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Abstract

Event-driven architectures are becoming more prevalent recently in multi-
ple technological paradigms, especially in web applications, with message
brokers being the cornerstone of these architectures. One of the most
relevant implementations of these message brokers are content-based pub-
lish/subscribe systems. The performance of these systems is a critical factor
for web engineering, since the web applications they support need to be
reactive despite increases and fluctuations in workloads. However, an obstacle
to the research of these systems is the lack of real and publicly available
workloads, due to the privacy issue involved in disclosing the interests
(subscriptions) of users and other commercial interests of the companies. In
this paper we present a parameterizable automated system designed to syn-
tactically translate workloads from different content-based publish/subscribe
systems as a means to increase the availability of public workloads to solve
the aforementioned problem. As a case study, we describe the evolution
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of a context-aware content-based publish/subscribe system (i.e. E-SilboPS)
designed by the authors, which improves up to 5 times the performance of
its previous version by reaching the maximum throughput limited by the
physical resources of the hardware where it is deployed, as demonstrated
by the conducted quantitative evaluation. Then, we validate the utility of
the proposed automated workload generation system by using it to make the
performance comparison between this new version E-SilboPS and one of the
most cited publish/subscribe systems called PADRES, through a real trace of
a massively multiplayer online game (MMOG) generated by the latter.

Keywords: Content-based, publish/subscribe, workload generator,
elasticity.

1 Introduction

The publish/subscribe communication paradigm is a type of asynchronous
communication that decouples the publisher of the messages from the clients
that receive the messages based on the interests they have specified (sub-
scribers), i.e. spatial decoupling. Publish/subscribe systems typically use
networks of messaging brokers that serve as middleware between publishers
and subscribers. Traditionally, publish/subscribe systems are topic-based, i.e.,
subscribers’ interests are defined on the basis of predefined topics.

Event-driven architectures are becoming more prevalent recently in mul-
tiple technological paradigms, especially in web applications engineering,
with message brokers being the cornerstone of these architectures [21],
as shown in Figure 1. One of the best implementations of these message
brokers are content-based publish/subscribe systems (CBPS) because of
their ability to allow subscribers to specify their interests and only receive
notifications according to those interests, as opposed to the processing
overhead that subscribers to topic-based publish/subscribe systems have to
perform [15, 19, 20, 23].

Despite their importance, an obstacle to the research of these systems
is the lack of real and publicly available workloads, due to the privacy
issue involved in disclosing the interests (subscriptions) of users and other
commercial interests of the companies [23].

We have been working on a system called E-SilboPS which is a context-
aware content-based publish/subscribe middleware specially designed to be
elastic due to its scaling algorithm. Its architecture is inspired by other CBPS
such as SIENA [6,8] and E-StreamHub [4]. E-SilboPS has been successfully
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Figure 1 Example of an IoT ecosystem with a content-based publish/subscribe system as a
cornerstone for event dispatching. More specifically, end-applications register filters with user
interests in the form of subscriptions, and the CBPS system sends corresponding notifications
to users when new sensor data (i.e. publications) that match those filters arrive.

used in multiple web application domains, such as Smart Cities and IoT
applications [15, 19], and evaluation of auto-scaling systems for multi-cloud
environments [16, 17].

This work presents the evolution of E-SilboPS, which improves the
performance of the system through changes in its architecture, as well as
in the communication between its operator layers, allowing the system to
reach the maximum throughput limited by the physical resources of the
hardware where it is deployed (up to 5 times faster than its previous version).
In addition, to solve the problem of availability of public workloads for
content-based publish/subscribe systems mentioned above, a system has been
designed and implemented to translate from the format of other content-based
workloads to the E-SilboPS syntax automatically.

For the evaluation, several performance tests have been conducted to
measure the improvements of the contributions presented in this work. On
the one hand, a quantitative evaluation of the performance of the new ver-
sion of E-SilboPS compared to the previous version has been carried out,
showing a throughput increase of up to 5 times compared to the previ-
ous version. In addition, to test the workload translator, a real trace of a
massively multiplayer online game (MMOG) generated by another content-
based publish/subscribe system called PADRES has been used to measure the
performance of E-SilboPS with a real workload and compare it with another
content-based publish/subscribe system.

