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Abstract. This paper gives a synopsis of the author’'s PhD project. dieioto
address a broad range of conference participants, we hae#isglly decided to
give a general, rather non-technical outline of the tackéséarch problems. This
decision is reflected in the overall structure of this paper.

After introducing the general research area and the coaféke project, we out-
line the three research problems that are addressed whthiagsociated disser-
tation. We then give a conceptional overview about the rebethat has already
been carried out but also about the remaining steps that todeel undertaken.
We conclude this paper by stepping back from the actual dégm and relating
its contributions to the broader research community.

1 Introduction

Within the last years, there has been an increasing acadeteiest in the publish/sub-
scribe (pub/sub) communication paradigm. One reason ®gthwing popularity of
this subject is the wide applicability of the general pub/syproach, ranging from
the low-level monitoring of distributed systems to highideelectronic commerce ar-
eas ]. Another reason for its success is the asynchrolomsely-coupled nature of
pub/sub, allowing for the implementation of dynamic, evériten, and thus indepen-
dent application components.

The overall idea of pub/sub is straightforward and as fodldub/sub systems have
two kinds of users, publishers and subscribBrshlishersprovide information to the
system, usingvent messageBefore this information can be published, publishers have
to specify their future messages by the helpd¥ertisementsSubscribersconversely,
are interested in information and specify their interestsgsubscriptionsThe pub/sub
system decouples the communication of these usersatifiessubscribers whenever
an incoming messagaatchegheir subscriptions. We have given an overview of these
two user groups and their communication directives in [Pﬁg. 1

The granularity of the concept of matching, i.e., a subsionpspecifies an interest
in incoming event messages, divides pub/sub into topiedhasnd content-based sys-
tems. Early research focused on the former concept, andsagpgevent messages to
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Fig. 1. Schematic overview of users and their communication direstin pub/sub

specify a topic and subscriptions to state an interest iic$ofd he subscriber thus re-
ceives notifications about all messages of the specified.téprepresentative of this
approach is newsgroups.

Current research allows for a more sophisticated concepedthing based on the
actual content of messages (e.grY®HON [fl] and SENA [[Ld]). Within this paper,
we assume event messages to stateant typeand a set ofattribute-value pairs
according to this type. Thereby, the type and these pairesept the content of this
message. Subscriptions contaiffileer expressiorfor event messages, restricting the
values of attributes. Hence, subscriptions specify theesdra subscriber is interested
in, leading to the term content-based pub/sub. We definerésivments in the same
way as subscriptions. However, the semantics is differedertisements specify the
content a publisher will send in the future.

To confirm the common claim of an increased popularity of thb/gub area, we
have analyzed the number of academic publications on this to various digital li-
braries (ACM, DBLP, Google Scholar, IEEE, and Springerlinkhereas the overall
number of publications per year has doubled since apprdgigna001, the number of
publications on pub/sub has quadrupled since that year.

Pub/sub, however, is not only an academic subject. Variougpanies apply this
general event-driven paradigm in the context of messagaiggeystems, including
IBM, Microsoft, and Oracle. Other well-known (commerciaf)plications of pub/sub
include RSS feeds and Google Alerts.

Having introduced this general context of our PhD projeet outline the identified
research problems in the next section.

2 Research Problems

An investigation of content-based pub/sub systems retieaisfocus on subscriptions
and advertisements as conjunctive filter expressions.I\Nektrof the proposed solu-

tions strongly depend on this restriction and are not diyesgplicable to, e.g., sub-

scriptions as arbitrary Boolean filter expressions. Altjloone could convert arbitrary
expressions to disjunctive normal forms (DNF) and handéryegonjunction as sepa-
rate subscription/advertisemet|[L4,15], we believettiatcanonical conversion is not
a reasonable approach in pub/sub. The reason for this hggistis the exponential size
of DNFs in the worst case: The already large number of syttsmnis and advertise-
ments explodes (exponentially) due to conversions.



