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1. Introduction
The federated middleware layer developed
developed within the SocEDA project encompasses
encompas
different
layers: Event cloud, DCEP, DSB, etc. In this document, we focus on the event cloud layer. In
particular,, we describe the requirements of this layer and relevant state of the art.
art
The role of the event cloud layer is central because each event gets propagated and stored
through the event cloud layer. More concretely, the event cloud layer can be seen as a
federation of different and independent event clouds. In each cloud, events get
ge stored and each
cloud is the place where event brokering is achieved given existing event subscriptions.
The event clould layer is composed of two main sub
sub-components:
components: the event storage component
and the event brokering component. In this deliverable, we describe the requirements of these
the
two sub-components. We also present software engineering requirements.
The document
ent is organized as follows: we start by a brief definition of the related work. We focus
on two distinct categories of systems:
systems P2P systems managing RDF data and publish/subscribe
systems. The choice for presenting these systems is leaded by the fact that the SocEDA event
cloud component will implement a publish/s
ublish/subscribe system for RDF data implemented on top of
a P2P system.
system We then present the requirements of the event cloud layer. Finally, we conclude
this document.
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2. State of the art
This section is dedicated to the description of related works belonging to two categories: P2P
systems managing RDF data and publish/subscribe systems.

2.1. P2P systems managing RDF data
The P2P communication model has drawn a lot of attention and has emerged as a powerful
architecture to build large scale distributed applications. P2P architectures are classified into two
main categories:
•

Unstructured overlay networks:
networks: in such systems, there is no constraint on the P2P
architecture: the overlay is built by establishing random links among nodes (Gnutella

RFC, 2003). Despite their simplicity, these systems suffer from several issues,
issues in
particular, the fact
act that search times are longer.
•

Structured overlay networks:
well
etworks: in these systems,, peers are organized in a well-defined
geometric topology (e.g., ring, torus, etc.) and, compared to unstructured networks, they
exhibit stronger guarantees in terms of search time and nodes’ maintenance (Castro
et al., 2005). By providing a Distributed Hash Table (DHT) abstraction, by the mean of

Put and Get methods, they offer simple mechanisms to store and fetch data easily in a
distributed environment. However, even if this abstraction is practical, it has its limits
when it comes to efficiently supporting complex types of queries. The first wave of
DHTs (Stoica et al., 2001; Ratnasamy et al., 2001) focused on scalability, routing
performance and peer churn resilience. The m
main
ain issue of these DHTs is that they only
support exact queries, i.e., querying for data items matching a given key (lookup(key)).
To overcome such limitation, a second wave of DHTs led to a set of P2P approaches
such as (Aberer et al., 2003; Cai et al., 2003)
003) having the capabilities to manage more
complex queries such as range queries (Aberer et al., 2003) or multi-attribute
multi
queries (Cai et al., 2003).
Within the context of the SocEDA project, we will use a structured overlay network. We do thus
focus on this
his kind of overlay in the reminder of this document.
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Recently, motivated
otivated by the realization of the Semantic Web vision at the Internet level, solutions
combining Semantic Web technologies and the
the P2P communication model have been proposed.
As explained in (Staab & Stuckenschmidt, 2006), both technologies address the same need but
at different levels. The Semantic Web allows users to model, manipulate and query knowledge,
represented using the Ressource Description Framework (RDF) data model (Resource
Description
scription Framework 1999)), at a conceptual level with the intent to exchange it. P2P
technologies, on the other hand, enable users to share information using the decentralized
organization principle. P2P systems have been recognized as a key communication model to
build scalable platforms for distributed applications such as file sharing (e.g., Gnutella (Gnutella

