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Abstract— The pace of technological change requires applica- through the addition of new services. The resulting service
tions to constantly evolve. Service Oriented Architecture (SOA) griented architecture defines the services of which theesyst
promises to render this evolution more flexible. We are developing is composed, describes the interactions that occur amang th

an application that allows collaborative authoring and manipu- - ¢ lize desired behavi d th -
lation of multimedia documents. This application is defined in SErvices 1o realize desired behavior, and maps the Semices

terms of services, and partly based on the Jabber set of prototn ~ ON€ Or more implementations in specific technologies.
We measure the performance of the application when used over We present a study of how to aggregate services provided by
the Intemet and using a public Jabber server. a Jabber framework to create an ad-hoc collaborative aathor
tool. This paper is organized as follows. In Section 2 we
present related work, while in Section 3 we describe our
Service Oriented Architecture (SOA) promises greatelesign. Sections 4 and 5 provide implementation details and
adaptability of business processes to new and evolving buskperimental results respectively. Finally, Section 6spris
ness realities. Conceptually, we can represent it as atigiits our conclusions.
being built on top of services (and not frameworks), or
alternatively as reversing the relationship between sesvand Il. RELATED WORK AND CONTRIBUTION
frameworks - services are now built on top of frameworks -
allowing for specialized and highly-tuned services to de th The present work can be compared with works in many
work required by an application. The concepts of functitipal different categories, starting with research in collabeea
and service in SOA are closely related. Although what orenvironments [8]. Many tools, frameworks and middleware
can considerfunctionality to be is virtually unlimited, what exist in literature. For example, [12] explores allowingrssto
is a service depends how a specific functionality is packagecbllaborate on a multimedia presentation. It requires vewe
and offered to anyone interested in that functionality. an application-specific TCP-based protocol, and the eniphas
Services are self-contained and operate as black boxes;ilplaced on the authoring tool that is subsequently inter-
necessary components to accomplish a specific functignafiaced with communication and concurrency control modules.
are encapsulated within the service and consumers neithei{10], authors explore the possibility of listening for can
know nor care how they perform their function, as long adistributing user events, reconstructing the interactiith the
they return the expected result. Those characteristicaldhoapplication and thus sharing Java applications. Insteadiafy
make a service independent of consumer context, allowiaglabber framework, an infrastructure presented in [3] @n b
reuse in contexts not known at design time. Services expaadstituted. It supports development of scalable and evolv
their functionality through interfaces. The requirement oable applications composed of loosely-coupled servicas th
those interfaces is that they bevokable in a standardized communicate via XML document exchange. Finally, service
way. The service itself may be within the same applicatiocomposition in the context of Web Services (WS) is an active
or in a completely different system on the Internet but theesearch area [5].
interconnect scheme or protocol used to allow the invonatio To the knowledge of the authors, no previous attempt has
should however be open and standardized. This in turn regjuibeen made to develop a distributed multimedia authoring
open and well-understood way of publishing, finding angdpplication using Service Oriented Architecture where esom
binding to services. The infrastructure components reguirservices are provided by the Jabber set of protocols. Aithou
to make the connection can be diverse since services maytite underlying technologies are known, this specific combin
implemented on a single machine or distributed across a geh of tools and approaches is novel.
of computers on a local area network [7]. Services can be
composed into other services - based on quantifiable quality I1l. DESIGN
of service, for example - and offered transparently to the
consumer, as one service. Exposing functionality as sesvic At its basis, a collaborative authoring tool needs two ser-
allows greater flexibility in application design and intaion. vices, document consistency and group communication. Con-
The application as a whole is designed and implemented sastency broadly means ownership management and requires
a set of interactions among services. An application ewlvevo functionalities, synchronization (common conceptii)

I. INTRODUCTION



Services Description Granularity

Multicast A Jabber server usually supports a chat rogm,
which multiple participants can join. Any message Part of the Distributed and Distributed and
issued to the chat room will be forwarded to all document static dynamic

participants in that chat room. A chat room can
be viewed as a multicast group abstraction