In our PhD project, we want to build a content-based pub/gstem that supports
arbitrary Boolean subscriptions and advertisements, how s advantages compared
to conjunctive solutions. In order to allow for this suppantir research needs to con-
tribute to various parts of these systems and to extendreiffecomponents, as pre-
sented in the following subsections.

2.1 Matching of Arbitrary Boolean Subscriptions

The first component in pub/sub systems that needs to be emthamthe matching
algorithm. Current approaches that target at an efficiedtsoalable matching only
support conjunctions, e.g|:||16]. Thus, we need to @gvainovel matching solution
for arbitrary Boolean subscriptions.

This novel approach should be a general-purpose solutairatko efficiently sup-
ports the use of mere conjunctive subscriptions. An obvides is to extend an existing
conjunctive algorithm to support arbitrary Boolean sulpgions.

2.2 Optimizing the Routing of Arbitrary Boolean Subscriptions

The second component to be extended is the event routingiaptions. These op-
timizations are required in distributed pub/sub systemsethuce the sizes of event
routing tables. Similarly to matching algorithms, curreptimizations are only appli-
cable to conjunctions, e.g., covering|L9,14] and mergft@{T4]. The reason is the
complexity of these approaches for arbitrary Boolean esgioms, being (co-)NP-hard.

Our novel routing optimization should efficiently suppodth arbitrary Boolean
and conjunctive subscriptions to be universally applieabVhen using an optimiza-
tion method that works orthogonally to current approactiese should even exist an
optimization potential in situations that cannot be optied by today’s solutions. Ad-
ditionally, conjunctive systems could simultaneously lgagifferent optimizations to
improve the overall optimization effects.

2.3 Supporting Arbitrary Boolean Advertisements

The final area requiring enhancements is the symmetricalatipf arbitrary Boolean
advertisements. To practically use advertisements, phlsgstems need to determine
the overlappingrelationships among subscriptions and advertisemerfanially, a
subscriptions and an advertisementoverlap ifa describes at least one event message
that matches. Current computation methods for overlappings exploitdbejunctive
nature of subscriptions and advertisements, and are thgpptcable.

Distributed pub/sub systems internally forward adventisets to build up subscrip-
tion routing tables. To reduce the sizes of these tablesappkes subscription routing
optimizations. Currently, event routing optimization eggches (covering and merging,
cf. Sect.) are likewise applied for this purpose. Howetlese optimizations only
support conjunctions.

As a final step, we thus need to develop an overlapping cdionlapproach for
arbitrary Boolean subscriptions and advertisements, anglibscription routing opti-
mization. Both of these solutions should also be applicabht®njunctions.



3 Undertaken Steps

Within our PhD project, we have addressed all three probleassof pub/sub systems
that have been identified in Sefdt. 2. In this section, we yriftline these contributions.

3.1 Matching Algorithm

We have developed a matching algorit}ﬂn [4] for arbitrary Baa subscriptions. This
approach s the first matching solutions that both suppbidstass of subscriptions and
utilizes one-dimensional predicate indexes to realizefficient and scalable matching
process. It is an extension of the conjunctive counting ralgm [@]. An important
property of our approach is the support of conjunctive stipgons in nearly the same
way as the original algorithm.

The algorithm works in three steps: Firstly, it determinkpeedicates that match
the attribute-value pairs of an incoming message. Secpitdlgmputes a set afan-
didate subscriptions.e., subscriptions that potentially match the incomingssage,
by conducting a set of subscription indexes. Finally, th@lBan operators of these
candidates are evaluated to determine whether they aatestitreal match. We have
illustrated these steps in Fig. 2.

