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Abstract. In this paper, we propose the integration of services intiasmet-
works (SOAF - Service of a Friend) to leverage the creatiothefinternet of
Services vision. We show how to integrate services and harima a common
network structure and discuss design and implementatsoress In particular, we
discuss the required extensions to existing social netwockbulary with regard
to services. We illustrate a scenario where this netwotlctires can be applied
in the context of service discovery and highlight the bergéfé service-enriched
social network structure.

1 Introduction

The Internet of services [1] vision focuses on the extensibthe existing Internet
with regard to services. In a future Internet of servicefrimation is not static any
more, but dynamically provided by all kind of software sees. This development
was driven by the so-called Web 2.0 phenomena, which indulde broad adoption
of social networks like facebodk xing ? or twitter. Indeed, as Kleinberg observed in
his work [2], social and technical networks converge. Irstheetworks, user generated
content, like folksonomies [3], provides a vast source dbrimation that is able to
classify arbitrary content (e.g., del.icio.)sIn this area, the Friend of a Friend project
(FOAF) [4] aims at providing information about relationgbetween humans in social
network structures. FOAF describes relationship strestwith RDF [5], thus defining
the technical foundation to access information of sociangks in a machine readable
form.

Viewed from a business perspective, these developmenesdaavofound impact
on the way businesses are conducted. In his Wired articietstows how the idea of
crowdsourcing [6] can be applied to businesses. With regafd/eb) services, which
already provided by companies, and the integration of hsreto common networks,
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companies can benefit from these emerging network strigcttd@wever, with exist-
ing service-oriented infrastructures, this endeavor @sae be difficult to achieve. In
fact, SOA (service-oriented architecture) focuses onlstplncesses that are defined
and executed in workflow systems. The gap between SOA and Web ®idened by
the emerging end user driven creation of applications (m@sk/] and situational ap-
plications [8, 9]) which are playing an important part on theernet now and become
increasingly important for businesses.

One of the main reasons is that there is little support tayirate humans and ser-
vices into networks to benefit from social connections withiich network structures.
There exist approaches that support the integration of huactvities [10, 11] into
business processes. These approaches assume that theradg a workflow and that
there is repository that can be used to select the requirgites for a given workflow.
The associated service discovery process is well studiditenature [12]. However,
with the failure of centralized registries [13] and no Webvaze standard for the dis-
covery of Web services, the discovery process is fragmeateldcumbersome. This
leads to a situation in which Web service related infornmaigodistributed among sev-
eral isolated company registries, if this is the case aEalhecially smaller companies
hesitate to use registries, because of the overhead im/alvenaintaining dedicated
registries. In such cases, Web services are often publsghgdy by mailing customers
the necessary information about the endpoint of a Web senvienaintaining simple
catalogues with unstructured information of available \&etvices on company owned
web pages.

This practice hinders the creation of Web service markeggd§l4] where one can
discover Web services and learn from the experience of etheusing a particular Web
service. When investigating the process of Web serviceodey, one finds that the hu-
man factor is dominant in (semi-) automated approaches FLBthermore, structured
meta information in form of ontologies [16] suffers from theme limitations concern-
ing availability as centralized registries. Even with #able semantic information, the
process of discovering Web services requires human aesygince different semantic
service descriptions can be provided by different ont@egihese ontologies require
mappings which cannot be fully automated due to ambigudiesven contradictions
within their content [17].

In the context of Web service discovery, we can learn lesBonshumans and how
they look for solutions of problems. Humans exploit locdbimation and use links to
other persons to ask for pointers or for information wherdeele In short, humans ask
their friends whether they had a similar problem and how ttebdlem was solved. In
our work, we aim to make use of human relations together véthise information.
We link software services and humans in a common networktsire. We refer to this
approach aService of a Friend (SOAF) and follow the spirit of FOAF. We believe that
the integration of humans and services into networks fester creation of Web service
ecosystems [18]. Our approach bears several challenges¢hare going to address
in this paper. First of all, we need a representation of thkslibetween services and
humans. Secondly, dynamic changes must be represented iretwork, since there
are relations that exist only over a certain time (e.g.,gutg may require collaboration
for several months). And finally, we need to consider that paations provide useful



information for potential future use (e.g., a service thaswseful for certain tasks in
the past may be again useful for new tasks of different users)

The rest of the paper is organized as follows. We discuss gumoach in Section
2. We provide an analysis and discussion of our findings ini@e8. Afterwards, we
introduce our prototype architecture in Section 4. We aadelour paper with related
work in Section 5 and an outlook for future research diredim Section 6.

