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TOWARDS INTELLIGENT MANUFACTURING:
EQUIPPING SOA-BASED ARCHITECTURES
WITH ADVANCED SLM SERVICES
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HA3YCTPIY IHTEJIEKTYAJIBHOMY BUPOFHULITBY SOA-FA30BAHE
YCTATKYBAHHA I3 TUMYACOBUMU CUCTEMAMH SLM

[lepenOavenHsi 3aCHOBaHMX Ha 3HAHHAX 1 MITYYHOMY 1HTEIEKTI BUPOOHHMYUX CHUCTEM BUKIIH-
Ka€ PO3BUTOK CUCTEMHHUX CTPYKTYP, SIKI MOXKYThb THYYKO YNPaBIATH 1HPOpMaLIHHUMH [OTO-
KaMU B TMapajiesisix CIUJIBbHO MPAIfOI0YNX BHPOOHHYMX CHUCTEM 1 3abe3medyBaTH HeoOXimHe
00cCIyroByBaHHs Ui MIATPUMKH BUKOHAHHS BHUPOOHHUYHMX IpoleciB. JliloBa KOH'IOHKTYpA,
II0 TOCTIHHO 3MIHIOETHCS, 1 HECTaOIbHI clieHapii 1ii BAPOOHUYNX KOMITaHii CHOHYKYIOTh iX
JI0 TIOCTiHOI TOTOBHOCTI a/IanTyBaTH BUPOOHMYI MPOLIECH W BUPOOHUYI CHCTEMHU JIO HOBUX
YMOB. Y TakoMy KOHTEKCTI HEOOXiJHa THy4Yka 1H(pacTpykTypa, L0 MIATPUMYE IOBHY
IHTErpaLio MPOLECiB 1 MPUCTOCOBaHA 10 IXHBOro 0OciayroByBaHHs. CTaTTs MpeacTaBIIsie
CEeMaHTHYHI OCHOBM IHHOBAIIfHOTO MiAXOMy A0 OOCIYrOBYBaHHS, IO HAJa€ MOXIHMBICTH
aJIalITUBHOTO  KEepYBaHHS EKCIUTyaTallilHUMHM pecypcaMH B  IHTETPOBAaHMX paMKax
00CIYrOBYIOUUX CTPYKTYD.

KirouoBi croBa: BUpOOHULITBO, iH(pOpMallis, CTPYKTypa 00CITyroByBaHHS

[IpenBocxuilleHHe  OCHOBAHHBIX  Ha  3HAHUAX WM UCKYCCTBEHHOM  HMHTEIUIEKTE
MIPOU3BOJICTBEHHBIX CHCTEM BBI3BIBAET PA3BUTHE CUCTEMHBIX CTPYKTYpP, KOTOpPBIE MOTYT
THOKO yMpaBisATh MHPOPMAIMOHHBIMH MOTOKAMHU B TAapauIeNisiX COBMECTHO pabOTaroIInX
MIPOM3BOJICTBEHHBIX CUCTEM U 00ECIeYynBaTh HEOOXOAMMOE OOCITYyKMBAHUE ISl TOICPIKKH
BBINIOJIHEHUS] MPOU3BOJCTBEHHBIX TmpoueccoB. [locTossHHO u3MeHsomascs  AeloBas
KOHBIOHKTYpa U HECTaOWIbHBIE CIIEHAPUH JEHCTBUSI TPOU3BOJCTBEHHBIX KOMITAHHM
noOyKJAI0T MX K MOCTOSHHOW TOTOBHOCTH a/allTUPOBATh MPOU3BOJCTBEHHBIE MPOIECCH U
MIPOU3BOJICTBEHHBIE CUCTEMBI K HOBBIM YCIOBUSIM. B TakoM KOHTEKCTEe HEOOXOIuMa TruOKas
uH(ppacCTpyKTypa, KOTOpas TMOJACPKUBACT TMOJHYI0  HWHTETpAIMI0  TMPOIECCOB U
npucnoco0eHa K ux o0ciaykuBaHuto. CTaThsi PEJICTABIIAET CEMAHTHUYECKHUE OCHOBBI MHHO-
BaIl[MOHHOTO TOJAX0Ja K OOCITYXHUBAaHUIO, MPEIOCTABISIONIETO BO3MOXKHOCThH aJIallTUBHOTO
YIIPaBJICHUS IKCILTyaTaAIIMOHHBIMUA PECYPCaMU B HHTETPUPOBAHHBIX paMKaX 0OCITYKHUBAIOIIIUX
CTPYKTYD.