Incoming Matching Candidate Matching
event predicates subscriptions subscriptions
E—— E——

Predicate Subscription Subscrioti E——
—* | indexes —* | indexes E— ubscriptions
—_— —_—

Fig. 2. Overview of the applied 3-step arbitrary Boolean matchilggathm

Memory Requirements. To analyze the memory requirements of various matching
algorithms, we have developed a characterization scherrmtnscriptionsl]]3]. This
scheme allows for the determination of the matching algorithat requires less mem-
ory resources for a given set of subscriptions. Based orstihieme, we have then com-
pared the memory usage of our Boolean and two conjunctivmapbes@ﬂﬂ. We
have found that various settings, even involving only orsgudiction in subscriptions,
should apply a Boolean matching algorithm due to its spdiaezicy.

Efficiency. As a next step, we have analyzed the efficiency propertiesioBoolean
and the conjunctive counting approach. We have evaluatiddmaartificial scenario but
also a typical set of subscriptions for an online auctiotirsg{[f]. Our findings show
that both matching approaches lead to comparable efficigroperties. Generally, the
larger the canonical converted subscriptions, the lessiggitithe conjunctive and the
more efficient our Boolean approach.



3.2 Event Routing Optimization

For the distributed part of pub/sub systems, we have degdlapnovel routing opti-
mization, subscription pruninqﬂ]. This optimization works for all kinds of Boolean
subscriptions and can be tailored to optimize in respectifterdnt target parameters,
e.g., memory usage, efficiency, and network Ic@td [6].

The broad idea of subscription pruning is to remove (pruaefspof the tree struc-
ture that represents a Boolean subscription. To ensureat@vent routing, every prun-
ing operation needs to create a more general subscriptionirgy subscriptions in rout-
ing tables decreases the sizes of these tables by redueingntplexity of their routing
entries. We have given an example event routing table befatafter applying pruning

in Fig.[3.

Un-optimized routing table Optimized routing table
Subscription % % ﬁ Subscription C& 0&3 - %
Neighbor N1 | No No e Neighbor N1 | No No

Fig. 3. Event routing table before (left) and after (right) apptysubscription pruning

Analysis. We have analyzed and evaluated subscription pruning in Bmedmook auc-
tion scenario|]7] and found a promising optimization effédtthe same time, subscrip-
tion pruning strongly decreases the sizes of event routibes, increases the system
throughput, and only slightly increases the intﬂrmdtwork load. The network-based
optimization variant has led to the best overall resdﬂts [6]

Comparison. Although subscription pruning is the first optimizationttispractically
applicable to Boolean subscriptions, we have additionaligertaken a comparison to
conjunctive solutions: We have analyzed the conjunctiventiag algorithm in combi-
nation with the subscription covering optimization, and Baolean matching approach
in conjunction with subscription pruning. Subscriptionmping shows a more stable op-
timization behavior than subscription covering, i.e.,ptimizes in all of the analyzed
scenarios. Subscription covering, however, only optisizsubscriptions fulfil its as-
sumption, i.e., there are strong subset relationships grtiem.

Subscription pruning optimizes orthogonal to subscriptiovering, as it has been
our design goal (cf. SecEjZ.Z). Pruning can thus be addilipmapplied to subscrip-
tion covering, which leads to an improved overall optimizat as we have shown in
experiments.

! Subscribers are still notified correctly because the finfioation delivery is based on the
original, un-pruned subscription.



3.3 Advertisements

Our final step on the way to arbitrary Boolean pub/sub has beesymmetrical sup-

port of arbitrary Boolean advertisements. We have firstlyetlgped an algorithm to

calculate the overlapping relationships among arbitrayglBan subscriptions and ad-
vertisements. Secondly, we have proposed the first optifnizapproach that is tailored
to advertisements, advertisement pruning.

Overlapping Calculation. Our overlapping calculation approach uses the notion of
violating predicates[ﬂ] (i.e., non-overlapping predicates) to determine thertap-
pings among subscriptions and advertisements. Conjunctwmputation algorithms,
conversely, can be based on overlapping predicates dueitocttmmon assumption
that subscriptions contain exactly one predicate pebatii Our semantics of Boolean
subscriptions and advertisements, however, allows anybeurof predicates per at-
tribute.

