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a b s t r a c t

Gossip protocols are a common solution for content-based publish-subscribe. However, in
spite of the advantages that these protocols present in comparison to other approaches, such
as distributed hash tables, they also have inherent scalability issues. In this paper, CCPS
(Caching Content-based Publish-Subscribe) is presented as a publish-subscribe protocol
designed to address these scalability issues. Through caching, CCPS exploits search query
repetition to address load balancing problems. It has been designed having in mind its use
in combination with existing publish-subscribe solutions so as to improve their perfor-
mance. In the paper, the protocol description together with the implementation details of
its fundamental operations are provided, while CCPS performance is evaluated against stan-
dard gossip protocols.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Publish-subscribe has been a hot topic in distributed
systems quite some time now and, depending on its appli-
cation, it is categorized [1] as follows:

� Topic-based: topics are usually seen as identifiers of
groups of peers that are given as keywords and mostly
URLs. Subscription in such systems means that the sub-
scriber becomes a member of a specific group corre-
sponding to the topic.
� Content-based: the subscriptions are expressed using

properties that can be even partially matched against
the content (publications). This scheme is more flexible
than topic based since there is no need for any prede-
fined scheme for the topics.
� Type-based: this scheme is similar to topic-based. The

difference is that there is no externally specified, unique
name. On the other hand, there is a type which is usu-
ally inferred by the nature of the subscription itself.

Systems of all three categories can of course be com-
bined in order to achieve better performance. For example,
peers could be first categorized based on topics and then
use content-based subscription for the shake of expressive-
ness. This paper focuses on the content-based publish-sub-
scribe scheme, where subscriptions carry keyword-based
queries supporting partial matching of content.

Even though there are several ways to support content-
based publish-subscribe, the use of gossip-based
approaches is fostered when content matching should be
performed in the context of the publishing peer. A common
situation that this case applies is when the publisher wants
to perform complex operations on the particular content to
facilitate its retrieval. For example, the publisher can use
rigorous semantic structures and algorithms, focused on
the types of content it publishes.

A typical publish-subscribe system for content
discovery considers that a subscriber expresses interest
on content using certain criteria and receives notifications
as soon as such content becomes available. In this work,
this asynchronous operation is extended by also support-
ing notification for already existing content that matches
the subscriber’s requirements.
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While the scalability issues of topic- and type-based
publish-subscribe systems can be handled by organizing
peers into groups based on certain criteria, supporting con-
tent-based publish-subscribe in a P2P system can be quite
challenging. On the other hand though, the content-based
approach is the most flexible one since a subscription can
better reflect the users’ requirements, while it can easily
support emerging search paradigms, such as semantic
search.

One way to reduce the overhead in publish-subscribe
systems is to decouple the content from the publication.
By this, the publication does not have to include the con-
tent itself. Instead, it contains the metadata used for
matching that content with subscription queries. This is
usually performed through proprietary techniques
employed by each publish-subscribe protocol. In this
paper, the data structures introduced for this reason by
the CONVERGENCE FP7 project [2] are considered. CON-
VERGENCE, adopting and extending the notion of the stan-
dard MPEG-21 Digital Item [3], has introduced the
Versatile Digital Item (VDI), a data structure used as a con-
tainer to represent an entity, from digital content to real
world objects and principals. Through the use of these data
structures, only the necessary matching information is car-
ried by the peers, thus reducing the bandwidth and storage
requirements. Nevertheless, the proposed Caching Con-
tent-based Publish-Subscribe (CCPS) protocol can support
any kind of such structure, with its design being VDI inde-
pendent; the use of VDIs is provided just as an illustrative
example followed by the publish-subscribe implementa-
tion in CONVERGENCE.

1.1. Rationale

CCPS is a protocol designed to address the scalability
and load balancing issues of gossip protocols used for
content-based publish-subscribe, by exploiting search
query repetition and introducing a caching mechanism
which stores information about subscribers sharing com-
mon interests. Such interests are expressed through the
subscription queries. The cache is implemented as a
Distributed Hash Table (DHT) to guarantee scalability,
while its performance is proven to increase with the query
repetition probability. The description of the protocol in
the paper is accompanied by both a theoretical model,
based on the observations of Smyth et al. in [4] and simu-
lations which give proof on the improvement in terms of
overhead being almost equal to the caching probability
and reaching up to the query repetition probability.

Another contribution of CCPS is in the addressing of the
load balancing problem. CCPS proposes a model where the
cache contains information about other peers (subscribers)
that have already subscribed with the same query. Thus,
future subscribers will share this information with the
existing ones. This sharing is performed using a P2P
approach and implementing standard protocols for content
sharing, such as BitTorrent. By this, the publishers do not
have to send the content each time to every matching sub-
scription, while the subscribers themselves are distributing
the overhead for exchanging the subscriptions between
them. It should be noted at this point that BitTorrent will

be used at the rest of the paper as a representative of a
standard and widely used P2P content sharing protocol.
CCPS has no dependency of the use of BitTorrent, so any
alternative P2P sharing protocol can be used.

Caching has also another important effect in the system
performance. The query propagation in the overlay of peers
is performed using a gossip protocol, as recommended in
the literature [5–7]. However, due to the probabilistic nat-
ure of the gossip protocol, peers can receive the same
query from different sources, while if there is a match,
the same replies are sent to the subscriber by different
publishers. Furthermore, the same content may be pub-
lished by multiple peers (especially in community based
systems), which again causes result duplication, and thus,
bandwidth and processing power misuse. In CCPS, the sub-
scribers keep only one copy of the published content and,
therefore, no matter how many times it has been pub-
lished, each subscriber will receive only one copy. More-
over, since gossiping rounds are avoided due to the
cache, peers neither receive nor reply with the same pub-
lication more than once.

The rest of the paper is organized as follows: Section 2
presents other protocols that have been proposed for pub-
lish-subscribe. Section 3 includes the description of the
proposed protocol both for content discovery and content
sharing. In Section 5, the protocol implementation is pro-
vided by giving the algorithms used for content publication
and subscription. The algorithms have been implemented
in a simulator used to perform the experimental evalua-
tion. These results have been used in Section 6 to confirm
the corresponding theoretical model also presented in
the same section. Finally, in Section 7 conclusions as well
as future work on content-based publish-subscribe sys-
tems are summarized.

2. Related work

Several protocols focusing on different aspects of pub-
lish-subscribe have been suggested, with most of them
considering subscriptions being matched against future
publications. This work considers an extended scenario,
where users expect that their subscriptions are also
matched against older publications. This can be seen as a
distributed search problem. Moreover, publishers are orga-
nized in a peer to peer overlay, while the subscription que-
ries are keyword-based and support partial matching.

DHT based systems, such as CAN [8], Pastry [9], Chord
[10] and Kademlia [11], are a common solution in the liter-
ature for publish-subscribe operations. However, such sys-
tems are following the key-based routing approach, thus
failing to provide an effective solution in keyword-based
search and especially partial matching which is a common
requirement in content-based search/subscribe [12]. On
the other hand, content routing (of queries) which is an
essential element of keyword based subscription can be
achieved either through flooding or random walks. Given
though that the latter does not yield a compelling hit rate
[12], a combination of them will be considered, in order to
achieve higher user satisfaction.
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