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The ongoing proliferation of new services, applications,
and contents is leading the Internet to an architectural
criss owing to itsinability to provide efficient solutionsto
new requirements. Clean-date ar chitecturesfor the future
Internet offer a new approach to tackle current and future
challenges. This proposal introduces a novd clean-date
architecture in which the TCP/IP protocol sack is
decoupled in basic functionalities, that is, atomic services
(ASs). A negotiation protocol, which enables context-
aware savice discovery for providing adapted
communications, is also gpecified. Then, we present how
ASs can be discovered and composed according to
requesters requirements. In addition, a media service

provisoning use case shows the benefits of our framework.

Finally, a proof-of-concept implementation of the
framework is dexribed and analyzed. This paper
decribesthefirst clean-date architecture aligned with the
work done within the 1SO/IEC Future Network working

group.
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|. Introduction

In current-day society, there is no doubt thet the Internet
epitomizes a cornergtone tool for human communications, but,
a the same time, it has triggered new chdlenging problems.
Usrs expect higher levels of performance, security, and
religbility. As a result of its gigantic growth, the Internet is
reeching sometechnologica and operationd limitsimposed by
its architecture in its attempt to give full support to the new
requirements introduced by increasing services, applications,
and content. It ill seems undear how the current Internet
architecture will handle these requirements, but the fadt-
growing need for Srategies in the network that can guarantee a
certain leve of qudity of service (QoS) and qudity of
experience (QOE) becomes paramount. In recent years,
multiple initiatives have contemplated restructuring the current
Internet architecture to cope with these limitations Many of
these solving drategies introduce novd deandae
architectures that do not teke TCP/IP as ther groundwork.
Following this trend, the principles on which service-oriented
architecture (SOA) and service-oriented computing [1] are
grounded offer some design guiddines that can pave the way
to implement anew flexible architecture for the future Internet
(F1) in which services could be easily deployed, discovered,
and reused. SOA promotes the usage of services to support the
development of rapid, interoperable, evolvable, and massvely
digributed gpplications. Furthermore, in [2], the authors
presented a very disruptive idea.on how to establish role-based
architecture (RBA) network communicetions. Their proposal
was to avoid the exigting layered sructure of the TCP/IP stack
and in 0 doing extract the roles or network functiondities that
as a result could be interconnected without current layer
restrictions. Decomposition of the current protocol stack alows
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a certain granularity of network functiondities and enables
their sdlection only as required. Thisisthe first sep to provide
inherent crossayering functionsto an Fl architecture. 1t would
dlow avoiding numerous specific and complex crosslayer
solutions, such asthe improvementsthat are especidly donein
wirdess networks [3]. Those solutions are too soecific and
cannot be reused for different purposesin varied Stuations. An
architecture that does not have rigid layers (and thus is not
handicapped by the hierarcchicd redrictions on ther
interconnection) can solve the same problems without this
drawback as functiondities can be requested as required by a
pecific communication. To move service-oriented paradigms
to the network level, this paper proposes and vdidaes the
decomposition (RBA-based) and composition (SOA-based) of
network functiondities 0 as to enable a native cross-layering
solution whils¢  avoiding functiona duplicities. These
functiondlities can be seen as in-network services and as such
should be discovered and combined to supply seamless
communications. This gpproach ams a improving the
satisfaction of usars expectations by matching offered service
characterigics with requirements and preferences previoudy
determined by them.

The rest of the paper is Sructured as follows. In section 11,
the rdaed work is summarized. Section Il presents the
overview of the proposed architecture. In section IV, both the
proposed scenario and testbed are introduced, including an
andyds of some results obtained from a proof-of-concept
implementation. Findly, conclusons and future works are
presented in section V.

Il. Related Work

Currently, there are two mgor types of gpproach being
utilized to redesign the Internet: evolutionary and disruptive. It
isdifficult to believe that evolutionary approaches can solve dl
the issues and chdlenges that the current Internet exposes (for
example, multihoming, cross-layer interactions, middle-boxes,
QoS, sublayer proliferation, mobility, security, and so on) in an
efficient manner whilst providing enough flexibility to adopt
future services and reguirements thet are yet unknown [4].
Mog of the current Internet deficiencies derive from itsorigina
layered and monalithic architecture. Therefore, we advocate
for a clean-date redesign of the Internet architecture based on
sarvice composition approaches and SOA and RBA paradigms.