KiroueBsie cioBa: mpou3BOACTBO, HH(OpMaIUs, 00CTyKUBAIOIIask CTPYKTypa

The vision of knowledge-based and intelligent manufacturing systems is driving the devel-
opment of system architectures, which can seamlessly manage information flows across mul-
tiple heterogeneous manufacturing systems and provide the necessary services to support the
execution of production processes. Constantly changing business conditions and turbulent
scenarios force manufacturing companies to continuously adapt their business processes and
manufacturing systems. In such a context, a flexible infrastructure that supports the full inte-
gration of processes and adapts its services is needed. This paper presents an innovative se-
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mantic service framework that enables the adoption of service lifecycle management (SLM)
in an SOAbased integration framework.
Keywords: Manufacturing, Information, Service-oriented Architecture

1 INTRODUCTION

Current manufacturing faces constantly changing business conditions and
turbulent scenarios that require business processes to be continuously adapted.
The vision of adaptive, knowledge-based and intelligent manufacturing focuses
on agility and anticipation to permit flexible production through the integration
of intelligent systems and processes [1]. Under these circumstances of conti-
nuous change and adaption, the implementation of flexible IT infrastructures
that enable the full integration of processes becomes a fundamental requirement
in current adaptive manufacturing. The usage of standards and modular system
architectures is a key aspect to transform the principles of adaptability and pro-
vide adaptive information management in manufacturing environments.

The principles of reusability and loosely-coupled services have made Ser-
vice-oriented Architecture (SOA) the most used paradigm for software design at
the business level. The penetration of SOA in different manufacturing domains
can be best observed at the current servicebased solutions for Enterprise Re-
source Planning (ERP) and Supply Chain Management (SCM). In addition to
this, the presence of SOA in Business Process Management (BPM) and integra-
tion is rapidly growing. For companies that have focused on internal SOA dep-
loyments, the leading investment has been application, process and data integra-
tion [2], also known as Enterprise Application Integration (EAI). Nowadays, the
Enterprise Service Bus (ESB) is one of the leading concepts in EAI. An ESB
acts as the backbone of SOA in event-driven enterprises by providing the foun-
dation of a loosely coupled, highly distributed integration network [3]. However,
this technology alone is not enough to support the adaptive information services
needed in responsive manufacturing environments because of the constant need
for adaptation of services. In order to accommodate an EAI infrastructure to a
continuous adaptation of the business processes, enterprises need to integrate
appropriate Service Lifecycle Management (SLM).

EAI process models following a SOA-based approach, as in current BPM
modeling tools, are executed on an ESB, which acts as integration middleware.
The configuration of the service bus must be continuously adapted to the
changes of EAI processes, or EAI process fragments. In a SOA, process frag-
ments are referred to as services. An integration middleware for adaptive manu-
facturing needs to incorporate techniques to dynamically reconfigure processes,
discover and select suitable services by automated means. These aspects are es-
sential to support EAI process modelers and are among the major research chal-
lenges in SLM and SOA governance [4].
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The Manufacturing Service Bus (MSB) is a SOA-based approach that ex-
tends the Enterprise Service Bus capabilities in three areas: event management,
factory context and change propagation workflows. The MSB enables loose
coupling between service requesters and providers by brokering requests be-
tween them. However, a service bus is not aware of the semantics of informa-
tion. This fact hinders this integration platform from adopting self-
reconfiguration processes, automated discovery of services and dynamic service
compositions, which can support business process modelers.

In this paper, we present a semantic service framework as an MSB en-
hancement that enables the automation of service discovery and dynamic
process reconfiguration through semantic annotations. This extension will per-
mit to support EAI process modeling tools, thus optimizing the reconfiguration
of processes. Moreover, the presented MSB semantic extension provides the
means to adapt the MSB execution infrastructure to changing EAI process mod-
els. Our contribution enables the adoption of SLM in an SOA-based integration
framework, which will increase the level of automation that is needed in adap-
tive manufacturing.

