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Abstract— Content-based publish/subscribe systems allow
subscribers to specify events of interest based on event contents,
beyond pre-assigned event topics. When networks of servers are
used to provide scalable content-based publish/subscribe ser-
vices, we have the flexibility of partitioning existing subscrip-
tions and routing new subscriptions among multiple servers to
optimize various performance metrics including total network
traffic, load balancing, and system throughput. We propose two
approaches to subscription partitioning and routing, one based
on partitioning the event space and the other based on parti-
tioning the subscription set, and discuss their trade-offs. Fi-
nally, we collect and analyze a set of real-world stock-quote
subscriptions and use that as the basis for our simulation study
to demonstrate the effectiveness of the proposed schemes.

I. INTRODUCTION

The World Wide Web use today predominantly follows
the polling model: a Web user either visits a page using
its URL or goes through a search engine to find pages
of interest; if the information sought is not yet available,
the user needs to periodically poll again in the future for
that same information. As an example, consider a user
who is interested to know when a new game console be-
comes available for a reasonable price at an online store
or auction site. If the Web can additionally support a stan-
dard event notification model through a publish/subscribe
(pub/sub) mechanism that stores users’ subscriptions and
notifies them when information of interest becomes avail-
able, it will greatly relieve burdens on the users and fur-
ther enhance the Web’s utility. Such event notification
services, usually known as “alerts”, have recently begun
to emerge; Yahoo! Alerts and MSN Mobile are two ex-
amples. So far, the popularity of such services has not
reached the point where scalability is a major concern.

We envision a tfuture where the event notification model
of Web access will parallel the polling model both in terms
of usage and universality. Just as Content Distribution
Networks (CDNs) have been deployed to provide scal-
able Web information dissemination, we propose build-
ing Event Distribution Networks (EDNs) to provide scal-
able event dissemination. In contrast with a centralized

pub/sub system where all events and subscriptions are
sent to a single server, an EDN will be built as a self-
configuring overlay network [15] of servers, which pro-
vides content-based event and subscription routing to op-
timize various performance metrics such as total network
traffic and overall system throughput. A geographically
distributed subset of nodes, called edge servers, are de-
ployed to provide a low-latency interface to geographi-
cally distributed subscribers and publishers. Other servers
reside inside the network and may host subscriptions or
route traffic or both. Any subscription submitted to an
edge server may be hosted locally or forwarded to another
server as needed. Any event published through an edge
server will be routed to all server nodes that host at least
one subscription matching the event.

In this paper, we consider the following EDN service
model: an end user submits her subscriptions through a
Web interface by specifying a device-independent ID as
the notification address, for example, a Yahoo! ID or
a .NET Passport ID. Every notification generated by an
event match is first sent to a notification routing service
that recognizes the address. The routing service resolves
the address and forwards the notification to the user, based
on her preference, via instant messaging, email, tele-
phone, cell phone SMS, etc. [22], [26]. The EDN and
the various notification routing services are often operated
by different service providers. The routing services them-
selves can be scalable services based on dynamic request
redirection mechanisms, and their internal network archi-
tectures are typically not exposed to the EDN.

This service model is quite different from the opera-
tional model implicitly assumed in most of the existing
pub/sub systems [1], [7], [30]. In these systems, a sub-
scriber typically submits a subscription to the “closest”
server and essentially joins the event distribution tree as
a leaf node: the notification address is an IP communica-
tion endpoint on the subscriber’s machine, to which the
server directly sends a notification when an event matches
the subscription. In contrast, in the above EDN service
model, the subscribers as well as the notification routing



services are architecturally decoupled trom the EDN. This
gives the EDN the flexibility to freely move subscriptions
around to optimize its internal network performance. In
particular, we focus on two issues resulting from this flexi-
bility in this paper: subscription partitioning and subscrip-
tion routing.

An event service provider would typically start with a
single-server, centralized architecture and then consider
an upgrade to a multi-server, distributed architecture when
the service is successful and the single server can no
longer keep up with the demands. At this point, a large
number of existing subscriptions are available and sub-
scription partitioning reters to the offline process of par-
titioning these subscriptions onto the multiple servers.
Once the existing subscriptions are partitioned and the
servers start providing service, subscription routing refers
to the process of forwarding each incoming new subscrip-
tion to a server; it is essentially an online, incremental
version of the subscription partitioning process.