Presence Each client needs to establish a connection with a Whole Client/Server Dynamic
server. This connection information can be made document relationship ownership
available (depending on security and privacy pqli-
cies in effect) to other clients

Messaging A client can send short XML-based messages
any other connected client

Duration

-

(o]

Over the whole  Over a fraction of
TABLE | session the session

SERVICES OFFERED BY AJABBER-BASED FRAMEWORK

Fig. 1. Design space of document ownership management. Theewhol
document, or part thereof, can be owned by a participant foeethe duration
or a fraction of a session. Our implementation is distributad dynamic
(highlighted)

and causality (precedence relation). Group communicatien

plies both group notifications and bulk data transfer renqgir

naming, addressing and routing functionalities. B. Collaborative Authoring from Services

How good those services are will ultimately influence the \we see that the multicast and messaging services will gatisf
efficiency of the business process. Responsiveness, tiee tiffe need for group notification service. Jabber-based frame

necessary for the system to respond to users’ actions, &tk does not however provide bulk transfer and ownership
fidelity, the degree to which the end result is similar for alhanagement services.

users, form the basis of our evaluation criteria. Jabber servers do not handle large amount of data, therefore
) bulk transfer service needs to be implemented by another
A. Jabber-based Services framework. A simple web service offering document storage

Jabber [1] is a set of streaming XML protocols that enabRNd retrieval (with possibly access control) can be used to
participants to exchange structured information in closetl disseminate data among clients. We have implemented a web
time. Two of those protocols in particular are the extersibperver based solution using HTTP transfer, but without web
messaging and presence protocoi (XMPP) defining messﬁngiCe interface. Another pOSSlbl'lty is a service based o
ing, presence, and request-response services between BhA framework, in order to distribute the cost of large data
two network endpoints, and instant messaging and presefi@hsfer to participants. We are currently working on this
protocol (XMPP-IM) defining instant messaging and presené@proach.
functionality. Jabber does not require any specific network Without a specialized server-side component (such as a
architecture, but following examples of many instant mgssadatabase), a Jabber server has no concept of a document.
ing applications, we are implementing a simple client/servHowever, we can leverage the existing group notification
architecture. We are using Jabberd 1.4 software for Jabi§€fvice in conjunction with the presence service to impleme
servers, and we build our own Jabber client based on tA&nership management distributed over participating suser
Smack API [2]. As a networking technology, Jabber offer§he design space of such an approach is illustrated in Figure
the following four functionalitiesNaming describes a user's 1. The termdistributed means that participants share control
identity. Names are drawn from an infinite space of global§f all ownership decisions. In later sections we show how the
unique Jabber Identifiers or JID. A valid JID contains #istributed and dynamic solution is implemented.
set of ordered el_ements for_med_c_:f a fully qualified. doma}in IV. | MPLEMENTATION DETAILS
name, locally unique node identifier and resource identifier ) ) ) _ .

Addressing, which defines globally unique IP addresses of The main collaborative authoring funcnonahties are pro-
Jabber serversBinding resolves the fully qualified domainV'ded by Jabber Database Access (JDAd an interactive

name within JIDs into IP addresses through DNS. Locaif"bber Collaporation Interface (JCI) components. Both-com
portion of the JID is resolved locally by the Jabber servfonents are mt_erfaced _tq Jabber through_ the SmaCk API and
Routing defines on which connection a packet should be sefft, the application-specific code. To avoid the inclusion of

Jabber servers communicate only with other Jabber servéighormg semgntics in JCI, a Document Object .Model (POM)
and with Jabber clients it currently serves. Is used to mediate between JCI and the authoring application

Services offered by a Jabber-based framework are shownTiﬁe schemailc 1S prgsented In Figure 2.'
Collaborative applications need to strike a balance batwee