SOA [5] principles are very wdl known and widdy
deployed in Web sarvices environments. However, these
sarvices can be gpplied in abroader context, covering dl leves
of a communicaion. Some proposas seek to create sarvices
not only a the applicetion levd (for example, SOA4AII [6])
but dso a lower leves (network). Such rdevant projects as
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AWARD [7], RNA [8], SILO [9], RINA [10], and SONATE
[11] composad functions that offer specific in-network
operations. Although the projects defined the functions
dmilarly, they referred to the functions usng different
terminology, that is, functiondities sarvices, protocol
mechaniams, or building blocks. The main difference between
them lies in how the projects defined modularization and
compostion. For example, RNA and RINA are based on the
recursve compaosition of layers that are not prefixed, whereas
SONATE is doser to the RBA modularization and SOA
composition modes. All of them tackle the lack of flexibility
and the increesng complexity in the current protocol dtack.
However, they are focused on a single node and homogeneous
composition of the communication stack and do not offer a
complete globa solution. Mechaniamsto discover services and
negotiate QoS and sarviceleve agreements are criticd for a
future service-oriented and salf-managed network.

Many service discovery draegies have been dudied in
literature in the Web service and ad hoc network fidlds. Some
former drategies proposed solutions that use such repositories
as UDDI, deployed in business environments. Others propased
different protocols, such as SLR, Sdutation, Jni, and so on,
which are too particular and present interoperability problems.
Other P2P-based agpproaches, such as JXTA and Kazag,
operate only at gpplication levd. An extensve comparison can
be found in [12]. In this work, we propose a generic sarvice
discovery protocol thet works a network and application leve
and can dso integrate context-aware capakilities.

In [13], the authors proposed a programmable network
goproach. The work introduced how over-the-top services
could be dlocaed indde the network, but a complete
framework in which users can discover, indantiate, and
execute sarvices remains undefined.

Closdy related gpproaches were presented in the last few
years in the software-defined networking field as wel, with
OpenHow [14] protocal as the gpearhead. OpenHow defines
an open protocoal that enhances network flexibility. Although it
is conddered a very useful tool for network virtudization, it
focuses on the management of a single domain network at link
and network layers and does not offer a globd solution.
Dynamic dlocation of resources and process ddegation to
network eements (for example, a video transcoding process)
are uncovered issues. An SOA should indeed be required over
the OpenFHow subgrate.

Substantid prior work [2], [7]-[11] examined the benefits of
new architectures. We view these proposd's as complementary
to ours, to complete afind definition of what FI should be at
the network levd, for the stke of a solid deployment of
sarvices without current redtrictions. However, this work
presents a nove gpproach for providing services adapted to
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context conditions in heterogeneocus networks, dlowing
sarvices to be alocated depending on context parameters, such
aslink conditions, device capabilities, user preferences, and 0
on. Thisis achieved thanks to a generic context-avare service
discovery protocol that integrates routing functions. There
exigs a padldism between the context-aware sarvice
discovery protocol (SDP) described and the session initiation
protocol/SDP for egtablishing voicelvideo communications
over |P and describing the media sessions among the involved
paties. Some other projects in the USA (CCNx/NDN, Geni),
EU (ANA, PSIRP/PURSUIT, SAIL), and Asa(AKARI) have
been issued to develop new network solutions from scratch as
well. Thee deandae proposds shae some common
concepts, such as micro-modularization and virtudization as a
means to support multiple architectures Smultaneoudy, in their
design and objective. Neverthdess, they dso differ in scope or
development (for example, protocol stack compostion in a
single node, focused in building anetwork of informetion).

In addition, the interest of the sdentific community in
proposing new solutions to current architecture has recently
been driven by gandardization bodies, such as ISO/IEC
JTCY/SC6/WGT (not discarding dlean-date) and ITU-T SG13
(IP-based). This work is completdy digned with the efforts
done within ISO/IEC JTC1/SC6/WG7 “Future Network” Part
7 Service Compostion” [15].

[11. Architecture Overview

Services should not be fixed but dynamicaly composed
where and when necessxry, with respect to sarvice
requirements, network transfer capabilities, and surrounding
context in the user and the network environments. This
proposa presents a service-oriented framework adle to ded
with functiondities a dl leves (connectivity, transport,
application) by congdering the provided service and not the
technology behind the functiondity. All these network
functiondities can be seen as sarvices by means of suitable
sarvice-oriented abdractions Herein, exiging functiondities
and protocols can be indluded, as wdl as linked or enriched,
and new functiondities can be eadly introduced.

