to a particular design elen@nsome soft-
ware be captured in the project’s log for purposesaceability
and provenance? Alternatively, how can knowledgamggd from
a newsgroup or RSS feed and the subsequent disousih the
author of the information be captured in a progbistorical log?

Even for users that have the discipline to usesttlree messaging
medium for all semantically related information,e tiproblem

would still insidiously persist because not all seics are known
a priori. That is, some information may become relatedtbero

information only in retrospect. How then should tia® be re-

lated so that they can be accessed uniformly amdlsineously

when working on the topic? Does the applicatiomyiethe user

the flexibility of assigning semantics and conteXtie situation

becomes more complex (and common) when considetieg
problem across multiple messaging media.

Thus, from a user’s perspective, the selectionhef medium to
use is a situational and convenience decision &®woto struc-
ture the message exchange mechanics. The mediutantas
orthogonal to the medium selection. The duplicatbfeatures in
order to increase parity in content capabilitieyafous media is
a symptom of the problem of needing to be ables® different
media for communication as the situation warranthout sacri-
ficing expressiblity. But, feature duplication m®t completely
successful at resolving the problem, e.g. why caneating re-
quest in MS QOutlook be sent over e-mail, but nard? It is a

symptom of the decoupled nature between message- (co

tent/semantics) and medium (messaging channel)oahgd en-
courages practices that exacerbate the problerardéxt mainte-
nance across media.

Such a problem is to be expected as multiple systamall being
used simultaneously and providing different stylésolutions to
the same fundamental problem of interpersonal andpgcom-
munication. While in the beginning, the differemmnamunication
channels crystallized pieces of functionality sfie¢b key activi-
ties along with the associated infrastructure (@ddressing and

authentication) and then were enhanced with additifeatures,
users have now grown more reliant on using thesees)s inter-
changeably and are now bumping against the liroitatiof the
abstractions since the activities no longer necigsaspect the
medium boundaries [14][17].

1.2 Approach

We posit that no message should be constrainddsmay by its
medium. Instead, a user should be able to lookyhsessage in
any way that is natural, and apply to the messagaatural mes-
sage-handling action, regardless of the particatassage me-
dium—in effect, unify messaging to treat all messagees as
equivalent semantic entities via a unified data ehods a result,
the opportunity exists to take a “bigger picturedk at the situa-
tion and to recast the problem in terms of a broadessaging
abstraction that decouples messaging media, whétérdine the
messaging mechanics/techniques, from messaging
tent/semantics—the aspect of greater import to #e¥.UPeople
use different media to take advantage of the diffees in the
mechanics of communications, e.g. addressability ttming of
communications. These should be decoupled frons#meantics
of communication as far as the user is concerneglapyply RDF,
a key Semantic Web Technology, in unifying the datadel for
various messaging paradigms.

By unifying the messaging paradigms, we realizeuenlver of
immediate benefits to various parties, as wellllasvang messag-
ing to remain open to future developments. Onee dkisting
systems are unified under a common model, we charee all
forms of messaging by incorporating features that @urrently
present only for specific messaging paradigms. nifiad ap-
proach will further enable us to allow the usertdretontrol of
context maintenance since all types of messagédeviirst class
entities that can be arbitrarily collected to ceeatcontext. Also,
a user will be able to retrospectively create oxistéhat are cur-
rently impossible. In addition, it will further easpplication and
user interface development and aid Ul researcheskirgg to al-
low the user to better manage his/her informatidlot only will
current messaging paradigms be captured by thendadiel, but
the RDF based data model will be robust enoughlltavafor
integrating new messaging paradigms in the futdéferthermore,
using a unified data model based on RDF and theaB&mwWeb
for messaging supplies an incredible corpus ofrmédion that is
interoperable with the Semantic Web, and hence tp@nocess-
ing by Semantic Web agents. Finally, expressingified model
of messaging via RDF, we render messaging amenatile ex-
citing possibility of Semantic Messaging whereby the message
bodies are semantically marked up based on weblvknantolo-
gies. As a result, they would be open to automatedessing,
yielding new avenues for enhancing personal pradtcthrough
more sophisticated CSCW, thereby further leveragfiegpromise
of the Semantic Web.

We show that such a unified approach to messagary be
achieved through appropriate use of RDF, a Semai¢ib tech-
nology, as a data model and appropriately desigised interface
elements. In Section 4.1, we sketch a unified @gplrepresent-
ing all the different message types discussed abihe details of
the ontology are not important; rather, our goabisighlight the
fact that all the above messaging frameworks skatestantial
conceptual structure, reflecting ideas such as esenécipient,
subject, reply to, and so on. It is these absipaaperties, rather
than the specific messaging protocol, that reahgrmine the role
of a message. In Section 4.2, we describe a simgleing exam-

con-



ple that illustrates a unified tool for handling seages arriving
via some of the protocols listed above. Our toddugt within the

Haystack system, a unified information managemanirenment

[1]. It exploits the common messaging ontology tesent all

incoming information to its user in convenient walysSection 5,
we discuss the benefits that arise from aggregaiintpe messag-
ing protocols.