In the next section, the service-oriented architecture paradigm is explained
along with the current research challenges in SLM. In Section 3, the MSB archi-
tecture is described. The semantic service framework and its adoption in the
MSB as SLM enhancement are presented in Section 4 and 5, respectively. Re-
lated Work is detailed in Section 6 and finally, our conclusions and outlook are
given in Section 7.

2 SERVICE LIFECYCLE MANAGEMENT

2.1 Service-oriented architecture

SOA is a paradigm of designing business applications by using — or reus-
ing —self-contained, independent and discoverable services. Two of the distin-
guishing principles of SOA are reusability of existing assets and loose coupling
of services.

SOA can empower a business with a flexible infrastructure and processing
environment by provisioning independent, reusable automated business
processes as services [4]. The challenge of integration, the cost of managing IT
and the inflexibility to respond to changing requirements are the decisive rea-
sons why most organizations adopt SOA.

Web services represent a common implementation of SOA and part of
their success of their adoption is due to the standardization efforts made in de-
scribing service interfaces and messaging. These standards support SOAs to fol-
low the “find, bind, invoke” paradigm, where a service provider publishes its
service description in a service registry in order for a service consumer to find it,
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and then invoke the service through a request/reply mechanism. This communi-
cation keystone for web services is known as web service discovery.

Despite the success of web services, identifying reusable services and in-
tegrating them as process fragments in executable business processes is not tri-
vial. Here, it is crucial for industries with a high level of service reusability, self-
reconfiguration and automation to have a service lifecycle vision and a service
management in their integration platforms.

2.2 Service lifecycle

A service lifecycle is defined by a series of stages through which an IT
service passes during its lifetime. In SOAbased architectures, there is typically a
loop that represents the reuse of services in different business processes and its
adaption to different business requirements (see Figure 1). In the pre-design
phases, services are planned. In the planning phase, an analysis of the require-
ments takes place, followed by the identification of possible reusable services.
In the design phase, the appropriate service granularity is determined, as well as
security, performance and quality of service (QoS) aspects.

{Re-)Design

Integrate
and Publish

-~

—

Figure 1 — Service 'Lifecycle

A service repository with possible reusable, process fragments as well as
BPM tools may be used to support the design process. After the design phase,
the service is encapsulated and the service configuration is set in the so-called
integrate and publish phase. In this phase, the service is also published on a ser-
vice registry for other services to discover. Additionally, it may be marked as
reusable process fragment, depending on its occurrence metrics, business do-
main and business function. After the service is published, then it is deployed
and possibly integrated in other processes. Once a service is deployed, the ser-
vice begins the execution phase, where a service is operative. Then, in the eval-
uation phase, service interactions and performance metrics are logged for further
analysis in a future re-design phase.
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2.3 Enabling SOA governance

In order to address these challenges and ensure the success of a SOA-
based approach, services are managed according to specific service lifecycle
guidelines and implementation methods, which define the SOA governance of a
company.

The adoption of SOA in a company involves not only the operational as-
pects of the services lifecycle management, but also, the management of service
design policies, reusability guidelines, service change policies, Service Level
Agreements (SLA) and, most important, effectiveness measurement methods.
These play a very important role and represent the feedback loop within the
SOA governance mechanism of a company. With the proper policy enforcement
infrastructure and monitoring system in place, service performance metrics can
be contrasted with the specified SLAs. Monitoring is the opportunity for a busi-
ness to refine its services, start a new service cycle, guarantee SLAs and truly
ensure the effectiveness of SOA.

3 SERVICE LIFECYCLE IN MANUFACTURING

3.1 SOA in event-driven manufacturing

Manufacturing environments present an extremely heterogeneous land-
scape of equipment and production systems. Applications that exchange produc-
tion data, communicate with each other following an event-driven pattern. Most
interchanged messages are based on some kind of event, alarm or notification,
which is due to the nature of production processes. Events are associated with an
event emitter and one or more event consumers. In the event emitter, a signifi-
cant change of state takes place, which generates an event. This generated event
is then propagated to the event consumers, which react to the event according to
a predetermined procedure or internal, fixed rules. The architecture paradigm for
this type of event-centralized communication and integration of systems is
known as Event-driven Architecture (EDA) and it is widely adopted in manufac-
turing environments. Typically an EDA infrastructure enables the detection,
propagation and processing of events.