RFC, 2003)) or distributed computing (e.g.,SETI@home (SETI@home, n.d.)).
Several works have thus focused on combining P2P systems and the RDF da
data model (see
survey (Filali et al., n.d.) for further details). In addition to the basic challenges related to such
large scale infrastructures (network partition, network maintenance, etc.), enabling complex
querying of RDF data on top of such infrastructure
infrastructure requires advanced techniques for data
indexing and query processing algorithms. Regarding data indexing, several approaches, e.g.,
RDFPeers (Cai & Frank, 2004), Atlas (Koubarakis et al., 2006), YARS (Harth & Decker, 2005),
RDFCube (Matono et al., 2007
2007), Battré et al. in (Battré et al., 2006), while based on different
overlay topologies, share almost the same data indexing model by hashing the RDF triple
elements. The main advantage of this indexing strategy is that triples with the same subject,
object and predicate are stored on the same node and thus can be searched locally and without
needing to be collected from all data sources. However, individual nodes, responsible for overly
popular triples (e.g., rdf:type, dc:title), can be easily overloaded re
resulting
sulting in poor performance.
One possibility to address this issue is to use multiple hash functions to ensure a better load
distribution as proposed in (Ratnasamy et al., 2001) and recently in (Mu et al., 2009).
The second category of RDF--based P2P approaches
oaches harness the semantic of RDF data either
to build a “semantic” layer on top of the P2P overlay (e.g., (Cudré--Mauroux et al., 2007;
Karnstedt et al., 2008)) or to adopt a semantic clustering approach and organize the P2P layer
as function of the semantic
ntic of the stored data (e.g., Edutella (Nejdl et al., 2003), DSS (Gu et al.,
2007), S-RDF (Zhou et al., 2009), Bibster (J. Broekstra et al.,, 2004)). Others have extended the
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basic RDF data model by adding the “context” concept as in YARS (Harth & Decker, 2005) and
PAGE (Della Valle et al., 2006). By taking into consideration data semantics in the data indexing
phase, these approaches try to improve data lookup. However, this requires an additional effort
to maintain the mapping between the semantic and the overlay levels.
Regarding robustness, most
ost of the presented works aim at adding data availability feature to the
RDF storage infrastructure through data replication. However, data replication further raises
several issues. Thereof, three main challenges have to be taken into consideration: which data
items have to be replicated; where to place replicas and finally how to keep them consistent. In
P2P systems there has been a lot of work on managing data replication. In (Ktari et al., 2007),
Ktari et al. investigated
vestigated the performance of several replication strategies under DHTs systems
including neighbour replication, path replication and multi-key
multi key replication. As argued in (Ktari
et al., 2007), the data replication strategy can have a significant impact on the
t
system
performance. Further effort may go into exploring more “dynamic” and adaptive replication
approaches as function of data popularity or average peer online probability.
probability Although the
replication techniques increase the data availability, they come not only at the expense of more
storage space but can also affect the data consistency (e.g., concurrent update for the same
triple). Moreover, the data inconsistency issue becomes even more intricate under the
partitioning of the P2P network. Thus, an upd
update
ate operation might not address all replicas as a
node storing a replica can be offline during the update process. Therefore, trade-offs
trade
are made
between high data availability, data consistency and partition-tolerance.
partition tolerance. Brewer brought all these
tradeoffs together
ogether and presented the CAP theorem (Gilbert & Lynch, 2002) which states that
with Consistency, Availability, and Partition-tolerance,
Partition tolerance, we can only ensure two out of these three
properties. Recognizing which of the “CAP” properties the application really needs is a
fundamental step in building a successful distributed, scalable, highly reliable system.

2.2. Publish/Subscribe systems
The goal of Publish/Subscribe systems is to allow processing/managing long-standing queries.
In SocEDA, subscribers will express their interests in specific events using a SPARQL query and
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will be notified when there will be notifications matching their interest. The Publish/Subscribe
paradigm (see (Eugster et al., 2003) for a more detailed survey) introduces query decoupli
decoupling in
space, time and synchronization between participants. In a publish/subscribe system,
subscribers, also called consumers, can express their interests in an event or a pattern of
events, and be notified of any generated event by the publishers (producers)
(produce that matches those
interests. The events are propagated asynchronously to all subscribers. Therefore, the overall
system is responsible for matching the events to the subscriptions and for the delivery of those
relevant events from the publishers to th
the subscribers which are distributed across a wide area
network via Notifications.
The publish/subscribe communication paradigm is usually used to exchange information
between applications, services and devices, for its ability to decouple communication
participants.
ticipants. The publish/subscribe communication paradigm is frequently chosen over the
request/response one to exchange information, mainly for its asynchronous nature and the loose
coupling of communication participants (Rodriguez-Dominguez
(Rodriguez Dominguez et al. 2010; Cugola
Cu
and
Jacobsen

2002).