2 Linking Web Services

Due to distributed nature of services and the lack of cem&rdrepositories to search for
services, we require meta information that provides infation about the connections
(links) between services in service networks (see Figur@hgse network structures
originate for instance from organizational structures @hpanies or social networks
which model social connections between humans. Thus, &nkistheir associated in-
formation are very critical for the traversal of networkf@éntly and to facilitate the
discovery of distributed services. Therefore, we incluggarinformation into links to
make the traversal more efficient. Furthermore, as the djekeetween elements of net-
works is constantly changing, we consider dynamic aspdctiseorelations between
services, organizations and humans as well. These areatiat@hd may change over
time. For instance, a person might move from one organizéti@another or the service
provision might depend on the duration of a project (e.genéwotification services).
Our approach takes these considerations into account ardisexss our concept in
detail in the following sub-sections.
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Fig. 1. Overview of SOAF network structure

2.1 Extending FOAF

The integration of services and humans in a common infoonatetwork requires the
integration of existing social network structures and mervelated information. Our



idea is to augment FOAF network structures with servicetedlanformation and to
link services and humans in the same network. In particwargextend the relation
mechanisms of FOAF to model relations between services arsbps. In SOAF we
extend the FOAF concepts with a @rvice concept to represent services, a (s
relation which denotes the use of a service by a person or streices (jiii)) and a
provides relation that specifies the relation between service penathd service. With
these extensions, we can establish relations betweemsessyvices and organization-
s/groups. We summarize the relations in Table 1.

Table 1. Relations between SOAF entities

Relation Description

Service uses service Denotes direct service invocationt®r gervices. For instance, in
service compositions, a service might call another semii@tly

Service knows service Denotes that two services are releitadth a certain context (e.g.,
workflows, compositions or mashups) without any direct aatmn
of each other

Person uses service Denotes the service use of a person

Person knows service Denotes mutual knowledge of a sermit@ @person without usage

Person provides service Denotes the service provision ®rsop, e.g., a human provided
service

Organization  provide®efines the relation between organizations and their pealvigkr-

service vices

2.2 Dynamic SOAF

As discussed before, we model three basic relations betergéies in a SOAF network
(i) knows, (ii) uses and (iii) provides. The latter two im@ytomatically knows, since
it is required to know a service before it can be offered orstomed.Knows, uses
andprovides are pairwise related through a simple subset relatioss is a subset of
knows, since it is required to know a service before a service candeel. Besides,
persons/organizations might know more services than tbiyally use. Theprovides
relation is also a subset of the knows relation, since a gesvknows obviously the
services that are provided and knows/uses additionalcssvi

Viewed from a time based perspective, elements oktloavs/uses/provides sets are
subject to changes. For instance, a service might move fnerdknbws set to theuses
set and vice versa. Consequently, we allow to have multiplesIto a single service
from a person at any point in time. For instance, as soon asviceds used by a
person, aisesrelation is created. If the service is not used anymore, g service was
used for registration purposes or the access has been teddukdo company changes,
etc.) theuses relation is not valid any more and its internal state and sta@p are set
accordingly. Thus the service moves to kmews set.
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Notice that theknowsrelation is static: once a person knows another persori¢sgrv
the relation remains - it is not removed anymore. Howeveh sgrvices we have to pay
attention to the fact that a service does simply not existranye. In these cases, the
knows relation points to an inactive services that have been usttkipast.

An aspect that needs explicitly to be considered is the typervice usage. We
identified several types of service usage that we includeiimwdel. We use this kind
of information to generate accurate historical informatim particular we consider the
usage frequency of a service and classify the usage as suzedhar Table 2.