At the business level, manufacturing companies have adapted their busi-
ness processes to service-oriented paradigms in order to gain flexibility. It’s
Mostly in the areas of ERP and SCM where SOA has gained more presence.
However, the strong penetration of this approach has created a gap between
event-driven manufacturing environments and SOA-based business processes.
In an event-driven manufacturing environment, businessrelevant events can alter
the normal course of business processes entailing turbulent scenarios. Manufac-
turing companies need an event-driven SOA to have the agility to react to con-
stantly changing business requirements and adapt their business processes. In
order to achieve this, the gap between event-driven manufacturing processes
and service-oriented business processes needs to be bridged.
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3.2 The Manufacturing Service Bus

The backbone of SOA in event-driven enterprises is the Enterprise Ser-
vice Bus (ESB), which combines messaging, data transformation and intelligent
routing services to connect distributed applications across an enterprise while
assuring reliability and transactional integrity. An ESB infrastructure contains
the right mechanisms to enable the required flexible business environment, such
as a workflow engine, mediation and content-based routing services. The ESB
integration pattern retains centralized control over configuration while allowing
for bus infrastructure services, such as message routing or addressing, to be
physically distributed. This pattern is especially relevant from the perspective of
extending ESB capabilities by deploying new services without affecting the ex-
isting infrastructure. Based on this concept, we defined the Manufacturing Ser-
vice Bus [5] as an ESB with domain-specific services for manufacturing, which
aims to fill the gap between EDA-based manufacturing environments and SOA-
based business processes.

The MSB enhances the functionalities of an ESB by integrating event
management services needed in a manufacturing environment. In this architec-
tural model, five abstraction layers across a manufacturing environment can be
distinguished, where the MSB acts as the integration layer (Figure 2).

Laywr 4 Business Processes
Leyer 3 Business Services
Manufacturing
Context
./ ESB
Layar 2
Manufacturing : :
Event Model Event Event || Routing |
\ J | Piocessing §| Regisly J| Service |
Leger 1 Service Enablement Layer
| | | | |
Production Production
Layer O Control Unit Monitoring MES ERP

Figure 2 — The Manufacturing Service Bus

Manufacturing systems and digital factory information systems, such as
MES, or ERP, are grouped in Layer 0, which forms the source of manufacturing
information flows. Layer 1 defines a service enablement layer for all source sys-
tems, by providing systems with a service interface. In this layer, service adap-
ters enable manufacturing systems and applications to provide data as services
which can be connected to the MSB. Layer 2 facilitates the integration of data
provisioning services (Layer 1) into complex business services (Layer 3). In the
MSB, event processing and routing components are used to propagate events to
the appropriate event consumers.
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The MSB uses an XML-based canonical format for eventmessages, which
facilitates event-processing and routing tasks. Event attributes contain informa-
tion about the nature of the event, the current state of the event as well as routing
parameters, such as origin and destination. Extended Schemas are used to extend
the event model for different manufacturing sub-domains like maintenance, cus-
tomer relationship or supply chain. This approach enables the adoption of event
processing techniques in a service-oriented computing (SOC) environment,
which is one of the most important requirements in order to fill the gap between
the SOAbased business processes and the event-driven manufacturing environ-
ments. A Workflow Management System enables the orchestration of different
business services in Layer 3. Such business services are executable parts of
business processes (Layer 4) and can be dynamically adapted, depending on the
incoming events.
Nevertheless, an integration framework for adaptive manufacturing, such
as the MSB, needs to incorporate techniques to (I) discover and select suitable
services by automated means; (I1) dynamically analyze and reconfigure business
processes; (I11) detect problems in service interactions and transparently upgrade
and version services without affecting normal operation.
3.3 SLM Challenges in Manufacturing
For manufacturing environments that pursue an adaptive manufacturing
approach, a high level of service reusability, automation and self-reconfiguration
represent the three major requirements. In order for an integration platform to
provide the necessary services that fulfill these requirements, a service lifecycle
strategy is needed. The implementation of a lifecycle strategy in SOC environ-
ments with a high level of automation presents a number of challenges that need
to be met:
= In the early phases of design and development of services, business process
modeling tools must be aware of existing assets and services. One of the key
Issues in reusing services is the ability to discover them effectively. For this
purpose, only the inherent interface data of a service may not be enough.