2. RELATED WORK

In this section, we discuss related work that idiest and at-
tempts to ameliorate problems similar to those Itiegu from
multiple messaging media but in the context of ésnthereby
supporting our motivational assertions. Next, wdrags previous
attempts at attacking the problem across multipdesaging para-
digms. Finally, we conclude with a short surveycofmmon mes-
saging paradigms as a basis for informing our ngésgaunifica-
tion work.

2.1 Task Management in E-mail

Maintaining the semantic boundaries of informatfiiamm a user's
perspective is a fundamental problem, and doesretptire the
complexities of multiple messaging media to manifiself.
From a user’s perspective, e-mail supports impomstractions
encapsulated by a semantic boundary: tasks andvesciy].
Given that “users have co-opted this flexible agadlon [email]
as a critical task management resource,” a sigmfiamount of
recent research interest has focused on improvimgieas a task
management application [14]. In a field study geed to inform
the design of TaskMaster, Bellotti et al. uncovetieat the pri-
mary problem users experienced in using e-maitdek manage-
ment resided in being able to get “a task oriereerview, at a
glance, rather than scrolling around inspectingdad” and “col-
lating related items (e.g., an extended threadespanses to a
survey) and associated files and links” [14]. gémeral, the prob-
lem occurred whenever information required withicoatext was
not easily available, e.g. it scrolled out of viewe to unrelated
messages filling the inbox, or was available irepasate list such
as MS-Outlook’s contacts, outbox, calendar or toitéms, etc.
Furthermore, they observed that “threads of agtivitemail do
not always correspond to straightforward messageatts,” and
hence it is important to allow “users [to] fine-authe contents”
and “users need to cut across application bourglanetheir
work...[and]..include items from their desktop or useful links
that have never been sent in email” into the tatd¢ed collection.
As a result of the study, Bellotti et al. developgbd TaskMaster
system, which takes a purely Ul approach at impmgwé-mail for
task management. A related commercial effort bpikioftware
seeks to improve task management by developin@@ropntexts
that co-locate relevant items such as contacts,sages and
documents in MS Outlook and Lotus Notes e-maiinttg15].

Thus, we can come to appreciate the importanceonfegt or
semantic boundary from a user’s perspective. Eumbre, it is
not too difficult to see that such a boundary mayneeded for
abstractions other than tasks and how other mefaescbanging
information incorporating “a variety of types of di@” similarly

support task management [14]. As these media apiditional
knowledge artifacts, the content (and context) rganaent prob-
lems across messaging paradigms we outlined ewiiliencreas-

ingly emerge.

2.2 PreviousWork in Unifying Messaging
Recognizing the importance of other messaging meédighe
workplace, several attempts have begun to atteonpdmbine the
two. For example, the Microsoft Outlook e-mail olienow sup-
ports awareness tracking by appropriately colorthg con-
tact/sender/receiver icon and IM initiation. Howewhe initiated
IM session goes via the MSN Messenger applicatiord any
persistence that is possible, is only allowed uiaThus, the IM
session cannot be persisted in the context of thié messages.
Apple’s iChat is similarly, superficially, integed with the mail
application and address book.

A definite improvement over this state of affaissthe ReMail
system developed under the Collaborative User Expez Pro-
ject at IBM [17]. ReMail allows not just awarenesacking of
colleagues through e-mail, but also starting anaitsmessage
conversation simply by clicking on the person tdiate a chat
session and persisting it in the context of theoomgythread (pos-
sibly e-mail) of conversation. Thus, a user magnge between
IM and e-mail as the urgency of thiéuation warrants rather than
whether he or she will eventually need to capthesdonversation
in a particular manner. Interestingly, ReMail aldmws the user
to annotate his/her e-mail for future referenceetib or others, e.g.
secretary. ReMail seems to have identified theesproblem as
us and implemented a reasonably complete and rgbusion, it
has done so only for IM and e-mail. Also, it is le&ac whether the
enhanced functionality has been accompanied byagehin data
model, or IM and e-mail have been integrated owrdisjoint
infrastructures. Thus, unlike our promotion of arencompre-
hensive solution for messaging in general via daddel integra-
tion of disparate messaging systems that suppottsef extensi-
bility, it has taken an incremental, organic apphoaimilar to
“feature creep” that will add additional functioitglto messaging
systems as the need becomes clear.

3. CURRENT COMMUNICATION SYS
TEMS

Having demonstrated that the notion of semanticnbaties and
context in messaging are important from a useristpof view
and current attempts to provide integrated supfpoiit across IM
and e-mail, we now turn our attention to considgrihe “big
picture:” unifying various messaging paradigms mes to sup-
port this notion universally. As such, we surveyne popular
existing digital communications mechanisms, theartipular
properties, usage niche and existing problems deroto under-
stand the nature of the communications they fatdjtand how it
can be captured succinctly.