Table 1. Note that we are not using certain functionalitieshs X tibl . ts 1111 hiah I
as chat room playback and potential server-side componewg incompatible requirements [11], high responsiven a

as t.h('i"y are defined and controlled py the Jabber SeIVEeIjpA allows clients to access a local or remote database. Itnetl be
administrator and are thus not standardized. discussed further due to space limitations.
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Fig. 2. Schematic of the collaborative multimedia authoringligation. Components highlighted in blue are specificatfypiemented for this application

high concurrency. Perception of quality depends on the-timebjects’ characteristics and collaboration goals. Objen
liness of response of the system to other users’ actiom® private, or obtained from another participant using the
whereas concurrent users’ actions cannot result in a djobalDA component. Interaction between users takes place in the
inconsistent state, even in the presence of conflicts. In aollaborative space. This is where users become aware of
implementation, we focus on the high concurrency requirether participants’ actions and contributions. This sp&ce
ment - based on group notification, while we assess the higpplication-specific and there should be no restrictionshen
responsiveness requirement from users’ application litgabi metaphor used to represent this space. To keep things simple
perspective. Group notification determines when, what, andr prototype application allows the user to add and order
how updates generated by one user are propagated and nmdkimedia objects spatially on a 2D finite plane in such a
available to other users [9]. way as to match (in a puzzle-like way) what other participant
The implemented notification mechanism conforms to ti&re doing.
process group model - the distributed system is treatedals a ¢ The document object model (DOM) is an XML file spec-
lection of users that communicate by sending multicast mefing the relation of multimedia objects to the collabdvat
sages. Ensuring message delivery in the presence of deldysgpace metaphor. For instance, an image will occupy a certain
link failures is provided by the Jabber protocol impleménta area at certain position of a specific surface on a 3D object. F
while our implementation addresses the issues of condurrégmporal objects, another variable would specify the domat
message ordering and changes to group membership. The @iChis relationship. Whatever the application, the undedy
component uses the conference (chat) room service providésl component can still be used since the DOM describes
by the Jabber servers. where conflicts may occur, and as such, is the interface
A notification policy determines when updates should deetween the application and the JCI component. For testing
propagated, and depends on specific requirements of the Rgposes a DOM that defines sixteen areas to which images
plication. In our prototype, users’ actions trigger an inciiage  are added is used, and as the end result of the collaboration,
update, if allowed by a locking mechanism. This locking collage of pictures is obtained.
mechanism is a type of floor-control technique [4], which .
should prevent conflicts from arising. In the rare case a imonflA- Collaboration Protocol
does arise from an attempt to obtain a lock, it is automayical |n order to maintain a consistent multimedia document in
resolved by the JCI component. the collaborative authoring context, any modifications enad
The application-specific code contains the implementatigm the collaborative space by a user must be coordinated with
of collaborative space metaphors and semantics for user the actions of all other users. This coordination resuksnfr
tions such as multimedia object creation, modification arall participants granting or denying a lock for the part of th
manipulation. This code is also responsible for enforcitig alocument a user wishes to modify. If the modifications are
the rules specific to the document being created, includiagcepted by all the users, a lock is achieved, and a moddficati
verification if a particular placement of an image will notakes place. This can be seen by all participants after acknl
conflict with another object. The DOM specifies the relatiormessage. The collaboration protocol implemented in the JCI
ship between multimedia objects and the collaborative espasomponent conducts the locking and unlocking of spatiasre
metaphor. The semantics of object placement (e.g. spatialag defined in the DOM.
temporal) need to be defined and understood by all partitdpan The collaboration protocol uses time-stamps to resolve any
prior to collaboration. conflicting lock requests. For each user, the JCI component
Users can add, remove and order multimedia objects. @maintains a list of locks that are currently in place for all
dering can be spatial, temporal or both, as defined by theers along with a list of pending requests that this pddicu



