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Publish/subscribe has been successfully used in a variety of information dissemination applications. How-
ever, in a cloud computing environment, the enormous amount of information results in a very high re-
quirement for the computing performance of a publish/subscribe method. In this paper, we propose an
efficient index called Enindex for publish/subscribe matching. First, we group all the subscriptions sub-
mitted by subscribers, based on the key attributes (i.e., the most frequent attributes occurring in the
subscriptions). Second, we group all the predicates contained in the subscriptions, according to three ba-
sic operators: > (greater),=(equal), and < (less), so as to remove the repeated predicates, and thus reduce
the memory overhead. Finally, we propose an effective index structure to combine the grouped subscrip-
tions together with the grouped predicates. Enindex not only has a small memory overhead, but also can
support efficient publish/subscribe matching and online subscription updating. We conduct extensive ex-
periments on synthetic datasets, and the experimental results demonstrate the superiority of the Enindex

over state-of-the-art methods in terms of memory overhead and computing efficiency.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Today, publish/subscribe (or P/S for short) systems are becom-
ing increasingly popular and important, which have been success-
fully applied in a variety of information dissemination applications
such as online advertising [17], stock market [21], e-commerce
[30] and social network [31]. A P/S system includes two roles: data
publisher and data subscriber. A publisher publishes data (such as
files, pictures and videos) in the form of publications. A publication
contains a group of predicates to describe the characteristics of its
associated data. A subscriber online subscribes the data published
by publishers. A subscription also contains a group of predicates
to describe what data the subscriber is interested in. The intercon-
nection between the two roles can be achieved by a client/server
model [15] or a distributed network [8,24]. If a publication matches
a subscription, i.e., their predicates match each other, the P/S sys-
tem has to ensure a timely delivery of the data associated with the
publication to the subscriber.
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Recently, P/S systems have began to be widely used to cloud
computing environments [1,12]. However, the enormous amount
of information on the cloud raises many new challenges. In cloud
computing, there exist a large number of subscriptions and pub-
lications, resulting in a high performance requirement for a P/S
system in terms of memory overhead and computing efficiency. In
addition, the online arrivals of subscriptions also require the online
updating of subscriptions. P/S matching has been extensively stud-
ied in the last one decade; however, most of existing P/S matching
methods are not designed for cloud computing. As a result, they
cannot satisfy the above requirements, thus difficult to be applied
to cloud computing environments immediately.

For example, an index method called K-index is proposed in
[26], where a predicate contained in a subscription often needs
to be rewritten into a group of equality predicates, consequently,
greatly increasing the number of predicates and the memory over-
head, and in turn, reducing the efficiency of P/S matching. The BE-
tree [11] is a state-of-the-art method, where the number of tree
nodes would increase with the increasing of predicate attributes.
As the number of attributes increases, a BE-tree would generate a
large number of tree nodes, incurring an inefficient performance
on P/S matching. Recently, a two-level index method called Opin-
dex is proposed in [30], which performs better than both K-index
and BE-tree in terms of computing efficiency. However, in Opindex,
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there still exist many repeated predicates, making the index struc-
ture relatively compley, i.e., the computing cost of its P/S matching
needs to be further optimized. In short, Opindex still cannot well
satisfy the performance requirements in cloud computing. In [10],
a static index method on a road network is proposed, which can
only support static P/S matching without taking into consideration
the online updating problem of subscriptions.

In order to meet the performance requirements of cloud com-
puting for memory overhead and computing efficiency, in this pa-
per, we propose an efficient subscription index called Enindex for
P/S matching. First, we group the subscriptions based on the key
attributes (i.e., the most frequent attributes occurring in the sub-
scriptions). Second, we group the predicates in the subscriptions,
according to three basic relational operators (>, =, <), to remove
repeated predicates and as a result improve the memory over-
head. Finally, we build connections from the grouped subscriptions
to the grouped predicates, consequently, generating the Enindex
structure. Based on the index structure, P/S matching achieves bet-
ter computing performance with much smaller memory overhead.
Specifically, Enindex has the following four features: (1) it mini-
mizes the computing cost of P/S matching; (2) it removes the re-
peated predicates to minimize the memory overhead; (3) it divides
normal P/S matching into disjunctive matching and conjunctive
matching, thereby improving the computing efficiency of predicate
judgement operations; and (4) it provides an effective update algo-
rithm to online update the subscriptions. In addition, we conduct
experimental evaluations to compare Enindex against state-of-the-
art methods (K-index, BE-tree and Opindex) in terms of memory
overhead, index construction, subscription update and computing
efficiency.