Subsets of serviceswill be provided by nodes in the network
and will be composed to cregte efficient end-to-end
communications according to the requirements of the
communication requesters. Hence, thistask involves a context-
avare service compostion process. Depending on the type of
requedter, requirements may vary. Typicdly, the bedc
requirements of a communication are expressed in terms of
QoS parameters. However, requirements can aso be otherwise
desired or even mandatory dtributes in the communications,
such as energy consumption, geographicd location, and price.
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Our work proposes a condraint-based routing (CBR) [16]
performed hop by hop during the service discovery process. It
edablishes end-to-end virtud circuits between the requester
and the provider of ademanded end servicein aloca domain.

Furthermore, this framework empowers requestersto choose,
as it gives them the capacity to choose between different
communications. Although it adds acertain level of complexity,
it meets the socioeconomic requirements of the current
commercid Internet, in which participating stakeholders have
different and sometimes conflicting interests. For instance,
network providers would like to minimize the consumption of
their network resources, while service providers would prefer
to maximize the qudity and competitive pricing of their
sarvicesover the network [17].

1. Service Framework

The proposaed solution consders three basic components:
aomic savices (AS), aomic mechanians (AMs), and
composed services (CSs). ASsareindividud functions or roles
commonly used in networking protocols, such as sequencing,
acknowledgment, flow control, and so on. These are well-
defined and sdf-contained functions, used to establish
communications to crete CSs AMs ae gedfic
implementetions for each AS, providing the desred AM
functiondity. An AS can be implemented by different AMs, as
in the example shown later in section 1V (Table 1). Findly, a
CSis a combination of ASs that work together to provide a
more complex service. CS logic needs to be specified in a
workflow (WF) to describe the compostion and execution
process of functiondities or ASs that could be offered by
different implementations (AMs).

The composition of ASs conssts of discovering, sdecting,
combining, and alocating those services to be executed aong
the path from a requester node (RN) to the end service node
(ESN) going through different intermediate nodes (IN9). In this
context, a composgtion process orchedtrated by the RN is
proposed with the aim to empower the requester’s control over
the communication establishment. The RN will therefore be
able to decide which discovered services bet meet its
requirements and preferences by centrdizing the process of
sarvice selection, composition, and alocation.

2. Service Discovery and Negotiation

Service discovery isthe process of identifying the nodes that
can providethe desred end service, aswel asthe ASsthat may
be required in the nodes of the communication path ranging
from the RN to the ESN. This phaseis divided into three steps
aswdl. Inthefirgt Sep, requester requirements are mapped out
to asarvice request. Secondly, the nodes that receive the query
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evauate whether they are able to provide the demanded sarvice.
Findly, context information is consulted to guarantee that the
sarvice can be provided under the required QoS parameters.
Traditiond Web service discovery mechaniams are focused on
enterprise communications and use heavy formats based on
XML. Pervasive computing SDPs do not provide a unique and
integrated solution gpplicable to a globd heterogeneous
network. We hereby propose using an innovative negatiation
protocol introducedin [4].

This negotiation protocol discovers a sarvice in the network,
taking into account specific requirements established by the
requester. In addition, it is Smple enough to work evenin smdl
and congdrained environments, such as ad hoc sensor networks
without infrastructure support. This negotiation protocol
integrates sarvice discovery and service dlocation. The service
discovery process condsts of searching the network for
svices under cetain  conditions, by means of a
communication request (Creg) message. To specify the criteria
that will guide the search, a semantic negotiation protocol is
proposed. This message should specify the requester’s service
requirements in terms of (a) network performance parameters,
(b) additiond congraints (for example, geogragphic requirements,
domain regtrictions, or attributes defined for certain services), and
(©) required functiondities. Moreover, a sarvice requirement is
defined by ether redrictive or nonredrictive parameters
Redtrictive parameters are those thet are completely necessary to
edablish a communication, wheress nonredrictive parameters
ae thoe tha ae not mandatory. Nonmandatory parameters
dlow for optimization of communication. Conddering the
indusion of sarvice requirements in the request, we propose the
following generic definition of a Creq messages

Creq = session_ID,End_Service_ Name,
QoS_ Requirements[i](min, max),
Context[j] (constraints, preferences),

AS[K](mandatory/optional), Effects, Resources, (1)
where QoS Requirementdi], Context[j], and ASKk]
correspond to ligts of QoS requirements, context parameters,
and AS atributes, respectivdy. Additiondly, effects can be
specified as desired high-leved features for the communication,
such as security or reliability. A resource of asarvice, such asa
film provided by a sreaming service, can be pecified as an
extrapaameter.