Similar to the matching approach (S 3.1), our algoritinstly determines vio-
lating predicates, secondly computes a setadidate overlappingsand finally an-
alyzes these candidates to resolve their real status ofagy@ng. The illustration in
Fig. B exemplifies these steps from the viewpoint of subsonig, i.e., for an incoming
subscription the algorithm determines overlapping adsements. Our approach works
similarly for the other direction due to the symmetry of theedapping relationship.

Incoming Violating Candidate Overlapping
subscription predicates advertisements Advertisements
—> 1 — . .
Predicate ﬁngrnse Advertise—
— > | indexes —— I — ™ | ments
indexes
—_— —_—

Fig. 4. Overview of the applied 3-step overlapping calculatioroalpm

When comparing our approach to conjunctive solutions, we iaund similar ef-
ficiency properties for the function problem (determinatad all overlappings) in our
online auction scenario. Our Boolean approach, howevewslta much better perfor-
mance for the decision problem (determination whethereat lene overlapping exists).

Advertisement-Based Optimization. Advertisement prunin@] is the first designated

subscription routing optimization. It takes a similar aggeh to subscription pruning
(Sect.), i.e., it removes selected branches of the Badiee structure of adver-
tisements. The overall goal of advertisement pruning issthuce the memory usage
for subscription routing tables (containing advertisetapwithout strongly increasing

the existing overlapping relationships. The influence @nekisting overlappings is es-
timated based on the violating predicates of advertisesreemd subscriptions, used in
the overlapping calculation algorithm that has been prteskin the previous paragraph.



4 Future Steps

In the previous section, we have described the research we uradertaken so far.
These contributions widely align with the problems thatdhbeen identified in Secﬂ. 2.
However, some work still needs to be done.

4.1 Experimental Study

Currently, we are undertaking a large set of practical eérpants to (1) further analyze
the behavior of our approaches, and (2) to compare our sakito existing methods in
detail. One can, obviously, undertake an enormous amousttidies to investigate all
details of the performance of our and existing approaches ddthe main challenges of
our experiments is thus to identify those settings that iplethe most valuable insights
into the behavior of the analyzed algorithms.

4.2 Writing Up

Undertaking research is only the first step towards a PhD.sEwend (and at least
equally important) step is to write up all findings and methotiresearch, to structure
and organize thoughts and ideas, and finally to hand in a amgissertation. We have
just started this second step and, ultimately, work its kasian.

5 Conclusions

The rather general presentation of our PhD project in thigep&as aimed to give
an overview about the broad topic we are working on in the @ated dissertation.
We have published details about our research findings irhtlee utlined subareas of
pub/sub (cf. Sec[] 3), as referenced in the respectiveosescth more technical summary
of our general PhD topic can be found Elu [2]. To conclude tlapgr, we now want to
outline the general contributions of our research to théquibarea.

In our opinion, one of the most severe problems that pubisdacing is the lack
of realistic, widely applied applications. A popular segtiin the literature is the stock
broker example, simplifying the pub/sub paradigm to thea@n of stocks of certain
companies. We believe that the choice of such scenariosomastited to the focus of
current pub/sub systems on conjunctive expressions, atdté analysis of more so-
phisticated settings will reveal the requirement of momapltex subscriptions. We hope
to have set a starting point with our choice of an online auncéixample scenariﬂ [9].

The chosen application scenario also influences the tastgsethat are applied in
conducted studies. We believe that our analysis of typitmhtadistributionsﬂ?] and the
identification of various subscription/advertisemenlss@@] is a step in the direction
of more meaningful experiments and evaluations. This fecuactually existing prob-
lems, hopefully, will lead to an even wider adoption of pultysn everyday systems.

Although we strongly believe that academic research shoatde controlled by
economical constraints, and it should be possible to uakemesearch merely for the
sake of it, a look into the real world might not always be daimggThis is particularly
important to counteract the common prejudice that reseznedites new problems but
does not solve existing ones.
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