Table 2. Service usage in SOAF

Usage Description

Once The service is only used once and then never again dherigetime of
the service (e.g.,a registration/unregistration seriiecesed to subscribe
to a mailinglist, a polling service might exist only beforeertain event
takes place, etc.).

Continuously withThe service is used for a certain activity during a pre deftirad and is

pre-defined time teemoved afterwards (e.g., a service that provides stabentation about

live persons in a project).

Continuously The service is used continuously withoutt&tidons concerning the time
of use and frequency.

Complementary to the use of services is their provisiorviBerprovision changes
also over the time, but is generally less dynamic tharutlesrelation. In particular we
consider three distinct service provision scenarios treasapported by our model (see
Table 3).

Table 3. Service provision in SOAF

Usage Description

Continuously withThe service is provided for a certain activity during a prérdl time
pre-defined time t@nd is removed afterwards (e.g., a service that providés ist@rmation
live about persons in a project).

Continuously The service is provided continuously withiimitations concerning the
time of use and frequency. This includes the case when acges/used
only once for registration purposes, but neverthelessgsired by dif-
ferent customers to register and thus must be availabléncaonisly.

Deprecated The service is still available but not activeimtained,

Of central importance for the representation of the netwdgrkamics is the connec-
tion between entities in the SOAF network. We include add#i meta information in
the linkage of SOAF entities that is important for managernpemposes (e.g., creation
and deprecation) (see Table 4).



Table 4. SOAF Connection attributes

Attribute Description

Creation Date, on which the connection between the entitéssestablished
Removal Date on which the connection was removed

Active  Flag that indicates if a connection is currently eeti

Type Defines the type of connection, eitluses, provides or knows

2.3 Managing SOAF service networks

The management of dynamic aspects of distributed netwergsmplex task. The first
challenge is to identify a resource in a network in a uniquamea In our approach, we
follow the concept of "inverse functional properties” fradWL [19]. We use a func-
tional property that defines the URI of a person, an orgaioizatr a service. Services
include a functional property that points to the endpoirthefservice as well.

Since we do not intend to define a centralized authority trertages available in-
formation, we have to rely on all network members to managé timks and to keep
the links updated. Still, there is no guarantee that thisgse works without disrup-
tion, since this process relies partially on the inten@mibf humans. However, since
links between entities in the SOAF network imply a certaigrée reciprocal agreement
(knows relation,uses relation) we support this by including Atom feed based [26] n
tification mechanisms. This is an extension to our previoasgkwen service evolution
management (SEMF) [21] that is able to manage distributesrimation of services
that change during their life-cycle. Like SEMF, SOAF suppar set of events that can
be subscribed to and that can be accessed as Atom feeds fde&)la

Table5. SOAF events

Event Description

Registration This event describes the creation of a new S&#iEy in the SOAF network. This
event is generated upon the creation of a service, a persmmanganization

Change This event describes changes of SOAF entities

Removal  This event is generated upon the removal of a SOA#y ent

Connection This events is generated if a new connectiondmtviwo SOAF entities is estab-
lished

ServicePublication, ServiceRemoval Service publicationin SOAF is done locally. A
service provider updates its SOAF description with newisessthat are offered. Since
we do not have a central entity that is used for service negish, we do not require
service providers to actively contact a registry and previdormation. Other SOAF
network members that are registered for service publinai@nts receive correspond-
ing notifications, i.e., a registration event that contaiesvice related information. If



a network member is interested in this newly registerediserthe network member
contacts the service after having received the registratient and asks for the service
profile. The protocol is shown in Figure 2.
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Fig. 2. SOAF publication information protocol

The removal of existing service is closely related to thelisabion process. To
remove a service the provider deletes the service infoondtom its local SOAF de-
scription. The propagation of the update follows the santiepaas the publication with
regard to the propagation of changes. Upon service remitnaprovider obtains a list
of all service users. Then, the provider checks its subadr®OAF network members
and informs all service users and the subscribed networklbraesrabout the service
removal with a removal event (see Figure 3).

It it worth noticing that from a conceptual point of view, SBAloes not limit this
approach to humans. Since we envision services as part oktherk, and thus pro-
viding well formed information, we can extend the notificatito services as well.

