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Abstract. In this paper, we propose a new content-based publish/subscribe
(pub/sub) framework that enables a pub/sub system to accommodate
richer content formats including multimedia publications with image and
video content. The pub/sub system besides being responsible for match-
ing and routing the published content, is also responsible for converting
the content into the suitable (target) format for each subscriber. Con-
tent conversion is achieved through a set of content adaptation operators
(e.g., image transcoder, document translator, etc.) at different nodes in
the overlay network. We study algorithms for placement of such operators
in the pub/sub broker overlay in order to minimize the communication
and computation resource consumption. Our experimental results show
that careful placement of these operators in pub/sub overlay network
can lead to significant cost reduction.
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1 Introduction

Publish/Subscribe (pub/sub) systems provide a selective dissemination scheme
that delivers published content only to the receivers that have specified interest
in it [1,3,5]. To provide scalability, pub/sub systems are implemented as a set
of broker servers forming an overlay network. Clients connect to one of these
brokers and publish or subscribe through that broker. When a broker receives a
subscription from one of its clients, it acts on behalf of the client and forwards
the subscription to others in the overlay network. Similarly, when a broker re-
ceives content from one of its clients, it forwards the content through the overlay
network to the brokers that have clients with matching subscriptions. These
brokers then deliver the content to the interested clients connected to them.

In this paper, we consider the problem of customized delivery in which clients,
in addition to specifying their interest also specify the format in which they wish
the data to be delivered. The broker network, in addition to matching and dis-
seminating the data to clients also customizes the data to the formats requested
by the clients. As the published content becomes richer in format, considering
content customization within the pub/sub system can significantly reduce re-
source consumption. Such content customizations have become more attractive
due to recent technological advances that has led to significant diversification
of how users access information. Emerging mobile and personal devices, for in-
stance, introduce specific requirements on the format in which content is de-
livered to the user. Consider a distributed video dissemination application over
Twitter [2] where users can publish video content that must be delivered to their
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followers (subscribers). Followers may subscribe to such a channel using a vari-
ety of devices and prefer the content to be customized according to their needs.
Additionally, device characteristics such as screen resolution, available network
bandwidth etc., may also form the basis for required customization. Another
example of such customized content dissemination system is dissemination of
GIS maps annotated with situational information in responding to natural or
man made disasters. In this case, receivers may require content to be customized
according to their location or language.

Simply extending the existing pub/sub architectures by forcing the sub-
scribers or publishers to customize content may result in significant inefficiencies
and suboptimal use of available resources in the system. Therefore, there is a need
for novel approaches for customized dissemination of content through efficient
use of available resources in a distributed networked system. The key issue in
customized content dissemination using distributed pub/sub framework is where
in the broker network should the customization be performed for each published
content? An immediate thought is to perform requested customizations at the
sender broker prior to delivery. Such approach could result in significant network
cost. Consider a simple broker network in Figure 1 where node A publishes a
high resolution video in ‘mpeg4’ format and nodes G, H and I have subscribers
that requested this content in ‘avi’, ‘flv’ and ‘3gp’ formats, respectively. By per-
forming customizations in the sender broker, A, the same content is transmitted
in three different formats through <A, B> and <B, D> links which results in
increased network cost. The alternate might be to defer customizations to the
receiver brokers or broker D. Consider another case where J, K and L have
subscribers with hand held devices that requested the video in ‘3gp’ format. If
the customizations are deferred to receiver brokers, conversion from ‘mpeg4’ to
‘3gp’ is done three times, once in each receiving broker which results in higher
consumption of computation resource in brokers. This also increases the commu-
nication cost by transmitting larger size video in ‘mpeg4’ format while it could
be transmitted in ‘3gp’ format that has smaller size.

The resulting communication and computation costs can be reduced by intel-
ligently embedding customization operators in the pub/sub overlay network. For
instance, the increased network cost in the first scenario could be prevented if the
published video is sent to broker D in the original format and the customization
operators are performed in this broker. Also by performing the conversion once
at broker A or C, computation cost can be reduced significantly in the second
scenario.