Using this type of request, information about the capabiilities
of nodes is discovered through the network. The default
operation performed in a node when receiving a request is to
evauate whether it can provide the service. If it can providethe
savice, the node answers with a communication response
(Cresp) message, which istransferred through the reverse path.

One important issue when propagating a service request isto
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limit the scope of the request so as not to flood the entire
network or propagate it indefinitely. Depending on the kind of
network, severad gpproaches can be adopted. In a network
without infragtructure support, such as an ad hoc sensor
network, a time-to-live counter can be st. In the evert, the
node that is unable to provide the end service propagates the
request to its neighbors until the requested service is found. A
dear benefit of performing this operation by each node is that
dynamic and frequent context changes can be faced. Moreover,
neighbors information can be exchanged by means of a
context exchange protocal that natifies the nodes in a network
of ther presence and gaus and of the known nodes. This
gpproach has the benefit of not requiring any infrastructure
support, but scalahility islimited to smdl environments due to
the flooding methodology used in our experiments. On the
other hand, if the network has infrastructure support, dedicated
entities (for example, digtributed directory nodes) can provide
the required infrastructure/sgnading services within a domain,
condgdering a doman as a st of nodes interconnected
according to any criteria, such as autonomous systems,
adminigtrative domain, geography, topology scope, and so on.
Furthermore, to obtain high scdability in sructured
environments, the measures proposed in [18] could be gpplied.

This work focuses on the operaion of the framework in a
sngle domain. To verify the scaability of the proposed
solution is a chdlenging issue that will be explored in future
work. A possble implementation would be to use domain
manager nodes in charge of reaying messages between
different adminigtrative domains and networks. These domain
managers could be in charge of cdculatiing the optima path
whilst considering different condraints. The main drawback is
the complexity of this problem (NP complete) [19]. However, a
near optima path could be computed, taking into account the
topol ogy, capacity, and context congraints by means of specific
heurigics. This agpproach is dmilar to compact routing
gpproaches[20], such asdretch-3[21].

In addition to this, it is remarkable thet the proposed solution
is agnodiic to the underlying technology, including networks
and devices, thanks to the methodology explained previoudy
and a wdl-defined service abdraction (Fig. 1). Furthermore,
the heterogeneity of the network can be addressed by checking
the consulting nodes capabilities, services, and resources,
owing to the availability of context information.

Typicdly, QoS requirements specified in the request depend
on dynamic conditions. Dynamism can be addressed by means
of reservation messages before establishing the communicetion
or thanks to admission control mechanisms. Then, what
happensif anode fals? Resource reservation isakey feature of
this gpproach when establishing the service, but it is not clear
which modd is the correct modd for service adaptation. The
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Fig. 2. Negotiation process.

dorage of dternaive compostions can be another
methodology to reduce the adaptetion time. Further study is
necessary to andyze where and when each solution is better
auited. For aninitid design, we consider four possible reections,
congdering the type of adaptation required:

Change an AM. Identify the mechanism that provokes the
falure and search for a mechanism that can fix the service
behavior and solve the problem.

Change the WF within a node. When a node is ungble to
find a possible swap of AMsthat fix the behavior of the sarvice,
it should find a change in its WF of ASs tha fulfill the
requirements once again. It must ensure that its outbound and
inbound interfaces with other nodes will not change, to avoid
the reconfiguration of other nodes.

Ddegate a WF to another node. When a node cannot find
a possible WF to provide the service achieving the demanded
requirements, it should demand other nodes if they are cgpable
of offering their WF or an equivaent one (a WF that provides
the same functiondities but with better behavior).

Recalculate the compodtion. Asalast option, if any one of
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the previous solutions can fix the problem, the RN isinformed,
and it initiates a new compogtion from scratch, taking into
account the updated context.

Following the service discovery process, we dso propose a
generic definition of a Cresp:

Cresg = Session_ID, Node[m](node_ID,
QoS_ Capabilitied[j], AS[k], AS[I]). @

The requester will receive N response messages that specify N
candidate paths. Each of them contains the identifiers of them
nodes of the path, with the QoS capabiilities, ASs, and AMsthet
esch node can offer. Nodeglm], QoSRequirementdi], ASK],
and AM[I] areligts of the corresponding parameters.

Findly, the lag message conddered in the negotiation
protocal isthe communication dlocation (Cal) message:

Call = Session_ID, Node[mj](Node IDWF), €)

which is used to specify to each node which ASs and AMs
must be executed. For this purpose, WHbased representetions
are ued. Nodglm] isalig of nodes in the end-to-end sdlected
path. Figure 2 shows the whole negotiation process.