2.4 Extending the FOAF datamodel

In this section, we discuss the extensions of the FOAF datéehwaith regard to SOAF
concepts. Notice that the mapping is not limited to FOAF irtipalar, other represen-
tations of SOAF concepts are also possible. An alternativédcbe the use of XML
structures that are linked with XLink constructs [22]. Hawg since FOAF has gained
considerable adoption [23] [24] we have decided to integoatr prototype data model
into the FOAF data model. SOAF requires new concepts to bedatidthe main FOAF



SOAF Person SOAF Person AF Service

| |
| SOAF remove request |

check service

Service user list :
user list

remove SOAF
Service profile

check local <

subscriptions

remove SOAF
Service profile

[Service match]
SOAF remove request

™
|
|
Fig. 3. SOAF removal protocol

data model with regard to the needs of services. We inclugeSar{ice class to repre-
sent services that inherits from Agent, a (iges relation which is similar to th&nows
relation, but provides additional information, (iii) @ovides relation that defines the
connection between service providers (which may be orgdinizs, persons, teams,
virtual teams), and (iv) a dedicat&bnnection class (which also inherits from Agent)
that encapsulates the connection between services, gandrorganizations (see Fig-
ure 4).

Agent
Provider Service Person
N 4
knows/provides ~ e knows/uses
N e
A Connection

Fig.4. An implementation moel of the SOAF network structure

SOAF Service class We model service related information in the SOAF servicesla
In our prototype data model, we provide a basic set of inféionathat defines the



capabilities service. The SOAF service class offers infidiam about the endpoint of
the service, the interface description, version infororatetc. (see Listing 1.1).

<soaf:Service
<foaf:name-SOAFex/foaf:name-
<soaf:endpoint...</soaf:endpoint
<soaf:descriptiopSOAF Service Profiles Generatafsoaf:descriptiop
<soaf:interface rdf:resourcé=.." />
<soaf:active-true</soaf:active
<soaf:version-1.0</soaf:versiop

</soaf:Service

Listing 1.1. SOAF service class example snippet

SOAF Connection class The introduction of the connection class addresses thermajo
shortcoming of FOAF with regard to connections betweengersnd services. In our
data model, we need to attach additional attributes to aexiion like creation date,
state of the connection, etc. FOAF useslthews relation to connect persons and this
relation does not support additional attributes to furttedine the type of connection.
Thus, we modeled connection class as a subclass aigdre class. This allows us to
seamlessly integrate SOAF connections usingkttevs relation as bridge to FOAF.
The connection class acts as a container for the conneotiovekn persons and ser-
vices (see Listing 1.2).

<foaf:knows>
<soaf:Connection
<soaf:establishedJanuary 23rd 2009/ soaf:establishex
<soaf:active-true</soaf:active
<soaf:connectiontypeContinuous</soaf:connectiontype
<soaf:uses
<soaf:Service
<foaf:name-SOAFex/foaf:name>

</soaf:Service
<l/soaf:uses
</soaf:Connectiox
<soaf:Connection
<soaf:establishedDecember 1st 2008 soaf:establishex
<soaf:discontinuedDecember 21st 208& soaf:discontinuex
<soaf:active-false</soaf:active
<soaf:connectiontypeContinuous</soaf:connectiontype
<soaf:uses
<soaf:Service
<foaf:name-SOAFReporte«/foaf:name>

</soaf:Service
</soaf:uses
</soaf:Connection
</foaf:knows>

Listing 1.2. SOAF connection class example snippet

SOAF usesrelation Theuses relation is encapsulated in the SOAF connection class
and denotes the service usage of persons, providers aridesefsee Listing 1.3 for an
example of theusesrelation).



<foaf:knows>
<soaf:Connection
<soaf:establishedJanuary 23rd 2009/ soaf:established
<soaf:active-true</soaf:active
<soaf:connectiontypeContinuous</soaf:connectiontype
<soaf:uses
<soaf:Service...</soaf:Service
<l/soaf:uses
</soaf:Connection
</foaf:knows>

Listing 1.3. SOAF uses example shippet

SOAF providesrelation Like the uses relation, theprovides relation is encapsulated

in the connection class. Threovides relation describes connections between providers
and their services where every connection models the poomid a service (see Listing
1.4).