The rest of the document is structured as follows: Section 2 presents
and analyzes the related work. Section 3 presents the global architecture of
E-SilboPS, and Section 4 explains the evolution of the system in the context
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of this work. The translator of content-based workloads to the E-SilboPS
format is presented in Section 5. The evaluation of this work is explained
and analyzed in Section 6, and finally, Section 8 presents the conclusions and
future work.

2 Related Work

As already mentioned, publish/subscribe systems implement an asyn-
chronous communication paradigm that allows spatially decoupling the
publisher and the subscriber [10]. For this reason, this type of systems have
positioned as the cornerstone of event-driven architectures that are gaining so
much relevance with technologies such as IoT, Smart Cities or data stream
processing [1, 12, 13, 15, 19, 23].

Within the publish/subscribe systems, content-based systems have been
gaining considerable relevance in recent years, since they allow improving
the limited expressiveness of the topic-based scheme, as well as reducing the
overhead of processing subscriptions by subscribers [10].

Some of the most representative publish/subscribe systems that have
inspired the system used in this work (E-SilboPS) are SIENA [7], E-
StreamHub [4] and PADRES [11].

SIENA (Scalable Internet Event Notification Architectures) [7], is a
content-based publish/subscribe system designed to maximize event expres-
siveness and system scalability. From an architectural point of view, SIENA
is composed of a broker network deployed over TCP or UDP. One of the
features introduced by SIENA are advertisements. Advertisements are a type
of events sent by publishers to declare the type of events they are going to
produce. In addition, these events are considered when constructing routing
paths, in order to reduce the number of brokers involved in the network. In
addition, SIENA offers techniques that constrain the unnecessary propaga-
tion of subscriptions by analyzing subscriptions. For all these reasons, the
algorithms proposed in SIENA have become the reference for content-based
routing system implementations.

PADRES [11], is a content-based publish/subscribe system whose archi-
tecture is composed of a peer-to-peer (P2P) overlay network. In addition,
PADRES adds a number of additional features to its publish/subscribe system
such as: a rule-based matching and routing mechanism, composite subscrip-
tion processing and historical query-based data access. This content-based
publish subscribe system has been used in a wide variety of projects and use
cases [5, 25].
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E-StreamHub [4] is the elastic version of a scalable, but static content-
based publish/subscribe system, called StreamHub [3]. From an architectural
point of view, E-StreamHub internally relies on StreamHub, and is composed
of 3 layers of operators (access points, matchers and exit points), each of
these layers with several slices. According to the authors, the elasticity of E-
StreamHub is achieved by the migration of operator slices across a varying
number of hosts. However, this does not provide the system with true elastic-
ity since the number of slices of each operator is fixed and defined from the
deployment of the system. For the orchestration of all these migration actions,
E-StreamHub implements a manager, which is in charge of monitoring the
slices and collecting metrics on the resource usage of each host. Finally, an
elasticity enforcer is in charge of making scaling decisions, i.e., deciding to
which hosts the slices of the most saturated hosts should be migrated in order
to improve performance based on predefined policies.

Despite their importance, an obstacle to the research of these systems is
the lack of real and publicly available workload traces, due to the privacy
issue involved in disclosing the interests (subscriptions) of users and other
commercial interests of the companies. The authors of [23] note this problem
and address it by proposing a wide-area workload generator for content-based
publish/subscribe systems. For this purpose, both subscriber interests and
geographic locations are generated through statistical summaries of public
data traces. However, despite indicating its intention to make this generator
public, it is not currently available. From the best of our knowledge, this is
the only proposal for a workload generator based on real traces.