E-mail. E-mail, serving as a generalized asynchronous aorim
cation mechanism for social interaction and wolkiezl collabo-
ration, is perhaps the most widely used mode dfaligommuni-

cation. Whittaker et al. report that e-mail hasleed from an

asynchronous communication mode to a focal pointask man-
agement and information organization simply becatuserves as
a mechanism for assigning and tracking work, a$ agh recep-
tacle of various kinds of information [4]. Thispsimarily due to

the e-mail inbox being capable of maintaining cahfer related

messages, simplifying information availability bg-locating it

and serving as a constant reminder of items needitention.

Furthermore, it makes available a single conveniaotessible,
long-term archiving mechanism allowing easy filifog items in

the inbox, or letting the inbox itself be the ak&hi



Instant messaging. Nardi et al. describe instant messaging as a News feeds and Web logs. Another interesting arena for messag-

synchronous communication mode between two pebplefacili-

tates almost instantaneous exchange of short nesssagulting in
a casual conversation atmosphere [5]. Although ititvidual

messages themselves may be short, immediate aaly rzer-

sisted, instant messaging allows maintenance afeloterm ses-
sions that allow awareness of presence of othdfepathereby
facilitating longer term context maintenance ankbveihg con-

tinuation of the conversation. Unlike e-mail, usgosnot consider
an IM session as a heavyweight activity requirinfpanal ad-

dressing process, greeting and common ground dieistion

prior to information exchange.

Newsgroups. Newsgroups comprise perhaps the largest online

communities that have resulted from the proliferatdf the Inter-
net [6]. Whittaker's findings on group discussioges equally
applicable to newsgroups in general [8]. Althoughilar to e-
mail in being a persistent means of asynchronoussaggng,
newsgroups differ in one very fundamental way. kinle-mail
and IM which are “by invitation only” paradigms, wsgroups
allow public access to and participation in ongatoegversations.
An interesting aspect of this mode of communicai®nhat the
general interest of the participants is well knowvneasily infer-
able, and hence establishment of common ground dalogue is
fairly easy. Remarkably, a minority of newsgrougnsscontribute
a majority of the discussion while the majorityuskers are content
to be passive observers. According to Whittakeoug discus-
sions function both as active dialogue for exchasfgaformation
as well as repositories of immediate and reapplicabhowledge
embedded in archives of past discussions that essearched by
newcomers [8]. Discussions on newsgroups provideeans for
their members not only for interactive questionyegrsand de-
bate, but also as a means of broadcasting refemefocenation of
general interest. It would be useful to be ableapture relevant
portions of news in other contexts.

IRC and group chat. Group chat systems, like other communica-

tion technologies, have come to support both sagiafaction as
well as work collaboration such as discussion aacisibn mak-
ing and group memory [8]. Much like newsgroups,tchstems
tend to be publicly accessible, but the conversatitend to be
ephemeral; the conversation is not stored in ahiwc The lack
of persistence is generally a by-product of ther myachronous
nature of the communication mode. The conversajiwoseed so
fast that responses to one statement in a giveic te inter-
leaved with new topics or completely different tmts, yielding
an unintelligible sequence of messages whoseyuéibta future
knowledge repository is limited.

Shared annotations. Although annotation is not normally consid-
ered a form of communication, when it is used 8hared context
such as peer revision, annotations gain many ofllaeacteristics
of newsgroup postings. One can observe that theapyi distin-
guishing characteristic of an annotation is thecsjpation of
which document serves as the annotation’s topicthEtmore,
collaborative annotation systems permit repliesb¢éoposted to
annotations, giving these systems a notion of thingasimilar to
those found in e-mail and in newsgroups. Indeed-hased an-
notation products such as Microsoft Office 200@wallusers to
post documents online on websites and enable ts@esticipate
in threaded online discussions [9]. Also of intérage recently
developed annotation systems that permit both ratdaahd tex-
tual messages to be specified [10] [11].

ing exists in the distribution channels provided dnjine news
feeds and web logs (also known as “blogs”). Althougveloped
as a framework for broadcasting, it is not difficia view them as
ones for messaging in general. Unlike other foohmessaging,
news feeds and web logs are usually unidirectiostgaming
messages (i.e., news articles) to a large audid¢hoeever, as is
the case in the physical world, news-style distitdu does not
preclude bidirectional dialog from occurring. Theabbg of “Let-
ters to the Editor” is sometimes provided in neeedf if a return
e-mail address is included. As perhaps one of tbeemascent
forms of communication discussed here, news feehtsl are
perhaps the most lacking in the basic functionglitgsessed by
client software for the other protocols.

Wikis. Wikis are a recent phenomenon in collaboratiothenweb
that allow users to not just be passive recipiehtaformation on
the world wide web, but also actively be able td &ds website.
Thus, it conflates the traditional notions of welstea and audi-
ence for a website. We consider it here becauserémt in all
collaborative systems is the notion of messagimgus, we may
consider Wikis as a means of messaging. Much likeotations
or newsgroups, they are messages to an unknowrereadi
However, unlike newsgroups and annotations, thdeséeditor is
generally anonymous.

