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ABSTRACT. An inherent phenomenon in real-world publish/subscribe services is the skew
i attribute popularity, where some attributes are much more popular than others. None
of the many publish/subscribe systems in the literature proposed effective means to ad-
dress this phenomenon, which results in workload imbalance among peers, excessive total
computation cost, inefficient event delivery or all of the above. To combat these problems,
we propose two fundamental architectural designs for these systems. First, we propose
to exploit the attribute popularity distribution skew in the subscription installation pro-
cess. A number of novel subscription installation strategies are presented in this paper
that exploits the popularity of attributes to spread the load across a multitude of peers so
that the peer workload both in subscription storage and in event matching computation is
much more balanced. However, wide spreading of subscription storage and event compu-
tation workload usually result in inefficient event delivery. As our second contribution,
we propose an architecture design where the subscription storage and event delivery com-
ponents are decoupled. However, the two components are also seamlessly integrated so
that event delivery remains extremely efficient. Using an extensive set of experiments,
our proposed approach is shown to require only a modest level of subscription replication,
require significantly less total computation cost, achieve better load balance among peers
in subscription storage and event matching, and deliver events in an extremely efficient
manner. In addition, our approach is shown to be scalable in the number of events, sub-
scriptions, schema attributes and network peers.
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1. Introduction. Content-based publish/subscribe (pub/sub) systems are becoming in-
creasingly popular for information dissemination from event publishers to event sub-
scribers [2,3,8-10,15,22,24,28-30]. Subscribers register their interests in events through
subscriptions using a set of predicates over attributes in a subscription language. An
event instance published by a publisher specifies constant values of a set of attributes
using predicates involving equality operator only. Upon receiving an event, the pub/sub
system is responsible for finding the subscriptions that match the event and deliver the
event to the matched subscribers. Therefore, subscriptions act as filters for subscribers
to select desired events out of all possible events published.

The subscription language is made up from a pub/sub schema, denoted as S = {A4;, As,
-+, Ap}, where each A; is an attribute. Each attribute Ai € S has a name, a type and a
domain, and is denoted by a tuple [name, type, Amin, Amax]- The type could be integer,
float, string, etc. The A, and A, values define the range of values that can be taken by
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