= As services are adapted to different business requirements and used — or
reused — in composite applications, the need to document changes, updates,
versions increases considerably. The reuse of process fragments may become
impracticable if services cannot be distinguished from each other or from
former versions.

= |n addition to this, once services are deployed, reconfiguration of business
processes must be aware of the different service dependencies. Upgrading a
business process cannot be done blindly, without knowledge about the de-
pendencies between the different process fragments.

These challenges are addressed by the Semantic Service Framework,
which is described ahead.
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4 SEMANTIC SERVICE LIFECYCLE FRAMEWORK

4.1 Need for Semantics

Semantics is the study of meaning and usually focuses on the relation be-
tween different representations of concepts, or content of data. The use of se-
mantics has been already successful in other fields like linguistics, knowledge
representation, and artificial intelligence. Semantic annotations can also be help-
ful in integration platforms for adaptive manufacturing, where the fully interope-
rability of systems represent the biggest barrier to achieve the desired degree of
automation.

There are four types of information heterogeneity [6]: (1) system hetero-
geneity, which considers the storage of data in different platforms and operating
systems; (I1) syntactic heterogeneity, where information sources use different
representations and encodings for data; (111) structural or schematic heterogenei-
ty, which considers the storage of data in different formats, data models, struc-
tures or schemas; and (1) semantic heterogeneity, which considers the content
of information and its intended meaning. In a highly heterogeneous landscape of
information systems, such as manufacturing environments, semantic heterogene-
ity can be encountered at the data level, where the meaning of data is expressed
differently, depending on the residing system. For instance, a customer relation-
ship management CRM) application using an XML dialect to represent custom-
er orders doesn’t necessarily understand the XML dialect of an order manage-
ment system. A possible solution to the problem of interoperability is to seman-
tically describe the meaning of the terminology of each distributed data using
shared concepts. Usually, a shared ontology is used to make clear the relation-
ships and differences between concepts.

However, the semantic interoperability problem can also be encountered
at the business process level. For services to interact properly with each other as
part of composite applications, which perform more complex functions by
orchestrating numerous services and pieces of information, the requester and
provider entities must agree on both the service description and semantics that
will govern the interaction between them [7]. This implies an agreement
between requester and provider. The aspect of semantic interoperability between
service requesters and providers can be exploited to solve the challenges
exposed in the last section and will be the focus in this section.

4.2 A manufacturing service semantic framework

As it was mentioned in Section 3, service discovery is one of the most
challenging aspects in the reuse of services. Business process modeling tools must
be aware of existing assets and services. Here, the use of semantics to describe
existing services provides advanced features that simplify business process
modeling, such as automatic semantic-based discovery of services,
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autocompletion, and edition of new process and data mediators [8]. These tasks
lead to more effective modeling and reduce the time spent in the design phase [9].

The challenge is now how to describe services correctly so that these can
be discovered. The method we use is based on service semantic annotations,
which is based on associating semantic metadata with resources.

A semantic annotation application enables service modelers to describe
services. The description process is very important for later service discovery.
The more accurate is the description of a service, the easier are the appropriate
services discovered in a semantic search. The description of a service needs to
address four types of semantics [10]:

1. Data semantics: description of input and output messages of a service.

2. Functional semantics: definition of the capabilities of a service, that is,
a description of its operations.

3. Non-functional semantics: definition of quantitative or non-quantitative
constraints related to QoS or policy requirements, such as message encryption.

4. Execution semantics: definition of the execution flow of operations
within a service or of services in a process.

The definition of all these aspects of a service gives a detailed description
of what a service can do, how it can be done, the conditions under which it can
run and its interaction or dependency with other services. When services are
semantically described, there are three steps that need to be done: (i) the service
data and service operations are semantically annotated, (ii) an inference engine
checks for inconsistencies with existing concepts and relationships, and (iii) then
the annotated services need to be stored in a semantic service repository. These
three steps are very important for later service discovery and reuse.