user has made. Requests and replies are carried by group afgltes conceptual sense to have the leader responsible for
and individual messages respectively. There are five typespooviding the authoritative version. When a user joins an
messages that the protocol defines and accepts. These messapty conference room, it becomes the leader and retrieves
types are lock request, accept, deny, lock confirm, and knloand loads the DOM into memory. From then on, the leader
1) Time Synchronization: The time-stamp on each lockis responsible for posting authoritative versions of theNDO
request must follow a standard time that all participanes. ud3Vhen a user joins a conference room that is not empty, it
This will ensure the time-stamps can be compared in tlaavaits a leader declaration message. Before the leades send
event of a conflicting request. When two request are matlés message, it waits for all locks to be unlocked, while all
for conflicting areas, we determine which message has thimer users stop issuing new requests (replies and tinse-out
earliest time-stamp. In order for the time-stamp comparisare still processed). When all locks are unlocked, the leader
to be relevant, it is necessary that users agree on a standasts the DOM and issues the leader declaration message. The
time. Moreover, it is important that this agreement be nokew user then retrieves the authoritative version of DONNfro
jeopardized by factors such as clock drift or any change the designated web server.
the system time. In order to get all the nodes to agree onDuring the course of collaboration and in the absence of
time, we use a light time synchronization protocol based @my group changes, processing an unlock message will update
Cristian’s algorithm [6]. the version of the DOM that the user has in memory. Unlock
One client node acts as time server, or leader. The leadeessages hence contain all necessary and sufficient deftails
sends out a series of values issued from the java call Syise modifications made to the multimedia document.
tem.nanoTime(), whenever a user joins the conference room¢g) Deadlocks: In both the leader election and group
or every two minutes; other nodes do not request them. Evattyanges procedures, clients might have to wait for locks to
user in the room, even the leader itself, then takes whichew® unlocked, which presents a potential deadlock problém. |
time-stamp came through within the shortest delay out of tlaeclient shuts down or its connection to the Jabber server is
series, and uses it as a reference from then on when a tisesered (due to a failure or by design), the server deteats th
value is required. Having each recipient choose the tiraayst the TCP connection to that client has been closed, and assume
that was the quickest to arrive mitigates network jitter. the client has left. The server then sends a presence ntitifica
2) Leader Election: In order for the nodes to obtain ato the other participants, which allows clients to discalld a
reference time, leader election is required. If a user wisjo pending and active requests owned by the disconnected.clien
the conference room (the designated Jabber conference rotfinhowever, a clienthangs (e.g. malicious client) and stops
is the first participant in the room then this user is desigghatresponding while the TCP connection is still alive, regsiest
as the leader. If there are other participants in the room, temitted by other peers would continuously time out. To handl
newly joined user will wait for a leader declaration messagthis case, other participants would need to agree whiclmtclie
Once the newly joined user has received this message, fhded and requires an addition to our protocol.
latest version of the document object model which reprasent A second case when a deadlock can occur is when a client
the multimedia document is retrieved and the collaborati@monnects to the server and receives a message saying it has
continues. joined the group, but is not yet in the group when requesting
In the case where the leader leaves the room, all thee list of participants. This is an artifact of the Jabbewvse
participants in the room will stop issuing requests, wait famplementation found out during the development of our
any locks to be released, and then determine a new leagieototype and happens very rarely. Although not implenginte
A new leader is determined by selecting the user who htids case could be handled by ensuring that the client cannot
the highest hash code of their unique user names. Since epwlteed if it is not present on the conference room roster.
user has access to a list of participants in the room then this
calculation shall return the same result for all users. Ghee
new leader has been selected the collaboration can continug/e have simulated seven distant users collaborating over
once again. the Internet and the evaluation is based on the following
3) Handling Group Changes. Group changes occur whenfive metrics. First, the average total time to request a lock,
a user joins or leaves the conference room and both eveolgain, it, upload a relevant multimedia file, and send out
are handled similarly. Late join arises when a user joinsthe update. When using an actual application built over our
conference room that supports an on-going collaboratibis T component, this metric may correspond to the actual time the
user then needs to obtain the latest DOM, which introducaser has to "wait after” the application. Second, the awrag
two issues, obtaining the latest version of the DOM artime required to lock an area. This metric is calculated by
ensuring that the DOM does not change while the new usaibtracting the time at which a request was submitted to the
is in the process of acquiring it. A file that meets bottime at which it was accepted by every collaborator. This
of those requirements is the authoritative version. Silgila measurement provides a lower bound for the total update time
when a user leaves, its outstanding locks need to be delef€hird, the delays when a user signs in or off. This "delay’wil
and an authoritative version posted. Although all usersehale considered a measurement of the impact on users, since
the same DOM and could therefore provide their copy, it corresponds to a period during which they cannot use the
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application actively. Fourth, the proportion of non-swesfel 8000
requests. This metric measures the negative impact on users
in the form of their changes being rejected by the framework,
requiring the user to reconsider the change they're trying t 6000
make and possibly redo it. Finally, the variation of the abov
metrics with a larger group of collaboration. We will dissus
the variations in performance while having three to sevemaus
present.