3 E-SilboPS: Architecture Overview

This section presents an overview of the E-SilboPS system architecture.
As already mentioned, E-SilboPS is a context-aware content-based pub-

lish/subscribe middleware specially designed to be elastic. This middleware
is the elastic version of SilboPS [19]. In addition, it has acquired great rele-
vance as shown by its integration with technological paradigms that demand
high performance and are transforming our lives such as Internet of Things
(IoT), Smart Cities, Fog Computing [15–17, 20], and more generally, in any
event-driven architecture [21].

Inspired by StreamHub’s architecture [2], E-SilboPS is composed of four
operator layers. Each of these layers is formed by a variable number of
instances of the corresponding operator. Figure 2 shows this architecture as
well as its operational flow, which is detailed below.
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Figure 2 Extracted from [2]. StreamHub and E-SilboPS architecture and operational flow.

Connection Points (CP) are the entry and exit points of the system, since
they are in charge of managing the connections with the clients and
sending the notifications to the corresponding interested subscribers.

• Subscriptions are forwarded to any Access Point (anycast).
• Notifications are forwarded to any Access Point (anycast).

Access Points (AP) forward messages, whether notifications or subscrip-
tions, to the Matchers layer. More specifically:

• Subscriptions are forwarded to a specific Matcher instance (uni-
cast) determined by a selector.

• Notifications are forwarded to all the Matchers (broadcast).

Matchers (M) store incoming subscriptions and process the notifications,
that is:

• Subscriptions are stored in the internal structure.
• Notifications are matched against the stored subscriptions and

dispatched the local result set to the corresponding Exit Point
(unicast).

Exit Points (EP) forward the notifications to the Connection Points.

• Subscriptions never reach this point.
• Collects all partial result sets from the matchers to merge them into

a final result set composed of all Connection Points instances to
which notification must be sent.
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Each of these operator layers can scale independently by adding and/or
removing instances of those operators to match the demand for the workload
at each moment. In this way, the system has a global property of elastic-
ity [19], since it can start from a basic topology and scale out/in each one
of the operator layers to be able to optimally manage the workload at each
moment, avoiding the need to size the system a priori from the beginning.

One of the most valuable features of this system is, undoubtedly, its
scaling algorithm that “is able to provide an uninterrupted service to end
users even during the scaling operation since its internal state repartitioning is
transparent for publishers or subscribers”. Moreover, “the scaling operation
is time-bounded and depends only on the dimension of the state partitions
to be transmitted to the different nodes”. More specifically, this algorithm
is based on the Chandy-Lamport algorithm [9], commonly known as the
snapshot algorithm, which allows to create a consistent cut of the overall
system state. Figure 3 summarizes the message exchange during the scale-out
operation of the Matcher layer. All information regarding the scale-out and
scale-in algorithms of each of the operator layers can be found in [19]. As
shown in Figure 3 by dashed lines, some coordination between the different
layers is necessary to maintain consistency of system state. In particular, the
implementation uses Zookeper1 to ensure distributed coordination between
the operator slices.

Throughout this document the form X-Y-Z is frequently used to describe
the E-SilboPS topology with X, Y and Z being the number of instances of
corresponding AP/CP, Matcher and EP, respectively.

4 Improving E-SilboPS Performance

This paper focuses on E-SilboPS, a CBPS system specifically designed to
be highly scalable. E-SilboPSS is one of the most recent, high-impact CBPS
systems that is attracting a lot of attention recently, as demonstrated by its use
in numerous real-world IoT, Smart Cities and Fog Computing contexts [15,
20]. Moreover, high-impact work has recently been carried out to provide
this system with real elasticity through the use of auto-scaling systems that
combine predictive and reactive techniques [16,17]. For all these reasons, this
CBPS system is a clear exponent of the current state of development of this
type of system, and is therefore of interest for further study.

1https://zookeeper.apache.org/

https://zookeeper.apache.org/
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Figure 3 Exchange of messages during the scale-out of the Matchers layer (being M2
the new Matcher instance deployed). Solid lines represent the communications established
between operators for sending notifications and subscriptions. The dashed lines represent the
messages used by the Distributed Coordinator to synchronize the layers.