The above example shows merit of placement of operators in the network.
In this paper, we explore this problem systematically and develop algorithms
for efficient placement of operators. We model published content and required
customization operators as a graph structure called Content Adaptation Graph
(CAG). Then, we propose an optimal operator placement algorithm for small
CAGs. The proposed algorithm performs the required operators in broker overlay
such that the resulting communication and computation cost is minimized. For
the larger CAGs, we show that the problem is NP-hard and propose a greedy
heuristics-based iterative algorithm that significantly reduces customized dis-
semination cost compared to the cases where customizations are done either in
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the sender broker or in the subscriber brokers. Our extensive experiments show
that the proposed algorithms considerably reduce bandwidth consumption and
total customization cost in variety of scenarios.

The overall contributions of this paper are:

— We formally define the customized content dissemination, CCD, problem in
a distributed pub/sub systems (Section 2). We also show that CCD with
minimum cost is NP-hard when the number of requested formats is large.

— For small number of requested formats where enumeration of format sets is
feasible, we propose an optimal operator placement algorithm in pub/sub
broker network that minimizes the customization and dissemination cost
(Section 4).

— For large number of requested formats we propose a greedy heuristics-based
algorithm (Section 5).

— We present results of our extensive evaluation of the proposed techniques
that show the considerable benefit of using them (Section 6).

We finally present related work in Section 7 followed by conclusions in Section
8.

2 Customized Content Dissemination

DHT-based Pub/Sub systems: Our CCD system architecture is based on a
DHT-based pub/sub system [10,11]. It consists of a set of content brokers that
are connected through a structured overlay network. Each client connects to one
of the brokers and communicates with the system through this broker. Often in
DHT-based pub/sub, content space is partitioned among the brokers. Each bro-
ker maintains subscriptions for its partition of content space and is responsible
for matching them with publications falling in its partition. In fact, each broker
is the Rendezvous Point (RP) for the publication and subscriptions correspond-
ing to its partition. When a broker receives a subscription from its client, it first
finds the broker(s) responsible for partition(s) that the subscription falls in and
forwards it to them. Similarly, when a broker receives a published content from
its client, it finds the corresponding RP broker and forwards the content to the
RP. The content is matched with the subscriptions at the RP and the list of
brokers with matched subscriptions is created. Then the RP disseminates the
content to all of these brokers through a dissemination tree constructed using the
DHT-based routing scheme in the broker overlay network. Finally, every broker
(with at least one client having a matching subscription) receive the content and
transfer it to the respective clients. Since a broker acts as a proxy for all clients
that connect to it, we can assume that it is the the subscriber or publisher and
therefore simply concentrate on the broker overlay network. Various DHT-based
routing techniques have been proposed in the literature [7,8] that can be used
for routing content from RP to the matching brokers. In this paper we use the
Tapestry routing scheme [7], however, we can easily generalize our approach to
other DHT-based routing schemes. In this paper we assume that given a set
of subscribers (receivers), a broker can construct the dissemination tree as in
Tapestry which then remains fixed for this particular instance of the dissemi-
nation event. For more details on dissemination tree construction we refer the
interested reader to [9]. We choose the DHT-based pub/sub on Tapestry for a
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variety of reasons, two important ones being (i) In DHT-based pub/sub systems,
for a given publication, a single broker (RP) has complete information about all
brokers with matching subscriptions as well as formats in which content is to be
delivered to them. (ii) Tapestry enables brokers to estimate the dissemination
path for content, which is used to estimate the dissemination tree. Note that
the estimated dissemination tree may not be same as the actual dissemination
tree. An alternative for using the estimated dissemination tree is to discover the
actual dissemination tree using a tree discovery message that is initiated at the
RP and sent to all subscribing brokers. The leaf brokers in the dissemination tree
then resend the message to the RP. Each message keeps information about the
route from the RP to the leaf brokers which is then used by the RP to construct
the exact dissemination tree for the given publication. In this paper we use tree
discovery messages for constructing dissemination trees for publications. Figure
1 depicts a sample dissemination tree.

2.1 Content Adaptation Graph

We assume every client has a profile describ-
ing receiving-device characteristic (e.g., screen
size and resolution) and connection character-
istics (e.g., connection type and bandwidth).
The client profile is registered at its broker
and is used to determine the format(s) in
which content needs to be delivered. Each sub- a b
scription of the client along with its profile is ) ) | k
forwarded to the corresponding RP which uses
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