We have implemented a script that simulates the behavior of
users collaborating on a multimedia document, and included
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the following three actions: join a chat room for collabarat 1000
and downloading the latest version of the document being 0
worked on, make changes to the document, while updating Number of participants

the local copy when updates are received from other users, in

accordance with the protocol and finally, save a backup cbpyry. 3. Average delays to obtain a lock and make a change asctidurof
the document whenever somebody leaves the conference ropiber of users.

Upon launching, our test program automatically logs in and

joins a collaboration room hosted on Jabber.org serveerAft

joining, a thread is launched to simulate a user who would O S users
drag and drop a new image every seven to ten seconds on the wl 4 users
document, onto an area taken at random, among the 16 fixed . Gusers

. 7 users

predefined areas of the testing document. Once the request is
accepted and the lock confirmed, the script uploads a random
picture to a common HTTP server, through a CGI PHP script.
The picture is picked amongst a set of three pictures, with
the following sizes and likelihoods of being chosen: Pielyr
35kB in size, 50% of the time, Picture2, 75kB in size, 33%

Delay (seconds)
= N
(& o
T

=
o
T

of the time and Picture3, 200kB in size, 17% of the time. di .
Once the picture is uploaded, the area in question is changed X g% W
to reflect the new object, and an update is sent to peers, who o 5 10 15 20 2

Time (minutes)

will in turn update their own copy of the document and mark
the area as unlocked.

We have created a scenario in which clients use different
types of Internet connection, while the Jabber server is the
jabber.org server, which, to the best of our knowledge, is
located in IOWA, US. The first client was running on @ut follows this trend as well. Any user that introduces
computer located in Gatineau (Qubec), which was hosting oidglays (joining the collaboration or downloading) will leaan
HTTP server. This computer was connected to the Interrigimediate impact on the performance of the other parti¢dgan
via a domestic DSL connection with a downstream capacity Figure 3 shows the average of delays to obtain a lock,
of 3.0 Mb/s. This user will be referred to as "Userl”. Anotheand total time to make a modification to the document, as
computer was hosting one user, and was connected to &tunction of the number of users present in the collabamatio
Internet via the wireless network of the University of Otsaw room. The time to obtain a lock and to perform an update
The user on this computer will be referred to as "User2ts relatively stable up to six users, with the majority of
A home network of three computers, running a residentiahanges taking less than five seconds as shown in Figure 4.
cable connection, hosted up to four users: the first two PQsalso shows the per-request total time to make changes to
connected by wire, hosted User3, User4 and User5; atid DOM throughout the life of the simulation, of around
the third one, a laptop connected over an 802.11b wireldggegenty-five minutes. It can be observed that the addition of
connection, hosted User7. Finally, a fourth computer hgstithe 6th user actually lowered the average total update time.
one user, in Ottawa, was connected to the Internet througf'lze system requires up to three seconds on average (with
broadband cable connection. The user will be referred to $&ven participants) to confirm that the area is not locked by

Fig. 4. Time to make a change during the life of the simulation.