<foaf:knows>
<soaf:Connection
<soaf:establishedJanuary 23rd 2009/ soaf:establishex
<soaf:active-true</soaf:active
<soaf:deprecationdateJuly 23rd 2009/soaf:deprecationdate-
<soaf:connectiontypeContinuous</soaf:connectiontype
<soaf:provides
<soaf:Service ... </soaf:Service
<l/soaf:provides
</soaf:Connection
</foaf:knows>

Listing 1.4. SOAF provides example snippet

3 Discussion

One of the major benefits of the SOAF network is that we are @abdeeate a dynamic
ecosystem of services from a bottom up approach. In paaticaince we integrate
humans and services alike, we can track relations betwdtaratit stakeholders of
Web services [25]. For instance, a service developer mighgrate different services
into a new service by wiring the respective service invaretin the code of the service.
By storing such information into SOAF networks, we provid®rmation about service
dependencies and input for creating dependency graphsvides

Another important aspect is to consider historical infotiorain SOAF which are
particular interest for service mashups. These are crdated certain purpose, and
this kind of information is reflected by connections of diffet services and persons
that used this particular service mashup. Depending ontoeiat of meta information
provided, we provide the ability to search in SOAF netwoksexamples of mashups
that solved particular problems. These examples can beedi@s best practices and
thus serve as blueprint for the creation of other mashups.

Related to historical information is the aspect of networiletion. With the data
provided by SOAF, we can observe the development of netwonkections (ses,
knows, provides relation) and study the general dynamics of the service ordtwor



instance, we can establish the number of services that tireedetwork during a cer-
tain period of time or how many services where removed, etater example is the
creation of metrics that define the attractiveness of sesvior other members of the
SOAF network, based on the data SOAF provides.

As "side-effect” in SOAF, we can observe emerging clustémgail connected ser-
vices and persons. This allows us to foster communities ioteim up manner from
existing connections between services and persons. Inasbimd existing Web service
community approaches, we follow the social aspect morest@nd do not pre-define
the community functionality. We are aware that a social epph brings a certain degree
of fuzziness. Furthermore, it is difficult to obtain the aadéfunctionality of communi-
ties, since some services might overlap in their functibynadtspecially when limited
information is available (e.g., WSDL descriptions), a cl@@scription in terms of over-
all community functionality might not be feasible. Howeveven with fuzzy informa-
tion, we are able to define a set of core functions that arew#hith a community since
through the community structure we know which services tlhgeighest connection
and usage rates.

SOAF also supportsocial based service discovery which is the translation of hu-
man search activities into a service discovery procesdluRirate our approach, con-
sider the following example. Company A needs a service #edlilie to provide informa-
tion of public holidays in european countries, for a projeeteting planning purposes.
Traditionally, an employee of company A would search a putdgistry or search en-
gine® for a service that is able to fulfill this requirements. If mresponding service
can be found, the search is repeated after a while in ordendosfiservice and even-
tually a service may be found (we assume, that such a serxists én reality and is
published during the time the employee searches for it).

When we transform the discovery example from above to a koetevork oriented
approach, person A would ask another person B (colleaguevirork or friend) if s/he
knows a holiday information service. If this is not the casen person A could ask
person B if person B either knows another person that in tauldcbe asked or if s/he
hears from such a service to inform person A about the serVitis approach is also
known as epidemic protocol [26]. The discovery process wesam in SOAF mimics
the process that we described above. First of all, we assum&OAF provides a link
between person A and person B. Furthermore, Person B hagcioms to services
and persons s/he knows and/or uses. By following our examphson A browses all
services that person B knows and learns that none of thecesriknown by B is able
to provide the required functionality. In this case, pergoregisters to a feed person
B provides in order to get a natification if person B finds a &mnor if person B is
linked with a service of the required functionality. Sinarieously, person A can do the
same with other persons in the network and thus distrib@ealibcovery among other
network participants by following links.