Furthermore, in this work, a case study has been chosen, since this method
proposes an explanatory approach to events that cannot be manipulated (i.e.
real workload), as described by Yin in [22]: “a case study is an empirical
inquiry that investigates a contemporary phenomenon within its real-life
context, especially when the boundaries between phenomenon and context
are not clearly evident”.

Some important updates have been made in the context of this work
to improve the performance of E-SilboPS with respect to the latest publi-
cations of this system [19]. Therefore, this section is dedicated to explain
these changes and how they impact on the performance of the system. As
explained, E-SilboPS is one of the systems on which the proposals of this
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work are evaluated, mainly at the performance level. This section is intended
to illustrate these changes and to provide the reader with a baseline of system
performance. The quantitative evaluation carried out to assess the enhance-
ment of system performance associated with the improvements presented in
this section is described in detail in Section 6.1.

In any system, the maximum throughput is limited by the lowest through-
put of each of its parts. In other words, the maximum throughput of the system
is that of the component that acts as the bottleneck. In the case of E-SilboPS,
the maximum throughput is marked by the component responsible for the
highest processing load, which in this case corresponds to the processing
of the notifications to determine which subscriptions are matched. In other
words, the theoretical bottleneck of the system was in the Matcher instances,
more specifically, in the processing of notifications, and therefore the maxi-
mum throughput of the system would be the maximum throughput of these
components.

Note that the concrete values are meaningless as they depend on the
infrastructure where the system is running, but let’s take the concrete values
obtained from the experimentation in the circumstances described in [19]
to be able to compare and better understand the performance differences.
At the beginning of this work, and using the previous test environment, it
was empirically measured that the maximum throughput of the notification
processing of a matcher instance was 1,2M notifications/s, and therefore it
could be expected that the maximum throughput of the whole system was
also 1,2M notifications/s. However, it was empirically proven that the system,
even with the simplest 1-1-1 topology was far from reaching that global
throughput (i.e. 20k notifications/s on average at most). The rest of the section
is devoted to explaining the reasons for this behavior and how they were
solved.

On the one hand, to try to mitigate this loss of performance on the one
hand, some aspects of implementation (at the code level) were improved,
and the serialization of messages was identified as the cause of this loss of
throughput. To solve this last issue, other serialization libraries were tested
such as Kryo2 and FAST3 and the performance they offered was analyzed.
Based on the results obtained from this analysis, it was decided to use the
FAST library for the serialization of the messages that were sent by the
connections between the instances of the operators.

2https://github.com/EsotericSoftware/kryo
3https://github.com/RuedigerMoeller/fast-serialization

https://github.com/EsotericSoftware/kryo
https://github.com/RuedigerMoeller/fast-serialization
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SilboPS throughput is that of a single connection, regardless of the topology used.

However, this remarkable improvement only increases the throughput
of the connections, but it is not enough to make the global throughput of
the system equal to the maximum throughput of the Matcher’s notifications
processing.

This can be clearly seen in Figure 4, which shows how the maximum
throughput of Matcher’s notifications processing reaches a maximum of
1,2M messages/s, while the global throughput of E-SilboPS is the maximum
of a single connection, approximately a maximum of 200k message/s. Of
course, this would not be a problem in a 1-1-1 topology, since each operator
layer has only one connection, and therefore that connection is the bottleneck,
explaining that the total throughput of the system would be that of that
connection. However, it was experimentally proven that this same behavior
occurred with other topologies such as 3-1-3, in which the expected behavior
would be that the global throughput would ideally be multiplied by 3, since
it has 3 parallel connections between the AP/CP-Matcher and Matcher-EP
layers.

By combining performance testing and architecture analysis, the problem
was isolated in the Matcher architecture, more specifically in the connections
to the Exit Points layer. More specifically, the problem was that by having
a single output buffer, it was not possible to parallelize the sending of the
local result sets of subscriptions that matched the incoming notification to the
different Exit Points instances. Finally, the solution adopted is presented in
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Figure 5 Improved architecture of the E-SilboPS Matcher with an output buffer for each
Exit Point connection.