3. Service Composition

To empower the requester’s control over the communication,
the RN orchedtrates the services. The requester will dways
choose among services that are discovered. The ASsthat meet
the requestor’s requirements will be sdlected. To do that, it is
important to have an expressve negotiation protocol, as
described before, to dlow the requested services to be matched
with the services availablein each node until the end service.

The information discovered in the network is organized in
graph gructures, in which the nodes of the greph arethe ASsor
AMs of each node. However, the Cresp obtained from the
discovery process can be directly mapped into a tree of
digointed branches, such asthe structure shown in Figure 3.

This work divides the composition process to cregte a CS
made up of four phases To solve the service compostion
process, we divide the process into the main subprocesses:
filtering, AM scoring, AS composition, and path sdection.

A. Filtering

This phase congds of filtering al received Cresp messages
according to the requirements specified by the RN. A range of
possible costs acceptable to the user can be sat up when
specifying acongdraint or apreferencein the Creq. Thesefilters
are represented by specific rules, which can be solved by
means of a condraint satisfaction problem method. The
filtering process is inherent in service discovery. However, a
secondary filtering phaseis gpplied on the requester Sde, once
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Fig. 3. AS composition process.

dl the Cresp messages are recaived, to vdidate thet dl QoS
requirements dong the end-to-end path are fulfilled.

B. AM Soring

During this phase, the AM that implements each AS is
sdected according to specific scoring functions. This score
congders different specific atributes rdated to the AS, such as
the QoS parameters that they can provide and the priorities of
the RN. For each AS, a st of possble AMs are scored and the
best one is sdected. In our prdiminary implementation, the
AM scoring condders eech AM as an isolated process,
regardless of the interconnected rdationships of the AMs. We
propose to use a generic weighting function (4) to score the
AMs wherein weights may vary depending on the preferences
introduced by requesters.

Score,y =A - atB- b+C- c+...+Weight, param,,. 4@

Heren, it is possble to define tradeoffs between different
parameters, such as the qudity provided by the network,
requirements, and the price of paying for a service. However,
scoring functions can be defined for eech AS to condder
specific requirements, as shown in [22], in which a score
metric for audiovisua content was proposed.

C. ASConpostion

Uaudly, an operation can be offered by different
combinations of ASs For ingance, a reliable service can be
provided by means of acknowledgment, error detection, and
rerangmisson functions or by applying forward error
correction. Depending on the combinations, the provided QoS
may vary. Thus, those best suited to satisfy the preferences of
the requestor will be chosen. Note that the RN compaoses the
savices per each node in the path (RN, INs, and ESN) and
generates the corresponding WFs. Conddering the described
architecture, once dl services are discovered, the RN should be
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able to create atree graph (Fig. 3) with al discovered sarvices
a each node Our solution evduaes firg the different
dependencies a each hop, as wdl as the input and output
atributes among ASs, and concatenates those that could be
executed within a node to satisfy acommunication god. Then,
the best branch of sarvices is sdected, and the find CS is
generated for each node. Depending on the level of granularity
in sarvice definition and the grade of accuracy when
composing a service, sarvice composition can be based on
secting predefined service compositions (for example,
manualy configured or caculated once and stored in specific
repodtories) or fully caculated conddering dl the possble
combinations, thus obtaining the best possble solution
available. Idedly, it would be necessary to find a tradeoff to
find a feasble solution in a reasonable time. In completely
predefined service compodtions, the path should be known
beforehand. Additionaly, compostion can be predefined only
a someleves. For example, if aprevioudy used link no longer
exigs but an equivdent link is found and its use does not
change the characterigtics of the communication, the same WF
can be reused, especidly in the case of edge nodes. Section 1V
describes the implementation of our initid proof of concept, for
which we use predefined sets of compositions to enable fast
svice invocation. Then, we use sarvice composgtion
dgorithms to observe the behavior of the sysem for more
accurate compodtions. This implementation of the service
composer component gpplies A* dgorithm [23] to search for
the best solution, taking into account the nodes with the best
score. Both in terms of computationd time and memory space,
A* has some scaability problems; thus, dternative dgorithms
implying tradeoffswill be andyzed in the future.

D. Path SHection

We consider paths as sequences of nodes containing
different ASs, which are capable of reaching the demanded
end sarvice from the RN. If acost redtriction specified by the
RN is a dake, it is necessary to discard any path with a
higher cost than the demanded restriction. When each nodeis
scored, the path is sdected using graph theory search
drategies to determine the most cogt-effective cost path or, in
this case, branch. Depending on the preferences of the
requester, the sdlected path can offer, for example, the best
tradeoff between different parameters. For instance, sdlection
could be based on the lowest delay path, the lowest cost per
tranamitted bit, or a tradeoff between both criteria by means
of aweighted scoring function.