The rest of this paper is organized as follows. In Section 2,
we present the problem statement of P/S matching in cloud com-
puting. In Section 3, we describe the index structure of Enin-
dex. In Section 4, we discuss the improvement of the Enindex. In
Section 5, we compare the Enindex with existing methods by ex-
periments. In Sections 6 and 7, we review the related works and
conclude this paper.

2. Problem statement

In a P/S system, when subscribing data, a subscriber needs to
use a boolean expression that consists of predicates to describe the
subscription; when publishing data, a publisher also needs to use
a boolean expression to describe the publication associated with
the data. Finally, the P/S system performs P/S matching between
all the subscriptions and each publication, and then timely delivers
the data associated with each matched publication to the related
subscribers. In this section, we present the system model that we
use, and then formulate the problem that we study.

2.1. System model

To improve the computing performance of P/S matching, we
propose an efficient subscription index method called Enindex. The
system model of Enindex is presented in Fig. 1, which consists
of six modules (1)-(6). As shown in Fig. 1, Enindex includes two
roles: subscribers and publishers, whose processing flows are de-
scribed as follows.

« Subscriber. First, in the module (1), a subscriber submits sub-
scriptions to a P/S system by using predicates to describe pub-
lications interested him. Second, the module (2) selects a small
number of key attributes from all the subscriptions, and then
based on them, groups the subscriptions. Third, the module (3)
groups the subscription predicates according to relational oper-
ators (>, =, <), where the repeated predicates are removed so
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Fig. 1. The system model of Enindex.

Table 1

A running example of subscriptions.
5 A=2AB=3
S A<8AC=6AE>2
S3 B<4AC=6AE€(2,9]
Sy B=3
S5 D=>8AE <9
Sg B=3AC<4AD>6

as to reduce the memory overhead. Finally, the module (4) con-
structs the index structure by adding pointers from the grouped
subscriptions to the grouped predicates.

Publisher. In the module (5), a publisher publishes data in the
form of publications. A publication contains a group of equality
predicates used to describe the characteristics of its associated
data.

P/S matching. The module (6) performs matching operations
between all the subscriptions and each new publication, and
timely delivers the data associated with the publication to the
subscribers of the matched subscriptions.

2.2. Publication matching

A predicate p is the most basic unit of a subscription, which
includes an attribute p.attr, an operator p.oper and an operand
p.opnd. It can determine a boolean value (0 or 1) for any value
x of the attribute p.attr, denoted by p(x), which indicates whether
or not the predicate constraint of p is satisfied by x. For exam-
ple, given a predicate p: A > 5, we have p.attr =A, p.oper =>,
p.opnd =5, p(4) =0 and p(5) = 1. Here, p.oper can be all the re-

lational operators (>, >, =, #, <, <). However, to simplify the
presentation, we below ignore the relational operators (>, #, <)
due to their similarity to (>, =, <). In addition, a subscription

is a combination of predicates in either conjunctive normal form
(CNF) or disjunctive normal form (DNF). To simplify the presen-
tation, we assume that a subscription is represented in CNF (DNF
will be discussed in Section 4). Now, a subscription s that consists
of n predicates can be represented as s: (py APy A ... A Dn).

Example 1. A set of subscriptions S = {s1.S;,...,8g} is shown in
Table 1, which will be used as the running example in the rest of
this paper.

A publication supplied by a publisher is also a combination of
predicates. However, each predicate in a publication includes only
an equality operator. Hence, a publication b consisting of m equal-
ity predicates can defined as b: (qg; Aqa A ... AQm). A publication
also takes along with data, so all of its equality predicates are ac-
tually used to describe the characteristics of its data. For example,
given a product data r about iPhone and its associated publication
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