Figure 5, and consists in adding an output buffer for each connection to an
instance of the Exit Points, so that it is possible to parallelize the sending in
the same way as in the connections between the layers of CP/AP-Matcher
operators.

Obviously, in order to achieve the theoretical maximum throughput, a
suitable E-SilboPS configuration is necessary. The following rule serves as a
first approximation for the calculation of such a configuration:

let Matchermax th be the maximum throughput for processing notifications
of a Matcher instance, i.e. the number of notifications (set P of publica-
tions that match with any subscription of the subscription set S) that the
matcher is able to calculate per unit of time:

Matchermax th =
|Notifications|

∆t

Notifications = {P |match(P, S)}

and E-SilboPmax th be the maximum throughput of the system (i.e. the
theoretical maximum throughput of the system), calculated as

E-SilboPSmax th = X ×Matchermax th

and connectionth the maximum throughput of a connection, i.e. the
maximum number of notifications it is capable of sending per unit of
time (which is often limited by factors such as notification serialisation);

connectionth =
notificationssent

∆t
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then for the system to reach E-SilboPSmax th an N -X-N configuration
is needed, being X the number of matchers deployed and N calculated
as

N =
E-SilboPSmax th

connectionth

With the data offered above and let

X = 1

Matchermax th = 1, 2M messages/s

E-SilboPmax th = Matchermax th = 1, 2M messages/s

connectionth = 200k messages/s

then

N =
1, 2M messages/s

200k messages/s
= 6

Therefore, the minimum deployment configuration of E-SilboPS, in this
case, should be 6-1-6.

The quantitative evaluation of all the improvements explained in this
section can be found in Section 6.1.

5 Adapting Real Content-based Publish/Subscribe
Workloads

As mentioned above, one of the main obstacles to research for content-based
publish/subscribe systems is the scarcity of datasets that allow reproducing
real workloads, due to privacy issues and commercial interests (especially
in subscriptions). Therefore, in this section we present a parser that allows
to translate real workload traces from other content-based publish/subscribe
systems into E-SilboPS syntax.

As shown in Figure 6, the system receives as input two files: the workload
in the original format and a configuration file. Among the configuration
options, the most relevant are:

• Mapping between the operators supported by the E-SilboPS syntax and
the format of the workload input. Not all E-SilboPS operators have to
be supported, only those that appear in the trace and have their corre-
spondence with those of E-SilboPS. Table 1 shows the set of operators
supported by the E-SilboPS syntax.
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Figure 6 Overview of the content-based workload translator architecture.

Table 1 Set of operators supported by E-SilboPS messages
E-SilboPS Description
{“exists”: . . .} The attribute exists
{“=”: . . .} Equal
{“!=”: . . .} Not equal
{“>”: . . .} Greater than
{“>=”: . . .} Greater or equal
{“<”: . . .} Less than
{“<=”: . . .} Less or equal
{“ˆ”: . . .} Starts with a prefix
{“$”: . . .} Ends with a suffix
{“contains”: . . .} Contains a string

• Regular expression of publications and subscriptions according to the
syntax of the workload input.

• Indicator of whether the trace contains timestamp or any field that allows
recreating the order of the workload events, since the translator allows
reordering events. If this option is not provided, the reading order of the
workload input events is assumed.

• Other options such as: (i) if the input workload includes unsubscriptions
and how they should be treated; (ii) if the input workload contains
advertisement type events (if so, they are removed in the pre-processing
since E-SilboPS does not support these events). Other pre-processing
options.

The first module of this translator is responsible for preprocessing the
input workload according to the configuration provided. At this stage, adver-
tisement type events (if any) or any other event that does not comply with the
format indicated in the configuration are suppressed. Also at this stage the
events are reordered based on the specified field (if applicable).
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1 s [class,eq,broadcast] (rmi://10.0.1.1:1099/Broker1-M23)

(a)

1 {
2 "eventType" : "S",
3 "id" : "rmi://10.0.1.1:1099/Broker1-M23",
4 "contextFunction" : {},
5 "constraints" : {
6 "class:str" : [{"=" : "broadcast"}]
7 }
8 }

(b)

Figure 7 (a) Example of subscription in content-based publish/subscribe PADRES system
format. (b) The same subscription obtained as output from the translator for E-SilboPS.