IV. Enabling Fl Service Provisoning

With the proliferation of multimedia devices, users demand
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more audiovisua content. It is expected that by 2013, the sum
of dl forms of video will exceed 90% of the globa consumer
IP treffic [24]. Nowadays, Internet users are condstently
demanding high-qudity audiovisud services in a context in
which network and service providers are ill compeled to
troubleshoot current  technologica limitations to provide
optimized services and improve the QoE for users.

The man god of the proposed solution is to enable F
sarvice provisoning that meets QoS (for example, bandwidth,
dday, and jitter) and QoE requirements. Thus, it takes into
account requester needs and context information, including
network, device, and user festures. We show the main features
and benefits of this gpproach by describing a chalenging case
of multimedia use and how to provide inherent adapted
communications. Sarvice and content adaptation is an
extremdy important issue for multimedia communications,
especidly when it comes to the digribution of audiovisua
content in heterogeneous and dynamic networks, owing to the
strong requirements they present in terms of bandwidth, delay,
losses, device capahilities, and so on. To provide the best QoE
to users, QoS needs to be guaranteed, while systems must react
to dynamicd changes in the network. However, this
framework is designed nat only to meet QoS and QoE (such as
perceived video qudity in a dreaming communication)
requirements in the provisoning of advanced multimedia
sarvices but to do o in an efficient and transparent manne.

Imagine a user (U, who wants to wetch a film (F) online
from the sofa U, acoesses the network using a tablet device
supporting the following video codecs MPEG4, MPEG2, and
WMV. At home, U, usesWLAN 802.11g technology to access
the Internet. Then, the user subscribes to an xDSL line
(25 Mbps DL and 10 Mbps UL). This would be a basic
specification of the context of U,. Inthe network, there are four
different streaming sarvices avallable sarvice A (S), sarvice B
(S), sarvice C (), and sarvice D (). We assume that these
savices are placed in different ESNS, named N, Ny, N, and
Ng, respectively. These are candidate service providers for U,
asthey can offer the service that the user is asking for. Table 1
summarizes the available ASs and AMs on these nodes. For
the sake of darity in this use case, we assume that each node
(including INs) knows which services can provide. Thus, esch
node hasalocd repository with thisinformation.

As the first proof of concept, a scenario without
infrastructure support is considered. We consider this
dementary scenario to test it without externd support to store
information. Note that we are composing services not only at
application levd but dso a network leve in a deandate
manner, avoiding layered rigidities and usng network-leved
sarvices on demand. However, in future work, an gpproach
with a digributed globd directory will be undertaken. This
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Table 1. ASs and corresponding AMs supported by each ESN
providing streaming service.

Na Nb, N¢, Ng
AS AM
Data Tx tX_rx
Data Rx tX_rx
Data Fwd fifo, priority
Seq Incremental, temporal
ACK Ack, sack
Rext retx
Framing bit_oriented, byte oriented
MAC csmalcd
Error_Detection & Handling Parity, crc
Na Np N Ng
AS AM AS AM AS AM AS AM
MPEG-1
MPEG-2 WMV
Video |MPEG-4| Video | 3GP | Video |MPEG-4| Video |MPEG-2
coding | VCx | coding | MOV | coding [ FLV | coding |MPEG-4
WMV FLV
FLV
Audio | AAC [ Audio | AAC | Audio VA\\/:(\:/ Audio | WMA
coding | MP3 | coding| MP3 | coding VIS coding | MP3

gpproach will require the support of specific nodesto improve
svice and context information searches but will be
compatible with the negotigtion protocol to assure
interconnectivity between heterogeneous networks.

To get the film, U, sends a Creq to its neighbors, which is
propagated hop by hop. Each node evauates whether it can
provide the services requested under the desired conditions,
thet is in this case, the QoS parameters that the user requires.
At this point, each node gppliesthelogic presented in Fig. 3. S,
cannot be reached because the INsin path 1 (P1) make the path
unsuitable for the communication, as they introduce too much
dday. S,, S, and Scan be reached through path 2 (P2), pah 3
(P3), and path 4 (P4), respectively. Nodes from P2, P3, and P4
build a Cresp that goes back to the requester through the
reverse pah from S, S, and S, respectively. Once this stage
has been accomplished, the RN eva uates each received Cresp.
Thisis done by applying a service compasition agorithm, such
as the one proposed in subsection 111.3. Remember that this
dgorithm dlows usto play with al the possble combinations
of theavailable services.