6 seekda.com, strikeiron.com, xmethods.net



4 Prototype

We base our prototype on the distributed architecture ofipps work [21] and extends
it with the required functionality to model SOAF networkautrototype uses a XML
databasé to persist SOAF related information, which we organizerimady in sev-
eral different collections (see Table 6). We use XQuery esgions to generate SOAF

profiles from the persisted data

Table 6. SOAF collections in the XML Database backend

Collection  Description

Service Stores service related information (e.g., endplaiik to interface description, etc.)

Person Stores all person relevant data (e.g., name, suretere
Connection Stores connection information (e.g., knowssugrovides, etc.)

Organization Contains information about organizationg.(@ame, address, etc.)

reads/writes

register Evi

request Service

add/remove Service
add/remove Connection

reads reads

¢ ¢ generates 1

Request Feed Reply Feed Change Feed
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Fig. 5. SOAF prototype framework overview
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Our prototype provides the basic functionality (impleneeshas REST-based Web
services) to manage SOAF data. In order to provide accesgetts our prototype
generates Atom feeds from SOAF data. We organize the evettisde separate feeds
as shown in Figure 4. For analytical purposes and to coerelatnts, we foresee links
between different entries of the feeds.

5 Redated Work

From a technical perspective, our approach have siméaritiith the Web Service In-
trospection Language [27]. Like WSIL, SOAF also provide®atainer to store Web
service related data and supports the linking of servicéis @dch other. In contrast to
WSIL, SOAF extends the service linkage towards social ndtgithat is not provided
by WSIL itself and integrates humans and services into a commetwork.

Semantic Web service communities as introduced by [28] atreating communi-
ties of Web services. However, the aforementioned apprizacises on issues like ser-
vice replaceability and how semantic descriptions of comities can be created. We
consider our approach at the other end of the spectrum, Si®&d- follows a bottom
up approach and doesn’t require ontologies to define théataiservice functionality.
Moreover, we explicitly consider humans and services addurental part of a network
and integrate social structures into of service networks.

The work of Basole and Rouse [29] is related to our work in gan&alue Net-
works [30] are of interest when business aspects are studiedhe value that can be
generated by such networks. This is of particular interdstmwe use our approach to
structure available information of humans and service$udher analysis with regard
to businesses.

Mandelli [31] studies self-organizational aspects tha af importance for our
work, since we consider SOAF as environment where we carstigate emergent
structures. What distinguishes our approach is the teahfocus of our work since
we aim to augment existing social networks with service dpsons that we consider
this as foundation for the integration of services in a fatinternet of Services [32].

Throughout our work, we utilize concepts that originatarfroonnector oriented
architectures [33]. In particular, we borrow the conceptarinectors to model connec-
tions between services and humans in SOAF networks. Fuartire; we also consider
dynamic aspects of connections between entities in SOAKanks. With respect to
changes, we refer to software evolution which has beenesiusi software architec-
ture level [34] and evolution languages have been propasenbtiel software architec-
ture changes. While conceptually similar, our focus liestenbasic support for change
mechanisms.

6 FutureWork

In this paper, we have presented SOAF (Service of a Frierfdhintegrates humans
and services into a common network structure. We have shdwedto model hu-
mans and services by extending FOAF and providing a commianndadel. In future



work, we are going to analyze scalability issues in our psagdcSOAF network struc-
ture. Since we consider humans in the loop we require a stinolenodel to estimate
the human impact in such networks (e.g., during search@igkely related are human
provided services [35] which we are going to investigatéadontext of SOAF. In par-
ticular we are going to study dynamic aspects like qualityesf/ice of human provided
services and how to address these issues in SOAF.

Furthermore, we are going to investigate how to generagetaretworks from ex-
isting data. In order to obtain simulation data, we are gaingrawl social networks
and to address the important question how to bootstrap S@#&kanks from this data.
With simulations of larger SOAF networks we are going to gtedolutionary aspects
of social service networks. Of particular interest is thedgtof concepts like service
fithness in simulations of SOAF networks and the impact aigly&fitness changes in
such networks.
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