Anonymity

and

immediate

communication

that

is

supported

in

publish/subscribe systems (Eugster et al. 2003) constitute another advantage. The aim of these
systems is to disseminate published information to a set of subscribers. Each subscriber
receives only the information that matches their subscription. In dynamic and highly distributed
environments, there are many information providers that if they were indiscriminately and
constantly pushing information, they could flood any system.
system. So, not all of this data is to be
pushed to the consumers but only the relevant to the users’/services’ preferences.
The consumers express their interests by subscribing to events of a given type. When a new
event is published, the system compares it against
against all existing subscriptions and notifies
interested parties. In the state of the art in publish/subscribe systems both operations are done
explicitly (Berkovsky and Eytani 2005). Users define, at design time, the events they publish and
manually inform
rm the system about the events they are interested in. Publish/subscribe systems
act as natural mediators between information providers and information consumers in distributed
environments (Aguilera et al. 1999). Information providers publish information in a form of
events, while information consumers subscribe to a particular category of events. The system is
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responsible to check the event against all current subscriptions and deliver it to the consumers,
whose subscriptions
tions match the event category.
Overall,
rall, the key components of a publish/subscribe system can be summarized into the
following concepts:
Subscriptions:
Subscriptions: A subscription describes a set of notifications (i.e., events) a consumer is
interested in. The goal behind the subscription process is that
that subscribers will receive
notifications matching their interests from other peers in the network. Subscriptions are basically

filters, which can range from simple Boolean-valued
Boolean valued functions to the use of a complex query
language. The expressiveness of the subscriptions in terms of filtering capabilities depends
directly on the data model and the filter model used.
Notifications:
Notifications: In publish/subscribe systems, notifications can signify various types of events
depending on the perspective. From a publisher perspective,
pe
advertisements are a special type
of notification used to describe the kind of notification the publishers are willing to send. From a
subscriber perspective, a notification is an event that matches the subscription(s) of consumers1
. An event notification
otification service is the mediator which is responsible for conveying notifications to
subscribers. Several peers within the network can actively or passively participate in the
dissemination of those notifications.
Publish/subscribe systems have several ways for identifying notifications that can be based
either on a topic or the content. In the topic-based model, publishers annotate every event they
generate with a string denoting a distinct topic. Generally, a topic is expressed as a rooted path
in a tree of subjects. For instance, an online research literature database application (such as
IEEE Xplore) could
uld publish notifications of newly available articles from the Semantic Web
research area under the subject “/Articles/Computer Science/Proceedings/Web/Semantic Web”.
This kind of topic will then be used by subscribers which will, upon subscription’s generation,
gener
explicitly specify the topic they are interested in and for which they will receive every related
notifications. The topic-based
based model is at the core of several systems such as Scribe (Castro
et al., 2002), Sub-to-Sub
Sub (Voulgaris et al., 2006). A main
n limitation of this model lies in the fact
1

In fully decentralized pub/sub systems, every node can perform the matching process.
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that a subscriber could be interested only in a subset of events related to a given topic instead of
all events. This comes from the tree-based
tree
classification which severely constrains the
expressiveness of the model
odel as it restricts notifications to be organized, using a single path in
the tree. A tree-based
based topic hierarchy inhibits the usage of multiple super-topics
super
for instance,
even if some inner re-organizations
organizations are possible, this classification mechanism rema
remains too rigid.
On the other side, a content-based
based model is much more expressive since it allows the evaluation
of filters on the whole content of the notifications. In other words, it is the data model and the
applied predicates that exclusively determine the expressiveness of the filters. Subscribers
express their interests by specifying predicates over the content of notifications they want to
receive. These constraints can be more or less complex depending on the query types and
operators that are offered
d by the system. Available query predicates range from simple
comparisons, regular expressions, to conjunctions, disjunctions, and XPath expressions on
XML.
Publish/Subscribe systems are the topic of many research works on orthogonal, non-functional,
non
aspects.. Let us cite for instance research works focusing on improving the “security
security”
security aspects of
publish/subscribe systems:: in (Wang et al. 2002),
2002) the
he authors analyze the security issues and
requirements that arise in content
content-based
based publish subscribe systems. They
Th
mainly identify
classical security problems (like authentication, integrity or confidentiality) and adapt them to the
content-based
based publish/subscribe case. Other works focus on the “confidentiality
confidentiality”
confidentiality aspects of
publish/subscribe systems. For instance, in (Raiciu & Rosenblum. 2006), the authors define the
confidentiality issues in a formal model and propose solutions depending on the subscription and
notification format. Several works are also devoted to “subscription
subscription automation”
automation aspect. For
instance, (Brenna et al. 2006) proposes an approach that shows how subscriptions in
publish/subscribe systems can be automated with a novel application of information retrieval
techniques. They propose the Reef framework that is geared toward monitoring Web browsing
history
tory and making recommendations to a user through a browser extension, in an automatic
way. In
Finally, to conclude this section, we would like to cite a few works that combined P2P techniques
(studied in the previous section) and publish/subscribe techniques that are the subject of this
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section. For instance, Meghdoot (Gupta et al., 2004) leverages a structured overlay network
(called CAN). Meghdoot provides an efficient mechanism for disseminating events to
subscribers but it has limitations regarding the query expressiveness it offers:
offer Meghdoot does
not support range subscriptions, and is confined to numerical attributes. Another interesting work
is Vitis (Rahimian
Rahimian et al., 2011) , a novel publish/subscribe which groups
group nodes which have
similar topic interests altogether and use mostly these nodes to convey notifications to
subscribers. In doing so, only nodes that have some interests in the messages they route
participate in the dissemination process. The architecture of Vitis is based on a ring
ring-based
structured overlay network, à la Chord (Stoica et al., 2001) where nodes exploit subscription
similarities using a utility function, thus selecting best
best fitted neighbors which will form a navigable
small world (Kleinberg, 2000) overlay network. Note that none of Meghdoot and Vitis are able to
manage RDF data.
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3. Requirements
This section is dedicated to the description of the requirements of the event storage
sto
and the
event brokering components.. We conclude this section by a description of software engineering
requirements.