The next module then takes the intermediate file produced by the previous
module and translates it into the E-SilboPS format. In addition, this module
outputs a statistics file with data on the number of subscriptions, publications,
repeated events, etc.

Finally the output generator returns a file in the specified format (e.g.
json) with the input workload translated into the E-SilboPS format. This file
is ready to be consumed directly by producers and subscribers connected
to any E-SilboPS instance. Figure 7 shows an example of translation, with
Figure 7(a) being a subscription type event in the PADRES format (input)
and its corresponding translation in the E-SilboPS format as output from the
translator is shown in Figure 7(b).

Although in this particular use case it has been used to translate workloads
from PADRES syntax to E-SilboPS, through the parameterizable configura-
tion file, it is possible to adapt the system to allow translating workloads
between different publish/subscribe systems, as long as they are compatible.
This fills the gap of being able to test these systems with real workloads, and
is a first step to establish benchmarks to compare the performance of this type
of systems.

6 Evaluation

This section presents the evaluation conducted, as well as the results and
their analysis. More specifically, the first part focuses on the evaluation of
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the performance improvement of the new version of E-SilboPS explained
above, compared to the previous version of E-SilboPS. On the other hand, the
second part of the evaluation makes use of the previously presented content-
based workload translator to adapt a real workload used by the PADRES
system in the context of a massively multiplayer online games (MMOGs) to
the E-SilboPS format and compare the performance of both publish/subscribe
systems.

All experiments have been run on an Intel Core i7-4790K 4.00GHz and
16 GB of RAM running Linux 5.3.0-28-generic and openjdk 11.0.7.

6.1 Performance Analysis of the New E-SilboPS Version

As it is a distributed system, as explained above, the first point that could
explain this loss of performance was the connections between the different
operators’ instances. The performance tests demonstrated this hypothesis, as
the maximum throughput of a connection was the same as that of the entire
system (i.e. 20k notifications/s on average at most).

Since the objective of this evaluation is to compare in terms of per-
formance the previous and the improved versions of E-SilboPS, the same
workload used in the performance evaluation of the previous version [19] has
been used. More specifically, a synthetic workload composed of publications
and notifications has been used, ensuring that the latter always matche with
at least one subscription (this is a worst-case scenario, since in reality this
is not always true). This workload, composed of 1 million subscriptions and
100k notifications, is created before running the experiment to ensure that the
creation of the workload does not impact system performance.

Figure 8 shows the performance (throughput) of the new version of
E-SilboPS (code level improvements and the use of the FAST library for
message serialization) with different deployment configurations. On the other
hand, Figure 9 shows a comparison of the throughput between the new and
the old version of E-SilboPS using different deployment configurations. As
can be seen, the new E-SilboPS version of this work achieves a throughput
improvement of up to 5 times.

However, this remarkable improvement only increases the throughput of
the connections, but as it can be seen, it is not enough to make the global
throughput of the system equal to the maximum throughput of the Matcher’s
notifications processing.

By means of the improved architecture of E-SilboPS presented in the
last part of Section 4, the global throughput of the system was able to reach
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Figure 8 Throughput of the new E-SilboPS version with different deployment
configurations.

the maximum throughput of Matcher’s notification processing, which is the
upper limit that the system can theoretically give. In other words, by improv-
ing the performance of serialization and the architecture of the Matcher, it has
been possible, with the appropriate deployment configuration, to overcome
the bottleneck of the performance of the connections to achieve the maximum
throughput, limited by the processing capacity (i.e. CPU bound) and not by
the performance of the connections of the distributed system. This allows
E-SilboPS to offer maximum performance that only depends on the infras-
tructure on which it is deployed, not being limited internally at the system
level by other bottlenecks.