The presented service semantic annotation framework permits the
annotation of services in a manufacturing environment. Event-data service
providers describe the input and output data that the service manages as well as
the functionality of the service, i.e. the operations of the service, by linking the
data and operations in the service interface to the concepts expressed in the
domainspecific production ontology. This ontology contains all relevant
concepts and relationships of a concrete manufacturing environment. For
instance, the meaning of a ‘customer order’, as well as all its attributes, such as
the order status, and relationships with other concepts, like customer request, are
described. This ontology is populated with instances of the ontology classes,
establishing a knowledge base for a concrete manufacturing environment, so
that services from different domains, such as ERP, CRM, SCM, can overcome
semantic heterogeneity problems.

The annotation and discovery of services is shown in Figure 3. Once the
service provider annotates a service, like the MES event-data provider does (1)
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in the example, the semantic service engine starts a reasoning process about new
knowledge (2), i.e. new service interactions, and service dependencies. Then, the
semantic service engine updates the service ontology and feeds the semantic
service repository with the new semantic service. Once a service is registered, a
service requester can formulate its requirements in a semantic template by using
the same terms as those expressed in the production ontology and service
ontology. In the example shown in Figure 3, a CRM event consumer service
sends this event provider search request (3). The reasoning techniques of the
semantic service engine are then used to compare the requirements of the
template with the capabilities of the service available in the semantic service
repository, allowing services to be discovered by requesters (4). The value of
semantics is to provide a much richer description of services as purely
syntactical thus providing powerful support for service discovery.
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Figure 3 — Semantic Service Framework

Additionally, service providers can include optional descriptions that de-
fine preconditions and effects of its operations. Preconditions must be met be-
fore the service is invoked and effects are the expected results of invoking an
operation. Moreover, a service provider may consider adding a description about
non-functional aspects of a service, like quality, reliability or security. These
nonfunctional characteristics are the basis for SLA stipulations that allow ser-
vices to agree on QoS aspects. Finally, service providers can also include execu-
tion semantics when describing a service which provides knowledge about ser-
vice interactions and the dependencies with other services or processes. These
are mapped to the concepts expressed in a service ontology, which is populated
with instances of the service ontology classes, establishing a knowledge base for
service dependencies. This allows, for instance, dynamically establishing new
SLAs when a service updates its security policy by discovering service consum-
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ers whose semantic description of their requirements match the stated policy.
This is the basis for the implementation of a SOA governance strategy.

The benefits of adding semantics is pervasive in the entire lifecycle of a
service [10]. The service semantic annotation framework can be used to imple-
ment a service lifecycle management system. As it was mentioned inSection 3,
one of the major challenges in SLM is the need to document changes, updates
and versions of services. In dynamic environments, such as in adaptive manu-
facturing, services are adapted continuously, i.e. incorporate new functions, up-
date or delete existing functions, etc. Under these circumstances, the needed lev-
el of automation cannot be achieved, unless the mechanism for service discovery
and process reconfiguration is supported by an adequate service lifecycle man-
agement. The architecture described in the next section uses the service semantic
annotation framework to implement an SLM component that can be incorpo-
rated into service-based integration platforms for manufacturing, like the Manu-
facturing Service Bus.

5 SEMANTICS-ASSISSTED SERVICE LIFECYCLE IN THE
MANUFACTURING SERVICE BUS

In order to gain the required responsiveness and adaptability in current
manufacturing, we must provide the right support for self-reconfiguration of
processes and service management in order to increase the level of automation
in integration infrastructures. The MSB is a service-based integration platform
for manufacturing environments, but with no SLM. The adoption of the frame-
work presented in the previous section provides a SLM implementation that
enables service management and versioning, service dependency management
and contributes to the self-reconfiguration of processes and automated service
discovery, which are considered key technological aspects in integration infra-
structures for adaptive manufacturing.