In this paper, we investigate two dual approaches to
subscription partitioning and routing: Event Space Par-
titioning (ESP) and Filter Set Partitioning (FSP). The for-
mer approach partitions the event space among the servers
and replicates subscriptions if necessary, and the latter ap-
proach partitions the set of subscription filters among the
servers and may need to forward some events to multiple
servers. We show that the ESP approach is well-suited
for applications that perform content-based routing for
equality predicates. We use simulation results based on
actual stock-quote subscription data to demonstrate that
our scheme can achieve good systems and network per-
formance in terms of total network traffic, load balancing,
and system throughput. We also briefly discuss the tratfic-
reduction effectiveness of applying the FSP approach to
range predicates.

1I. NETWORK ARCHITECTURE

The following terminology will be used throughout the
paper: an event source publishes events and a subscriber
submits subscriptions for events of interest. A filter f
is any expression that defines a set of events E, and an
event e matches the filter f if e € Ey. A filter f’ is said
to cover another filter f if £y C Ep. A similar covering
relationship is defined between two sets of filters. A sub-
scription consists of a notification address and a subscrip-
tion filter that conforms to a pre-defined schema. When a
server receives a published event that matches a subscrip-
tion filter, it sends a notification through a routing service
to the corresponding notification address.

To allow the event notification model of Web access to
be as universally useful as the current browsing/polling

model, the EDN must be designed to accommodate a
large spectrum of pub/sub models, including (1) channel-
based pub/sub, where events and subscriptions are identi-
fied by flat channel names or IDs; (2) topic-based pub/sub,
where events and subscriptions are specified with topic
names from a hierarchical topic namespace; (3) attribute-
based pub/sub (commonly referred to as content-based
pub/sub [1], [7]), where events are identified by a set
of attribute-value pairs in a well-defined metadata block
and subscriptions specify equality/range/prefix predicates
on a subset of the attributes; (4) keyword-based pub/sub,
where events are documents and each subscription spec-
ifies a list of keywords to be matched against the entire
document contents; (5) similarity-based pub/sub, where
each event is a document associated with a feature vec-
tor, each subscription is a query with a feature vector, and
the matching is based on a threshold on the similarity be-
tween the two vectors [29]; and (6) pattern-based pub/sub,
where subscriptions can specity predicates on sequences
of events [13], [7].

To support scalable operations under diverse pub/sub
models, EDN provides an extensible content-based rout-
ing mechanism to achieve efficient and effective event
dissemination. Figure 1 illustrates the EDN network ar-
chitecture. For ease of presentation, we assume in the
following discussions that the servers are statically con-
figured into a tree rooted at an edge server directly con-
nected to event sources. The same concept can be ap-
plied to systems that dynamically construct trees through
either “advertisement forwarding” [7] or “SUBSCRIBE
message forwarding” [23] in a peer-to-peer routing sys-
tem.

Instead of distributing events to all servers, which then
perform local subscription matching operations, EDN al-
lows a content-based router at each server to construct
content-based route updates and propagate them upstream
to affect event routing, as shown in Step 3 of Figure 1. Es-
sentially, such updates indicate to the upstream server the
subset of events that need to reach the subtree rooted at
current node. The updates can be based on a dynamic par-
titioning of the event space or summary filters that cover
all currently hosted subscription filters. Optionally, each
server can periodically exchange route updates with other
peers, as shown in Step 4. This would allow a new sub-
scription submitted to any of the servers to be routed to the
server whose content-based routes most closely “match”
(and hopefully already cover) the new one, thus minimiz-
ing the additional event traffic handled by each server.

Two key points distinguish EDN content-based routing
trom existing systems in which each node submits some
subscriptions to its parent and draws from the parent those
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Fig. 1. EDN network architecture

events that match any of its subscriptions [7], [25]. First,
since the EDN content-based router is architecturally de-
coupled from the main pub/sub filtering engine, the for-
mat of route updates need not be restricted to that of sub-

total number of attributes. Every event e must specify a
value for each of the d; attributes, and can therefore be
represented as a “point” in the d;-dimensional space, in
which each dimension corresponds to an attribute. Ev-
ery subscription filter f is a conjunction of d; predicates
(dy < dy), each specifying a constraint on a different at-
tribute.

We consider two types of predicates: equality pred-
icates on unordered, discrete value domains with con-
straints like ”StockSymbol=GE”, and range predicates on
ordered value domains with constraints like 35 < Stock-
Price < 40”. Conceptually, we can impose an ordering
on every unordered value domain and view each sub-
scription filter as a “rectangle” [21] in the d;-dimensional
space, except that the rectangle projects into a single point
along any dimension associated with an equality pred-
icate. However, since considering ranges in an artifi-
cially ordered value domain may not be the most effective
approach for constructing summaries, our solutions give
separate treatments to equality and range predicates and
do not attempt to combine them.

For routing eftficiency, it is often desirable to make
routing decisions based on only a subset of the d; at-
tributes. In the remainder of this paper, we assume
that subscription partitioning, summary construction, and
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