It is important that the E-SilboPS configuration is the minimum necessary
at any given time to avoid wasting resources, since a higher than necessary
number of N instances of CP/AP and EP is an unnecessary extra cost,
while the same maximum performance could be obtained with an N -X-N
configuration without wasting resources. On the other hand, it is necessary
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Figure 9 Comparison of new and old E-SilboPS versions throughput with different deploy-
ment configurations.

to ensure that resources are sufficient, since an ideal N -X-N topology will
not be able to deliver maximum performance if one of the resources is scarce
(e.g. CPU saturated at 100% utilization). This may seem obvious, but it is of
vital importance in Cloud environments.

All this developed work has allowed to have an extensive knowledge of
E-SilboPS and its performance. This knowledge about the implementation
and performance of the solution, together with the fact that it offers a similar
performance to the existing commercial solutions at the time of writing of
this work, have been the reasons for choosing E-SilboPS as an archetype
of a distributed system typically deployed in a cloud environment for the
evaluation of part of this work.
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6.2 Performance Evaluation of the New Version of E-SilboPS
with Real Workloads

In this experiment, the real trace of a PADRES content-based workload
has been used to evaluate the correct operation of the workload translator
presented above. The workload of this experiment is a trace of the content-
based publish/subscribe PADRES system obtained from the execution of this
system in the context of a research framework, more specifically, a massively
multiplayer online games (MMOGs) called MAMMOTH4 [24].

In the preprocessing phase of the translator, advertisement type events
have been removed, the trace has been sorted by the timestamp it provided to
recreate the original order of events, error messages have been removed from
the trace and a plugin has been developed for mapping subscriptions and
unsubscriptions. Subsequently, the output of the translator has been loaded
into E-SilboPS to evaluate its performance in terms of performance and to
compare it with its PADRES counterpart.

As output of the translator, a single file has been generated in the E-
SilboPS json format with all the events sorted to recreate the original trace
of the events. Additionally, the most relevant information obtained from the
statistics file returned by the system is the following:

• Number of publications: 6.207.207
• Number of subscriptions: 113.904
• Number of unsubscriptions: 112.682
• Duration of the trace: 2 hours and 20 minutes

The results of the execution of this workload are shown in Figure 10.
More specifically, the system performance (response time and throughput) is
shown with different event input rates (measured in events/s). As can be seen,
with low input rates (i.e. 100k and 200k events/s) the system is able to offer
excellent performance (very low response time and throughput close to the
input rate5). However, with very high input rates, simulating work peaks, the
system performance degrades (the response time grows and the throughput
remains stable at the saturation throughput value around 150k notifications/s).

4The original trace used in this experiment can be consulted at http://msrg.org/datasets/ma
mmoth

5It may seem surprising that when the system is not saturated, the throughput is not equal to
the input rate. However, this is because the input rate is measured in events/s, which includes
publications and subscriptions, and the throughput is measured in notifications/s. Therefore,
this difference is due to the fact that not all events generate a notification (i.e. publications that
do not match any subscription and subscriptions).

http://msrg.org/datasets/mammoth
http://msrg.org/datasets/mammoth
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Figure 10 Performance results of the execution of content-based workload of PADRES in
E-SilboPS using the workload translator system.

However, even in the worst cases (i.e. input rates of 500k and 1M events/s)
it should be noted that although performance is degraded, the values are
quite high and sufficient in most application contexts (response time of 35
ms and throughput of 150k notifications/s). Moreover, this experiment has
been executed with the minimum configuration of E-SilboPS, i.e. a 1-1-1
topology; performance can be improved by scaling out its operator layers, as
demonstrated in the evaluation of the previous section.

7 Discussion

This section will discuss the main implications of the presented work, as well
as possible ethical implications and considerations to be taken into account
when interpreting the presented evaluation data.