3.1.1 Axesinthe Messaging Space

We use our survey of messaging paradigms to retatedespite
their ostensible differences, all communicationtesys can be
placed in context and compared by considering afofof use-
ful partitioning criteria. We juxtapose communication paradigms
with respect to two major partitioning criteria Table 1. Other
axes for partitioning the messaging space are disoussed.
However, they result in a less clear cut segmentaif the space
as the same application is not restricted to aqudat place on an
axis or are closely correlated with values on otibas. We dis-
cuss some of the more common axes here, whilezieglthere
are others. We then use these findings as a gigstimt for our
integration work.

3.1.1.1 Public Versus Private

Communication paradigms may be grouped based orthehe
they support public access and dissemination obrinétion
where the recipients are unknownpriori or can control their
subscription status, or whether they are intendad pirivate,
communication where the participants are known eend be se-
lected when authoring the message. As usual, ttiemof public
may be restricted by other means, e.g. all empkypéa particu-
lar company.

3.1.1.2 Synchronous Versus Asynchronous
Synchronicity captures the essence of conversatinimg and
serves as a fundamental divider of different comigation
modes. In asynchronous communication, the sendes dot wait
for a response and conversations are generalljedaout over
longer periods of time, with each party having lineury of for-
mulating a well thought out response. On the otiard, users
exchange information relatively rapidly in synchoos communi-
cation, where a reply can generally be expectetinvia reason-
able time period to facilitate an active dialogindfly, synchro-
nous communication, being closer to face-to-facarnanication,
tends to be more informal and places greater irapog on social
interaction cues, e.g. response times, awarenegeesénce, etc.

[7].



3.1.1.3 Persistent Versus Ephemeral

Inherent in the idea of asynchronicity is the nota automatic
persistence, which is at once both its boon andbaise. Asyn-
chronous messages such as e-mails tend to be landepersist
automatically. Whereas long-term persistence suppmapturing
knowledge for future reference, it also allows amrgous informa-
tion to add “noise” to the information environmemaking it
difficult to obtain and attend to important infortizan [8]. On the
other hand, short and to the point messages ckéawsynchro-
nous communication, with persistence usually beingxplicitly
specified option due to the way these systems bewkved.

3.1.1.4 Unidirectional Versus Bidirectional

Messaging systems can also be loosely categoribdiag unidi-
rectional or bidirectional. Simply put, bidireatial messaging
generally requires participation from multiple pest and the
sender and recipient is clearly recognizable ardtessable, e.g.
e-mail, IM. In unidirectional messaging, contestust “put out
there” and the audience is not always requirecbte # respond.
Examples of this include newsgroups, RSS feeds \Afikds.
However, it is not uncommon to have directed messagliciting
a reply from particular users in newsgroups eitheinally, tradi-
tional bidirectional messaging systems such asieaan be co-
opted for unidirectional messaging, e.g. periodwsletters, and
can specify a reply address.

4. APPROACH

In developing a unified framework for messagingr approach
aims to preserve the existing communication cajtigsil sup-
ported by the Internet. Allowing the messages tocbédocated
would be a step in the right direction, although stoictly neces-
sary. More importantly, multiple message formataild have to
be understandable and transparent to the messagjlgation.
However, even that would leave the messaging agifit (e.g.
MS Outlook) that understood multiple informatiortides and/or
message types in the difficult position of not lgeifiexible
enough to easily assimilate new message types.

As such, we believe the data model should be uhifie allow
treating all message types as just messagesclfist entities with
respect to each other. From a user’s perspecteseaheady are a
unified data model — sometimes users want to starjassages as
units of communication pertaining to a single to@ad hence
Uls should treat the underlying information as hgva uniform
data model. Furthermore, our survey of various caminations
mechanisms shows that all messages share (or canodeled to
share) the same notions, such as sender, recbody, synchro-
nicity, persistence, privacy, etc. Also, many Uhancements on
which measurably improving the user experience lv@hvily rely,
will require an expressive and extensible suppgrtiata model as
hinted at by [14] in their primarily Ul based appob at enhanc-
ing e-mail. Otherwise, the enhancements will beetgecosmetic.
Finally, the only way to effectively support greatend more
uniform Ul functionality as witnessed by the featareep in mes-
saging applications is by supporting it through tie#a model.
Instead of writing separate user interfaces foheaaessage type,
we can also simplify the user (and developer) ézpee by de-
veloping consistent user interfaces based on desasfa model.
Thus, our work begins with unifying the data motdellow sup-
port for multiple messaging paradigms, while stéipturing the
inherent advantages of each. Thereafter, we presesample
interface developed using this data model.

We have chosen to base our approach to unificafionessaging
paradigms by specifying our data model declarativéh a well

defined ontology for messaging using the ResourescBption

Framework (RDF), a Semantic Web technology for graéng

disparate systems and data together [3]. The ayto® under-
stood and complemented by related driver codettaaslates the
sending and receiving of different message typetecappropri-
ate underlying protocol. RDF is easily expressiblea portable
format for describing semantic networks or labeldidected

graphs [2].