3.1. Requirements for the event storage
3.1.1. Functional requirements
r
Due to the increasing number of Web Services and the huge amount of data they produce, the
event storage has to be largely distributed and scalable. Consequently, we decided to construct
the event storage on top of a CAN structured peer-to-peer network. The
e RDF storage repository
is implemented using a four
four-dimensional
dimensional CAN overlay. The four dimensions of the CAN
coordinate space represent respectively the subject, the predicate, the object and the graph
value of the stored RDF quadruple. Technically minded, each peer indexes the quadruples
within its zone by using a Jena RDF store, which is an actively maintained framework that
provides API and mechanisms to write and to retrieve RDF data but also to serialize semantic
data into several formats.
In addition to a Put/Get API (to populate “synchronously” the store with for example data from a
given database), each event cloud will offer a Publish/Subscribe messaging pattern, which,
thanks to the decoupling of subscribers and publishers allows greater scalability.
scalabili
Regarding the communications with an event cloud,
loud, the entities (SocEDA components, Web
Services, applications or users) that need to interact with an event cloud
loud will use a proxy. A
proxy is a light application that knows how to contact an event cloud (via the Trackers that serve
as an entry point into the peer-to-peer
peer peer network) and how to execute some operations. As Figure
1 depicts, to meet the platform needs, we decided to implement three proxies:
•

PutGetProxy is used to insert RDF data and to retrieve RDF data by using SPARQL
queries synchronously.

•

PublishProxy is used to publish RDF data or Events asynchronously.
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•

SubscribeProxy is used to subscribe to some RDF data or Events by using a SPARQL
query. It is also used to guarantee some properties (e.g. maximum throughput of
notifications per time unit).

Figure 1:: Proxies Interaction with an Event Cloud

3.1.2. Non-functional
unctional requirements
There are three requirements for the event storage component.. First, the storage needs to be
elastic to handle changing loads. Second, it needs to be robust, which means that events should
be reliably stored. Third,, it is necessary to fairly balance the load on the various peers forming
the storage (and more precisely the CAN network used to implement them). In this section, we
detail these two requirements.

Elasticity
The amount of information
tion that will be handled by an event
vent cloud is both unpredictable and
fluctuating. Consequently, an event cloud
loud has to be elastic. In contrary to an always-on
always
infrastructure for which the institutions refrain to pay for, the idea is to rely on the notion of Cloud
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Computing to scale
e horizontally by adding more nodes on demand and to release them as soon
as possible. But also to scale vertically by offering the possibility to deploy several peers on the
machines that are under loaded. Within the context of SocEDA, we will implement some
s
existing
heuristics to make the storage layer elastic.