Inapracticd scenario, amore scaable dgorithm achieving a
tradeoff between response time and accuracy of the resulting
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Fig. 4. Adapted multimedia communication use case.

solution would be used. In this case, U, can Hect S, if Uy
wants the offered service with the lowest dday. Regarding
coding compression, S is the best service. However, §; ranks
the best if conddering a tradeoff between energy consumption
(it usss a less demanding codec) and audiovisud qudity
(measured using objective [pesk sgnd-to-noise raio] and
subjective [mean opinion score] metrics). Findly, U, opts for
S because it meets the visudization preferences of U, and
makes better use of the life of the battery in comparison with
the previoudy tracked down services. As an example, MPEG-
2, which isthe video codec (AM) avalablein S, requires eight
times less the processing power for encoding and three times
less the processng power for decoding in comparison with
H264/AVC[25] (Fig. 4).

Once sarvices are sdected for eech node and WFs are
created, U, sends a Cdl message through the sdected path.
This message is the lad message defined in the basic
negatiation protocol, and its main god is to dlocae the
sarvices Thetotd time to consume a sarvice, that is, the time
spanning from the moment a service is demanded to the
moment dataisreceived, can be expressed asfollows

Tee= Taomp + (N-D) - (3 Top + Trwd + Tres) @)

where T represents the tota end-to-end time required. Ty IS
thetime required for AS sdlection, composition, path selection,
and, consequently, per node WF credtion. Tug IS the
propegation delay between two consecutive nodes (it is
multiplied by 3 because of the three-way handshake used). In
the depicted scenario, we assume a congtant time for each link.
Trwa IS the time required to decide whether a node can provide
the demanded end sarvice, Ty, i'S the time needed to write the
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Crep parameters offered by each node, and N represents the
total number of nodesin the scenario.

Using the proposed protocol, services can be discovered
whilgt evaluating context conditions hop by hop to guarantee
the required QoS. To achieve this, the discovery process
includes routing to the ESN, which is done on a per-hop CBR
bad s during the establishment of the end-to-end path. Thus, the
routing is undertaken consdering the context of the network
and available services.

This use case shows a network with homogeneous INs that
perform the same operations. However, the network could be
composed of different network nodes with different capabilities
and different services Service compostion and dlocation
specify which sarvices should be placed and executed a eech
node to obtain the best possible communication. Consequently,
a node with Wi-F and wired (for example, copper providing
xDSL access) interfaces can use different ASs, depending on
the context. An example would be to use congestion control
functiondities in the wired interface whilst avoiding them in
the Wi-F interface. This is possible thanks to the RBA-basd
decompogtion and the SOA-based compostion  of
functiondities, which alow the modulation of segments of the
network and the placement of services when and where needed.

1. Testbed

This subsection describes the proof-of-conoept implementation
of the proposed solution within the TARIFA project [26] and
some prdiminary results obtained when a context-awvare
sarvice searchinto aloca network isperformed.

Regarding the generated code, it is migrated from the
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Table 2. Detail of the size of generated code.

Name Storage size (bytes) | RAM (bytes)
Base code 1,194,204 116,180
Service composition & alocation 217,341 61,896
Search service engine 58,838 18,913
Congtraint-based routing 75,681 32,697
Tota 1,546,064 229,686

Table 3. Scenario specification (S1, S2, S3, 4).

Goals S1 2 3 A
Data transmission RN RN RN RN
Data forwarding IN IN IN IN
Data _reception ESN ESN ESN ESN
Decoding RN RN RN RN
Encoding ESN ESN ESN ESN
Security RN, ESN RN, ESN
Rdiability RN, ESN | RN, ESN

origind modules specified in [4], devdoped in a sysem on
chip (SoC) CC2430 [27] from a Texas Instruments platform.
Moreover, code is adgpted to run in a Linux-based desktop
computer to test the proposed solution in a more complex
network. Findly, we extend it with new modules (Teble 2). The
whole development requires 1.5 MB of totd memory space
and 229 KB of RAM, which is very low for the core
architecture and dlows us to run it in very smdl devices (for
example, sensors).

Inthistestbed (Fig. 4), atotd number of 13 nodesare used (1
RN, 4ESN, 8IN). All of them are Intd Pentium 4 540 (32 GHz,
1,024 KB L2 Cache) with 512 MB of RAM and the 32-bit OS
Ubuntu 11.04. All are connected usng severd network
interfaces configured in full-duplex 100-Mb/s Ethernet mode.