User®6. somebody else, and a few more to actually perform the change.
] ) The addition of User7 increases both the time to obtain a
A. Resullts and Discussion lock and to perform an update. We have identified three factor

The general observations are that performance degratieest might affect performance in our experiment. First, mos
gradually with the addition of users, and delays peak whegublic servers, in order to remain reliable and fair to adle @
the seventh user joins in. The proportion of requests timirigchnique called "choking”, and may delay or drop messages
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Fig. 5. Results of issued requests as a function of numberesus Fig. 6. Delay in seconds experienced by users when a spes#icjains
the collaboration.

from a user who is sending heavily. Second, it is expectgf] pending locks, and by the time necessary to upload and
that our script attempts to upload, on average, approxinatgoynload the authoritative version of the DOM. This delay is
10 kB/s worth of data, per user. In the case of the compuigtreasing slowly up to six users. The exception is the agtdit
hosting User3, User4, UserS and User7, running four cligtssf yser7 which caused other members to stop for 27 seconds.
the same time from the same network implies an average of AfR4jysis of log files revealed that it took 23.5 seconds for

kB/s in upload. Taking into account that another bandwidthyser7 to download the latest version of the document model,
consuming application was also running on one of the M@mnich is not explained.

chines (a BitTorrent client) it seems reasonable to belibae Finally, at the point where users were joining and leaving
the upload bandwidth became saturated. A closer |00k ir#0 Yo conference room. we compared sample copies of the

log files confirmed this conjecture, as the upload was obgervg,cument model. Inspection of those copies has shown no
to take much longer as users were added. This alone diregH¥onsistencies between users’ documents.
affects the average total time to perform updates. Finaily

two of our test machines running wireless connections, it is VI. CONCLUSIONS
suspected that this might cause some of the observed spikeg collaborative authoring application will require certai
in delays. basic services which can be supplied by various frameworks.

The result of issued request is shown in Figure 5. Requegi® are using the Jabber framework to provide some of
"not sent” are those that were canceled either because thése services. Jabber was designed to provide near meal-ti
area was already locked, or because the activities wereegaustructured information exchange and thus naturally presid
in order to let a user join the collaboration room. Cancela#le required group notification service. We are using this
requests are requests that were retracted when anothavaserservice, in conjunction with the presence service to create
logging in. Timeout requests are those for which not all ptcea collaboration protocol by distributing the responsiilior
messages were received within 5 seconds; those were dgcument consistency to participating users. The impléaen
issued. Denied requests are those that were withdrawn $@caibn of this protocol mandates a strict document consistenc
another peer attempted to lock the same area a moment befargl presents a great scope for improvements by taking the
Successful requests are those that completed succes¥¥elly application semantics into consideration. Finally, Jalzes
observe a constant decline in the proportion of successfidt provide any functionality for bulk data transport, ahe t
requests when more users participate. One of the reasorcdgresponding service needs to be provided by another frame
that our script attempts to make changes to a randomly chosgitk. The experiments made with this application highlaght
area. The probability of picking the same area increasés Wihat responsiveness remained reasonable with up to sis user
the increasing number of users, in fact if users made regjueghen used over the Internet and using a public Jabber server,
at the same time, arounid— 34%; /167 = 78% of requests and no inconsistencies were found in the resulting copies of
would have at least one conflict. In real life, humans mighihe document.
act somewhat less randomly and make lesser amounts ofuture work includes two main thrusts. The first, is to run
conflicting updates. The increased traffic due to conflictinge experiments on a single high-bandwidth network and to
requests may explain the increased number of time-outs raduce the probability of conflicting requests in order ttaib
well. a measure of the protocol’s performance while in a contdolle

The impact of users joining in is presented in Figure @&nvironment; the second is to compare our implementation to
This delay is introduced by the time necessary to finalizn implementation based on traditional web services stdada
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