This work is a first step towards a comparative or benchmark study of
the different content-based publish/subscribe systems currently in existence.
More specifically, the translator presented in this work, which allows work-
loads to be translated between the different CBPS syntaxes, is an essential
step towards establishing benchmarks in this type of system, as it allows
the same workload to be adapted to the syntax of different CBPSs. This
type of benchmarking was not previously possible, and was a burden when
comparing the performance of different CBPS systems.

In this sense, the results shown in this work are a first approximation
to demonstrate (i) the validity of the translator presented and (ii) to demon-
strate the possibility of comparing the performance of two CBPS systems.
However, further effort is required from the developers of these systems to
establish a set of standardised workloops for benchmarking.

Finally, the performance improvement of the CBPS system under study in
this work (E-SilboPS) may have implications for the design of future similar
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systems, since the architecture of this system (based on layers of operators
each with a variable number of instances) is being widely used nowadays as
a consequence of the importance of the scalability of current cloud systems
and the rise of auto-scaling systems (e.g. Kubernetes).

8 Conclusions and Future Work

This paper has presented and described the evolution of E-SilboPS, a context-
aware content-based publish/subscribe system. This evolution consists of an
improvement of the architecture and the serialization used to maximize the
bandwidth of the connections between the different operators that compose
the topology of this distributed system. In this way, it has been achieved
that the total throughput of the system is the maximum possible with the
appropriate topology, i.e., only limited by the hardware resources of the
machines where it is deployed. In addition, this improvement has been
empirically evaluated through performance tests with different topologies
that have shown how the new version of E-SilboPS significantly improves
its predecessor (up to 5 times more throughput).

In addition, to fill the gap of the lack of real content-based workloads
(due to privacy issues and commercial interests), this work has also presented
a content-based workload generator that allows to translate traces between
the different syntaxes of content-based publish/subscribe systems. To test the
correct functioning of this system, a real trace of a massively multiplayer
online game (MMOG) generated by a content-based publish/subscribe sys-
tem (i.e. PADRES) was used and transformed into the E-SilboPS format. This
has allowed to evaluate the performance of E-SilboPS compared to PADRES
when executing the same workload, which is a considerable advance for the
benchmarking of this type of systems.

On the other hand, a feature that would provide E-SilboPS, and distributed
systems in general, with elasticity in cloud environments would be an auto-
scaling system. In [17], we have presented a first proposal, but it would
be of great value to analyze other predictive methods that allow predicting
the behavior of different performance parameters (Service Level Agreement
parameters or Key Performance Indicators) and extract conclusions on which
predictive methods are more accurate for which metrics, following a similar
approach to the one presented in [14].

Furthermore, we are working on additional configuration templates to
PADRES for the workload translator. In this way, we intend to offer a set of
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configuration templates covering the main content-based publish/subscribe
systems, allowing to transform workloads between any pair of these systems.

Finally, a feature that would add great value would be to provide E-
SilboPS with an event dispatch traceability system in certain contexts. For
this, decentralized technologies such as distributed ledgers (i.e. blockchain)
could be used. In this way, in the required context, a record of the events
transmitted by E-SilboPS could be stored, making it possible to trace which
notifications were sent to which subscriber as a consequence of a publication.

References
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[17] Vı́ctor Rampérez, Javier Soriano, David Lizcano, and Juan Lara. Flas:
A combination of proactive and reactive auto-scaling architecture for
distributed services. Future Generation Computer Systems, 118, 01
2021.

[18] Sergio Vavassori. A Novel Approach to Context-Aware Content-Based
Middleware. PhD thesis, Universidad Politécnica de Madrid, 2016.
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Politécnica de Madrid. He is Professor at Madrid Open University, UDIMA.
He held a research grant from the European Social Fund, and involved in
several national and European funded projects relating to Service Oriented
Architectures, Paradigms of Programming, Software Engineering, Human-
Computer Interaction and End-user Development. He has published his
research in more than 25 prestigious journals indexed in relevant positions
of the JCR.



Automatic Evaluation and Comparison of Pub/Sub Systems Performance 1079

Carlos Miguel holds a B.Sc. Degree in Computer Engineering from Uni-
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