Robustness
As explained in the previous section, the event storage is constructed on top of a structured
peer-to-peer
peer network, called Content Addressable Network (CAN). It is necessary to ensure that
it is reliable.. This can be achieved by replicating RDF tuples that are stored. This roughly
consists in storing multiple copies of each RDF tuple on different nodes (called replicas). A
replication protocol is in charge of ensuring that, at any time, each RDF tuple is replicated on a
sufficiently large number of replicas (called the replica set). The replication protocol is also in
charge of deciding where replicas should be localized.
In the past years, several replication strategies have been proposed
proposed in the context of peer-topeer
peer systems, and in particular
ular Distributed Hash Tables.
Tables The basic replication strategy is quite
simple: replicas are simply placed on nodes that are “close” (in the overlay network) to the node
managing the RDF tuple. This strategy induces nevertheless a very high bandwidth consumption
to migrate replicas whenever a node arrival or departure changes the architecture of the overlay
network. A better strategy has been proposed that takes into account the availability of nodes.
This strategy reliess on availability prediction algorithms which drive the replication strategy to
place and to migrate replicated data on the most available nodes.
Within the context of the SocEDA project, we would like to propose another strategy: we believe
b
that it would be interesting to exploit the regularity of node connections. Indeed, recent studies
have shown that diurnal availability patterns are commonly exhibited by real-world
real
systems. The
idea would be to create for each RDF tuple a candidate set containing nodes exhibiting regular
connection patterns such that, with a high probability, there will always be k online nodes in the
candidate set to replicate the given RDF tuple. That way, these are always the same set of
nodes that will periodically
lly belong to the replica set of a given RDF tuple. Nodes can thus cache
data and drastically reduce the bandwidth usage.
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Load sharing
Another requirement for the storage layer is to fairly share the load of RDF triples to be indexed
and stored among nodess participating in the CAN network. Traditionally, peer
peer-to-peer systems
seek to equally balance the load on all nodes. In most systems, all nodes periodically perform
the same set of actions. Yet, large
large-scale
scale distributed systems are usually heterogeneous with
w
respect to network capabilities such as bandwidth. We do thus believe that a blind loadload
balancing strategy, as usually implemented in peer-to-peer
peer
peer systems, might significantly hamper
the performance of the system.
Within the context of the SocEDA platform,
platform, we would thus like to study mechanisms allowing to
adapt the contribution of nodes in the CAN network according to their bandwidth and storage
capabilities. This requires modifying the way the CAN network is used. It also requires
mechanisms to dynamically
cally assess the capability of a given node and to compare it to that of
other belonging to the network.

3.2. Requirements for event brokering
3.2.1. Functional requirements
The event brokering layer implements a publish/subscribe mechanism. To build a
publish/subscribe
ibe system, a notification classification scheme has to be defined. A notification
classification scheme is composed of a data model and a filter model. Within the SocEDA
project, we propose to build the data model on top of quadruples by associating each element of
a quadruple to a dimension of a CAN structured peer
peer-to-peer
peer network. Thus, each quadruple
represents a potential event that may be delivered to a subscriber. However, by using this data
model, the number of elements contained by an event (quadruple)
(quadruple) is limited. To overcome this
drawback we propose to introduce the notion of compound event (CE): an event that is made of
a non-limited
limited number of quadruples. All the quadruples that belong to the same composite event
are assumed to share the same grap
graph value.
Regarding the filter model, we must have the possibility to formulate a subscription by
associating some filter constraints to a quadruple (event), but also to a set of quadruples that
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belongs to the same compound event. This means that several ev
events
ents (quadruples) that are
published at different times and that belong to a same compound event may participate to the
matching of a subscription by using their common constraints.
Moreover, in
n order to guarantee fairness regarding a notification point of view, events should be
delivered in a preserved order. This means that event sources will have to ensure the correct
order of the messages when pushed into an event cloud.
loud. The dissemination of the events to the
subscribers will then be processed by the
t Event Cloud, which will make its best to guarantee the
same order even in the presence of failures. An additional requirement regarding event delivery
order is that notifications for a suite of subsequently ordered publications (of a same source) that
matches
hes a given subscription reach the corresponding subscriber in the same order. This means
that the matching of a given subscription by two consecutive published compound events
generates notifications that are ordered in the same way.

3.2.2. Non-functional
functional requirements
requi
There are two requirements for the event brokering component. First, it needs to balance the
load on the available nodes. Second, it needs to be robust.

Load balancing
The event brokering component should be able to balance the load. It is well-known
well
that the
distribution of RDF data elements is inherently skewed. To face this challenge, we first propose
to study two different techniques: first, we can remove the prefix from each RDF tuple in order to
mitigate the data distribution. The second technique is to force new peers to join in priority an
overloaded peer in order to lower its load. These two solutions should help to better share the
load across nodes in the overlay. We then propose to investigate load balancing techniques that
have been proposed in content-based
content
publish/subscribe systems:: these techniques rely on a
load estimation algorithms. Some techniques have also been proposed that work by reducing
the spatial extent of a zone managed by a peer in order to reduce the number of subscriptions
subscri
it
handles. Finally, we would like to mention the fact that in a CAN overlay network, we are in a
presence of a very rich, self-organized
organized network of brokers. Routing paths between any two peers
in a CAN are numerous, which can give opportunities to allow messages to use alternate paths
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to avoid congested zones. If necessary, we will investigate a solution based on this observation.