Table 1: Existing messaging systems

Synchronous Asynchronous (generally
(generally not | persistent)
persistent)
Private Instant Messaging| Mail
Public IRC Newsgroups, Annotatior,
News feeds

This decision serves our goal well on several 8onFirst RDF

supports a semi-structured modeling scheme thatvallus the
flexibility to not only capture the core aspectsneéssaging, but
also the unique characteristics of different mesgspgaradigms
(e.g. the notion of presence awareness does raitiexasynchro-
nous messaging, but both synchronous and asynalsomes-

sages have senders and receivers). Thus we cagl moariety

of concepts, from annotations to news feeds. NBKIF also

allows us to capture entities that can simultankgydwesve multiple

types, e.g. a message can be both a meeting reapesither an
e-mail or instant message. Also, the RDF data iddes not

restrict the modeling to a strict message typeahétry, thereby
supporting future extensibility in integrating ne@mmunication

paradigms. Finally, the RDF model enables excipogsibilities

with semantic messaging that we discuss furthéuitire work.

Our objective in developing the data model and $amger inter-
face is not to show the perfect approach to urifyimessaging,
but rather to make the case that doing so using RO#essible,
and has not just significant advantages over diesiguo not, but
also provides a tangible application and a souocecfitical in-

formation mass needed for realizing the vision hed Semantic
Web.

To fulfill the RDF data model, we are building soppfor unified

messaging into Haystack, an information managerpesject at
the Computer Science and Artificial Intelligencebbeatory at
MIT. The goal of the Haystack project is to devempool that
allows users to easily manage their documents, iemessages,
appointments, tasks, and other information. Hakstses RDF to
describe the connections between different docusmiend user’s
corpus as well as the metadata concerning eachradu Hay-
stack’s user interface exposes general tools fawinig and navi-
gating the various kinds of information found ir thser’'s corpus.

4.1 Unifying the Data M odel

In this section we discuss the various elementsuofmessaging
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 gintological
specifications of how to represent people, messageshigher
level semantic groupings of messages, e.g. dismssthreads,
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Message 2 from Address speci-
fication
has member Message Body
has body
has text

in reply to

Message 1

Figure 1: M essages modeled according to our ontology

by defining a set of classes and properties (a#lect predicates).
These representations generalize the notions afeserecipient
and reply threads and form the basis of our mesgatata model.
This model allows us to aggregate arbitrary typ&snessages
thereby supporting the types of medium interchapgeple often
make (e.g. switching from a public post to a pevetmail discus-
sion) while at the same time capturing the entoeversation to
maintain message context that is so crucial invidiets such as
task management [4][5]. We avoid detailed discussibindivid-
ual message type enhancements on the data modshiplicity;
they can similarly be modeled (e.g.,@nl i neSt at us property
can be associated with a person to track his/hiéneostatus for
instant messaging). We realize the ontology bytedlariver code
that abstracts away the complexities of the varionderlying
protocol implementations and allows the model amdrface to
address messaging in a user-centric manner sartéiay of the
deficiencies in existing systems can be addresst#teaoot while
simultaneously facilitating uniform functionality.

4.1.1 ldentity and Addressing

Each messaging protocol currently maintains its caduress
scheme. For example, SMTP servers are programmegzlite e-

mail messages according to recipients’ e-mail esti® When a
message is specifically directed to be routed bgmeeof a par-
ticular address, the system needs to be able ddvecthe address
to a driver capable of interpreting it.

Whereas most current messaging systems have & sitegitifier
which is used for both identification and addregsiour unified
messaging ontology necessarily distinguishes betwibe two
concepts since the same person may have a diffadeiess for
message delivery (e.g., multiple e-mail identifidid accounts,
etc.), or several people may be sharing the sardeessl How-
ever, it is not necessary for those sending messageoncern
themselves with the specific address by which asags will be
sent. Instead, people can be represented diregtiydans of the
Per son class. Recipients and senders are specified lgnioss

mailto:john@
some.org

person

“So what's left to
complete the TPS
Report?

John”

of the Addr essSpeci fi cati on class. Address specifications
can specify either a specific address or a perssource, or both.
People can be associated with addresses withaksé&ddr ess
predicate.

A few clarifications on identity and addressing avarranted.
Although we have mentioned identity in the contek& person
for simplicity, it is important to realize that matimes, it is not
the person, but the role that is the target of asage (e.g., send-
ing a message to the webmaster), and hence wedarpamotion
of identity to include both person-based and ralseul identities.
Also, we draw a distinction between the notionmBadience and
an address. Whereas a message is eventually atliragsed at
an address, the audience is not necessarily defiRed example,
a message may be directed to a newsgroup or wikithe audi-
ence depends on the dynamic subscriber list ohévesgroup or
frequent (and possibly unknown) visitors to the iwileb. Al-
though an address generally implies a well knowdience, this
may not always be the case. We only attempt toeirtheé notion
of address in our current work.