2. Reaults

The time required to establish an end-to-end communicaion
(Tee and the resource consumption of the process are
meesured. Concretely, different Creq messages, asking for
different requirements and network functiondities, are tested.
Table 3 spedifies the high-levdl communication gods for each
tes. In practice, these gods are associated with different
combinations of ASs, which can in turn be implemented by
different AMs As an example, imagine we have an encoding
god tha can be achieved through video coding and
audio_coding ASs. Each AS can then be provided by such an
AM asMPEG-1, MPEG-2, MP3, or WMA.
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Fig. 5. End-to-end time and composition time.

Regarding performance paramees, the average totd
consumption during the process of negotiation is RN 13%
CPU and 224.3 KB RAM, INs 5% CPU and 1134 KB RAM
and, findly, ESN 9% CPU and 192.3 KB RAM.

The time required to negotite the endto-end
communication (Tee) is shown in Fg. 5. Concretdy, we show
the reaullts for the longest path (P4) of our testbed. We specify
the time required to start a communication using two different
goproaches for sarvice compostion: (@) usng A* as an
exhaudive service compogtion dgorithm and (b) usng
predefined templ ates specifying the services offered by anode.

Note thet in our tests, Ty iS dmost negligible, as we use
dedicated links in a locd testbed. Trq iS condant, as each
involved node peforms alookup inits loca database of ASs,
andeechASisthesamesize

Regarding T, it is dightly different in the ESN than in the
IN because it must insart more data intothe Cresp (each node
insertsinformation about itsASs, AMs, and QoS capahilities).

The gathered resllts are prdiminary for the different
scenarios introduced in Table 3. The mogt representative vaue
is the time required to negotiate the services that will be used
(Teo), and the most influentid parameter is the compostion
time needed to decide which services to use (Teomp)
Compoasition can be avery demanding processif full flexibility
and the best possible solutions are required. Modly, its vaue
depends on the number of gods to successfully target and the
number of ASs and AMs supported by anode. As specified in
subsection 111.3, the proposed composition dgorithm must
cdculate dl the possble combinations between ASs to sdect
the bes one The more savices there are, the more
combinations must be caculated. For example, S3 is higher
than S2 because the complexity of the rules tha we use to
cdculate the rdiability god is higher than for security. In future
work, some techniques that improve this process will be
sudied. Once a composition is performed, the resulting WF of
sarvices could be dored for future reuse 0 as to avoid
cdculating dl the combinations of services again. Findly, note
that in the presented prototype, monitoring functions are not
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implemented. An efficent monitoring system that provides
context information is especidly important for the
development of this solution. In the future, we expect to use
specific monitoring mechanismsto obtain red context data.

V. Concluson and Future Work

This work proposed a deandae and service-oriented
framework that focuses on service combination and adaptation
to context conditions by means of service discovery and
sarvice composition. These processes are necessary to enable
F service provisoning in an adaptive manner, satisfying the
secific QOSQOE requirements demanded by users
Additiondly, it makes efficient use of network resources. To
achieve this routing functions are integrated into a service
discovery protocol that evaduaes context conditions hop-by-
hop when a communication is requested. We aso proposed a
sarvice negotiation protocol that enables us to find and to
compose servicesthat meet requesters requirementsefficiently.

In addition, we provided the man ddals of a fird
implementation of the proposed solution and discussed the
prdiminary results Moreover, the adoption of a sarvice-
oriented gpproach will dlow us to introduce the proposed
architecture gradudly over current infragtructures (such as
SaaS or |aaS approaches) while trying to extend the paradigm
to lower layers in the future to achieve a red diguptive
approach. The compodtion of basic network-level services
cdls for a deandate gpproach to the Internet, while the
composition of higher leved (trangport and gpplication) sarvices
prompts for an evolutionary approach. Moreover, this
achitecture would be the fird cdeandae deployment
completely digned with the current work being done by the
ISO/IEC JTCL/SC6/WG7 Future Network working group.

In future work, the authors will focus on andyzing and
testing scaahility issues from two mgor perspectives. We will
am, firdly, to provide redigdic and larger scenarios and,
secondly, to find compostion mechanisms that present
satisfactory tradeoffs between performance and response time
in different environments. Message format and semantics are
ds0 open issues that need to be explored to reduce the
overhead of the discovery protocol. Additiondly, the study of
reservaion mechaniams and their implications when services
are unavailable during the alocation phase will be required in
futurework.
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