Fault-tolerance
It is necessary to make sure that the event brokering component will be resilient to failures. This
means that events should be delivered in the correct order, despite the failure of part of the
nodes composing the event brokering component. A general approach to fault-tolerance
fault
is to
use “state
state machine replication”.
replication State
tate machine replication is a software technique for tolerating
failures using commodity hardware. The critical service to be made faultfault tolerant is modelled by
a state machine. Several, possibly different, copies of the state machine are then deployed on
different nodes. Clients of the service access the replicas through a state machine replication
protocol which ensures that, despite concurrency and failures, replicas perform client requests in
the same order. In a replicated pub/sub system for instance, all replicas must perform the same
client requests (subscriptions, publications) in the same order.
Two objectives underlie the design and implementation of a state machine replication protocol:

robustness and performance. Robustness conveys the ability to ensure availability (liveness)
and one-copy
copy semantics (safety) despite failures and asynchrony. On the other hand,
performance measures the time it takes to respond to a request (latency) and the number of
requests that can be processed per time unit (t
(throughput). The most robust replication protocols
are those tolerating arbitrary failures of replicas, and not only straight failures of brokers. These
protocols, called BFT (Byzantine Fault
Fault-Tolerant)
Tolerant) protocols are those we should consider within
the context
xt of the SocEDA project. A number of BFT protocols exist. Nevertheless, existing BFT
protocols have two main drawbacks. First, most existing BFT protocols have not been devised
for wide-area
area networks. We would like to propose BFT protocols optimized for w
wide-area
communications. Such protocols must provide both high throughput under high client load and
low latency under low client load. They must also be able to face changing network conditions
and varying client load. Finally, they must be able to leverage
leverage asymmetric network link
performance. Second, existing BFT protocols do only tolerate faults from a fraction of the nodes
(typically, one third of the nodes). Within
ithin the context of the SocEDA project where the event
brokering component may be deployed also
also on machines gained from volunteer peer-to-peer
peer
and cloud systems, we believe that it is important to consider selfish behaviours. Indeed, nodes
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participating to the event brokering component can behave selfishly, i.e. they can try to
maximise their benefit,
fit, while reducing their contribution. From an external viewpoint, selfish
nodes behave like dysfunctional nodes. To ensure the efficiency of the publish/subscribe
pub
system, it is thus necessary to design techniques forcing selfish nodes to behave correctly
correctly.

3.3. Software engineering requirements
Previous sections highlighted challenging requirements in the way events must be handled
within an event cloud. We have seen that the two involved components (event storage and event
brokering) have both functionl and non-functional
no functional requirements. Moreover, it is possible that
these two components need to be adapted at runtime, e.g. if the operating conditions change, or
if the user has new requirements. Consequently, we believe that it is of primary importance to
use a software
ftware engineering technique allowing both static and dynamic configurations of
components. Within the context of the SocEDA project, we argue that the right technique to use
is the component-based
based technique. Components have already proven useful when deve
developing
base components of the SocEDA stack (e.g. the Petals DSB). We would like to use them to
develop the two components described in this deliverable: the event storage and the event
brokering components.
According to this guideline of applying a component-oriented
compon
oriented approach to program the event
cloud, each peer of the event cloud will be represented as a distributed software component,
equipped with the necessary control part in order to be able to possibly act, i.e. reconfigure the
peer at runtime, control
rol its QoS, its load, etc. In order to fully leverage the possibility offered by
component-based
based programming models, a requirement will be to distinguish (at the code level)
the functional layer from the control (also named non-functional)
non
layer.
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4. Conclusion
In this deliverable, we have described
describe the requirements of the event cloud layer. This layer is
composed of two components: the event storage component and the event brokering
component. For each component, we have described both functional and non-functional
requirements. To better understand the challenges, we have started with a brief desription of
related works in the two main areas addressed by the event cloud layer: P2P systems managing
RDF data and publish/subscribe systems. Finally, we have
ave concluded this deliverable with a
short description about software engineering requirements.
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