4.1.2 Messages

In order to incorporate the various forms of mesgagvailable,
we define the clasbkessage in a very general manner. In our
system a message is a unit of expressive commioricaains-
ported from senders to recipients. This definitalfows us to
unify the concepts of instant messages, e-mailwsg®up post-
ings, annotations, chat, and even articles deli/ei® news feeds.

Messages come in various forms. The bulk of allsagss are
textual, but in the context of the Semantic Wel &lso useful to
provide for messages that conform to some estaulisithema,
such as meeting requests, money orders, or evdndvatements.
However, it is important to note that objects sashtext docu-
ments, financial statements and currency can existide of mes-
saging environments. The notion of message is indgnt and
to some extent orthogonal to the notions of textusiaents and
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Mary Smith:

that should counterbalance.

Mary Smith:
Thanks, Mary

[] Hope this helps.
-Jim

Il Acme Hardwood report — 20 Oct 2003

Jim Brown:

Acme Hardwood, Johnson Vacations lowered to Reduce
Firms at risk from huge exposure to real estate bubble in Bulmania,

[&] May want to wait and see before selling Acme Hardwood
Despite deteriorating real estate prices in some areas, Acme holds properties that are increasing in value

[ Hi Jim, can you get me a copy of the latest Acme Hardwood report?

Last Tuesday, 12:00 PM

Last Tuesday, 4:00 PM

Last Tuesday, 4:30 PM

Last Tuesday, 4:35FPM

lohn Doe:

Acme Hardwood not likely to benefit from new properties in Koronia until 200404
Despite attempts to diversify, Acme Hardwood susceptible until well into next year.

Last Wednesday, 12:00 PM

Mary Smith:
Acme Hardwood not likely to pick up until next year,

Mary Smith:

Jim Brown: 1 Meeting: Mary Smith and Jim Brown

Description:
All set. -Jim

Date/time:
Last Thursday, S:00 AM

Location:
12-345a

[&l Update: selling Acme Hardwood deemed prudent

@j Hey Jim, can set up a meeting for tomorrow? I want to go over some of our analysis for Acme Hardwood.

Last Wednesday, $:00 PM

Last Wednesday, 4:35PM

Last WWednesday, 4:45FM

Figure 2: Example conversation

financial statements. Therefore, we define a mesaag resource
for which a sender and a set of recipients areifsp@cA message

also contains a body, which can be of any type knbwthe sys-

tem.

4.1.3 Conversations

Built up from messages are higher level aggregatibat model
patterns of communication or define other userifipdocontexts.
We highlight conversations (i.e., user-defined eats) in this
subsection.

Like message threads, conversations consist ofllaction of
messages, but the connection between messageiversation
is defined by the user and tends to be more loadefiyed by a
more generalized topic/context than those in aathf@nd hence
not necessarily based onnRepl yTo connections). Thus,
whereas the threads can be used as a startingfpoatonversa-
tion, the user can add other threads to the coatiensthat are
relevant or remove unrelated messages (e.g., Wdraeane sends
a message to another by locating the last messagéved from
that person and clicking Reply).

4.1.4 Messaging Drivers

Our ontology is designed specifically to work wekisting mes-
saging systems. As a result, the base of our miessagrastruc-
ture consists of a series of drivers capable oflisgnand receiv-
ing messages over protocols such as POP3, SMTPJatrzkr.
When a message is to be sent, the system mustlde¢oatieter-
mine which of the available messaging drivers ist tsaiited to
delivering the message given the circumstances.

Messaging drivers are responsible for emulatingtionality that
is not normally available in the underlying protbdeor example,
e-mail uses MIME headers to describe metadata coincethe
messages, whereas IRC messages typically have tadate
Techniques such as encoding messages in SOAP pesatan be
employed in these cases [12]. Messaging driverslacerespon-
sible for incorporating messages into Haystack's~REpository,
which makes messages accessible via the useraicgerThis re-
sults in all messages being persistent. Finallyssaging drivers
for protocols that support particular propertieg, ,eawareness of
presence, are responsible for keeping these prepern to date
in the RDF store.



4.2 User Interface

Our unified messaging ontology gives us a meansntegrating
currently available modes of communication in ateegible fash-
ion. However, for the user to realize the benefitthis ontology,
the user interface must be carefully constructetbasapture the
expressiveness of the underlying data model whiserving the
benefits of the specific systems highlighted earlie

To illustrate how our user interface takes advamtafythe data
model, we will refer to the example conversatiovegiin Figure
2. The mocked-up scenario we pose features a digtygeen two
stock analysts working at the same brokerage, whigs Web
logs internally to keep fund managers and othesgrarel in-
formed. John (real estate market analysis) andyMgeneral
analyst) are attempting to resolve some differencetheir out-
look for a particular stock that they are both waig.

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

1. Mary checks her inbox and notices that John has
dated his blog on the real estate industry outloSke
notices that he has downgraded Acme Hardwood
cause he feels the real estate market will be gdavgn
according to a cyclical trend. However, her resledias

indicated that Acme Hardwood has just opened an of-

fice in Koronia, where real estate is booming. ¢&n
she feels that fund managers would be ill adviselt
low John’s recommendation. She refers to his ngessa
and posts a correction in her blog.

2. John notices a reply from Mary and posts an uptiate
his blog indicating that whereas it is true thatm&c
Hardwood has opened an office in Koronia, it wiblt n
be fully operational for another year. Thus, f@sam-
mendation stands.

3. Mary is concerned that her data might be inacclaate
asks for a company report from her colleague Jithén
research department.

up-
be-

Mary, is capable of responding to a blog messagawother blog
message. (Literally, an in-reply-to property is geld into the
blog’s RDF/RSS 1.0 file on the server.) This toowdobe intui-
tive from the user’s point of view in some cas&he sends the
reply both to her blog and John. John respond#asiyn Next,
Mary issues a request to the research wing of ithe fnd re-
ceives the requested data semantically marked upatshe can
appropriately query it. Mary then replies to Johlsg entry with
a different kind of message interleaved in theatréan e-mail),
but one that is treated as any other message. Miscy, can create
a new context, “Secondary Review” and send a mgetquest
within it via IM. Thus, she is able to use an amtmodality of
communication without sacrificing semantic expriegisy as well
as create a context priori. Furthermore, since the message
semantically encoded, it can be automatically redpd to by
Jim’'s agent. The hidden negotiation between tleatsgs logged
as a thread but only its final message is to May dm, confirm-
ing the appointment. It can be accessed if neegedldry. Fi-
nally, Mary can retrospectively add the discussiath John to
the current conversation using drag and drop toigeobetter
context for it. Users can also add messages toecsations by
treating the conversation as a category.

Note that the two options given in our interface axtremes of a
more general spectrum; one could imagine the sespmifying a
particular “read by” date and/or time. Also of natehe way mes-
sages of different types—here, textual and machinegssable
structured messages (e.g., meeting requests,tionisaetc.)—can
be combined within the same conversation.

5. DISCUSSION

Our work discussed above presents a solution &rareal prob-
lem by employing RDF as a central Semantic Web rteldyy

that can be used to better model communicatioresysis mes-
saging paradigms. As a result, the solution exhidinumber of
desirable characteristics for various parties thatild otherwise
have not been possible. Also, although the probtemld be

4. Mary receives data capturing key company measures solved without explicitly resorting to RDF and tBemantic Web,
from which she extracts only those that are forward we feel that electronic communication comprisesigmificant

looking. She realizes that she has indeed midsed t

fact that the office will be operational next yeShe re-
plies to John’s blog update and issues a correction

5. Mary creates a new conversation (“Secondary Reyiew”

and sends a meeting request via instant messatjmto
in its context, in order to hold a meeting to revite
outlooks for all companies she oversees.

portion of not just Web traffic, but Internet triafias well. Thus,
it would behoove a solution to the problem to stipse and in-
teroperable with the future direction of the Wovide Web and
Internet. Also, applying RDF to this problem mdipw us to

bootstrap the Semantic Web by building into it angiee that
continuously generates semantically marked up nédion. Us-
ing RDF in our solution brings allows it to be fawds compati-
ble and one step closer to realizing the potenfidhe Semantic

6. Jim's and Mary’'s meeting manager agents negotiate ayap.

free time, and book the appropriate room with telif
ties agent for the meeting. Mary’s agent notifies she
has a meeting with him at 9am Thursday.

7. Mary then adds the previous thread of conversatitim
John and her earlier messages with Jim to thisersay
tion in order to maintain proper context for thewne
conversation.

This example illustrates several interesting cdjigds that are

presently not possible with existing messagingesyst The ex-
ample starts out with Mary receiving a message ¢hatipsulates
the incremental change that John made to his bldgereas cur-
rent changes supported by blogs overwrite previ@ssilts, it

would certainly be nice to get incremental upddtegshem as
messages if they are being closely followed asis ¢ase. Next,

Developers benefit from a unified data model foissaging as it
allows them to quickly and easily support multipteessaging
paradigms as well as rapidly incorporate new orfasithermore,
the expressive power facilitated bysiagle, flexible data model,
such as RDF, allows them to provide users with tionality not
possible heretofore, e.g., capturing and co-logationtent re-
gardless of transmission protocol, a step towaetisving infor-
mation overload. Another artifact of our genemdizreatment of
messages is that it provides common user intefiaeetionality
across all messaging paradigms [13]. For exanipbelies of
messages can be spellchecked in e-mail clientsdiuin IM cli-
ents; worse yet, e-mail clients support spell chegkor the body
but not for the subject of the message. With aaunmifdata model,
both the body and the subject of a message capdielecked
regardless of message type because they are batfietds. Fi-

is



nally, developers can provide users with uniformctionality
regardless of message type, e.g. the ability ¢osiind a picture to
an RSS feed or over IM.

Whereas, HCI researchers are constrained to uaderstser be-
haviors (e.g. task management) within a particut@ssaging
paradigm, e.g., e-mail, they can now begin to ustded these
issues, unfettered by such artificial restrictiong&urthermore,
similar to developers, a unified approach to masgaga a uni-
fied data model gives HCI researchers the expressapability
they need to capture user level behavior metapthatscan sup-
port appropriate Ul interactions.

Finally, users gain the most from our approach éssaging. Our
prototype built on Haystack represents an evolatiprstep in

terms of providing a single, unified interface gupporting inter-
personal and group communication. This unificafiooduces the
desirable effect of maintaining context and makinfiprmation

conveniently accessible by co-locating semanticalgted infor-

mation, which is crucial from a usability perspeet{4]. Such a
capability has heretofore been impossible due & stgregated
nature of existing messaging paradigms and thepeetive cli-

ents. By supporting a heterogeneous set of mesgaee we have
preserved and tied together the existing communitatapabili-

ties supported by popular systems such as e-mdilMn result-

ing in a sum that is greater than its parts.

Some might argue that the plethora of messaginp@ots is an
advantage that should not be abandoned—that theeesésof IM
implies that a user's mailbox does not get fillgdwith the time-
sensitive or off-hand comments that are commoivindr that the
existence of a news reader means that the usedexade to be
“checking news” for some period of time without tged side-
tracked by work-related e-mail. But, the unifigugbeoach sacri-
fices none of these benefits. Whatever “physigadftition of the
information is created by multiple protocols, cadimulated by
a “logical” or “virtual” partition of information m the unified
environment. Messages delivered by IM can be stoadly
marked so, and a view can be defined that shows raeksages
not delivered by IM. A specific folder can be definttht con-
tains all arriving news. At the same time, thefiedi approach
lets the user break down those partitions whenakes sense.
For example, an instant message that triggerechgthg e-mail
discussion can be moved into the same conversatioiie e-mail
from certain mailing lists might want to interleawgith the
“news" from RSS feeds instead of occupying theoinbecause
they both discuss the same topic.

We can leverage our data model to reduce the itygibblems
with current messaging systems. As Whittaker points e-mail
(and similarly, other messaging systems) subjéwsuser to in-
formation overload, resulting in important messages being
attended to [4]. This drawback is primarily dueat@ombination
of the high rate of information arrival, users liagktime or being
unwilling to file items away and a lack of featurdmt mitigate
the effects of overload such as flexible messagtisttracking
capabilities, reminder scheduling, semantic clirsgeof loosely
related items and more powerful IR support. Byingsinessages
and conversations into RDF, we gain a persistestri#ion to
which we can add additional metadata that will ioyer searches
and other information retrieval techniques. Fornepke, a mes-
sage can be annotated such that the user canaissottier key-
words with it such that future searches on thosevkeds will
bring up the message. Hence, users will be balier to reduce
“noise” and manage information overload by beinging to file

information without worrying about not being abtefind it later.
By creating higher-level organizational conceptshsas conver-
sations and categories, users are able to consoliifferent types
of messages with similar topics together, reduchme clutter in
users’ inboxes, while having more intuitive ways riavigate
through their message corpora. Furthermore, they dm@ this
organization as needed, after the fact.

We have discussed various advantages of our system the
message receiver’s perspective. However, thersaame possible
drawbacks for both the sender and receiver. Witltent sys-
tems, the sender does not have to decide how (whe&tsaging
system to use) to send the message. That dedssiomplicit in
the application chosen to send the message. Irsymiem, the
user would explicitly need to specify where and itbes message
is being sent. However, we feel this should notbg greater a
burden than it currently is; just a different kiofldecision. Also,
receivers who have so far relied on different agion contexts
to implicitly file their messages may now have ¢arh to file in
the new system. Nevertheless, this can easilyvieecome, by
providing pre-packaged virtual folders that corasp to current
application boundaries, e.g. e-mail messages, retas,

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

6. FUTURE WORK

Much work remains to be done in order to producenamitive
system that can be employed by users on a dailg.b&lshough
we have asserted a unified messaging model to érilusiser
studies are required to understand whether useferpa unified
user interface to the status quo.

Finally, we hope to further exploit RDF's capalyilito encode
arbitrary metadata in order to realize other u#ighilenefits. By
employing richer forms of semantic markup in orderbetter
describe the nature of messages being sent, CS@Wtatons
(e.g., workflow management) and automated filtetogs can be
integrated into users’ messaging clients. For exenifpa piece of
information being sent has already been charaetkrian the
sender’s end, the recipients’ systems may be abdeitomatically
file the information into the proper categoriespoocess requests
embedded within the information (e.g., negotiateeting time
and place). Also, it is not inconceivable to imagithe user’s
system serving as a “gatekeeper” for the user, giagaa user’s
inbox by prioritizing received information for thuser's consump-
tion. Finally, senders can also begin to realizediits by sending
semantic messages such as a voting survey messapbave the
responses automatically tallied, rather than haveogen each
message separately to get the results.
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