The adoption of the framework in the MSB is based on an SLM strategy.
All connected services to the MSB are considered event sources or destinations.
As, described in the reference architecture of the MSB, a content-based routing
service routes events to their appropriate destinations. This is done thanks to an
XML-based canonical event format which services use to send their events to
the MSB. Through this event model, our factory integration platform can keep
track of events, route messages to the appropriate destinations and perform med-
lation tasks on messages. The MSB routing serviceis based on a fixed set of
XPath expressions, which evaluate certain nodes in incoming event messages.
An example is shown ahead:

/% [@eventIdRegistered="true" and

GeventF lowIdRegistered="true" and

not {(BeventId="") and

not (GeventFlowId="") and GeventType="85"]
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The routing service looks up the corresponding destination in its routing
tables and determines where to route the message by evaluating the event data.
Each event type is mapped to one or more destinations, which process the event
messages of that type. Nevertheless, these routing tables have to be edited ma-
nually when new service dependencies are established. In addition to this, this
person has to be an IT specialist due to the complexity of XPath expressions.
These aspects avoid the MSB to provide the desired flexibility when adding new
services or when the operations of a service are updated. Therefore, a certain
degree of automation needs to be incorporated that supports service manage-
ment. For these reasons, we propose a semantic approach to enable SLM in our
integration platform, and provide the desired degree of automation. This way,
when a service is updated, a new version will be registered in the semantic ser-
vice repository by using the presented semantic service framework. As a conse-
quence, once service dependencies are updated, the routing tables will be auto-
matically updated as well with the corresponding updated routing information
for incoming events.

In Figure 4, a scenario to reflect the automatic updates in the routing
tables is shown. In the example, a CRM system uploads a description of the new
service version (1). Then the routing tables are updated with its new destination
(2), s_CRM_v2. In this manner, events of type 85 from the MES can be routed
to the new destination (see Figure 3). Additionally, all service compositions that
contained version 1 of this CRM event consumer need to update the service
endpoint as well. Such service dependencies are managed by the semantic ser-
vice framework, and stored in the service ontology knowledge base.
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Figure 4 — Semantics-enhanced MSB
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6 RELATED WORK

The concept of a manufacturing service bus was first introduced by Bien-
nier et al. [11]. This work extends the concept of ESB, adapting the architecture
to the manufacturing context. Special attention is paid to the monitoring of QoS
parameters. Our work is oriented on the adoption of SLM in the integration
middleware in order to achieve a higher degree of automation in serviceoriented
computing environments for adaptive manufacturing. In this direction, current
research activities focus on different areas, namely (i) semantic BPM, (ii) dy-
namic routing and (iii) event-based SOA.

Semantic Business Process Modeling (SBPM) aims to achieve a higher
degree of automation in BPM by using semantic technologies. The functional
requirements for each phase of the BPM lifecycle and the benefits of adopting
semantic technologies are explored in [9]. The major benefits are automated ser-
vice discovery and enabling dynamic binding of services to process tasks during
process execution. A reference architecture [8] and implementation of a SBPM
system has been carried out within the SUPER project [12]. The integration
layer is based on a semantic service bus. This contribution is a conceptual archi-
tecture and focus on service orchestrations more than routing technologies.

Dynamic routing in service-oriented architectures is another area of re-
search that matches the agility requirements for integration platforms in adaptive
manufacturing environments. In this area, dynamic routing processes can be im-
plemented as processes, like in [13], where SOAP message routing logic is ex-
pressed in terms of processes, which enables routing by SOAP message
processing. In [14], a review of current efforts to adopt content-based routing in
SOA is made. These efforts focus on incorporating publish/subscribe technolo-
gies, such as the WS-notification standard. However, in most approaches, se-
mantics are not used or only used for service discovery.

A combination of both architecture styles SOA and EDA is introduced in
[15]. The result is a model that uses Event-driven Process Chains representing a
standardized, event-centric business process notation for modeling the initial
processes, which are then transformed into a BPEL process, the web service
standard language for executable business processes. This approach uses events
to trigger execution of individual business activities, whereas our approach
routes events by means of a mediation service bus. The incorporation of seman-
tics to the MSB enables a higher degree of automation, which is one of the fun-
damental requirements in adaptive manufacturing.

7 CONCLUSIONS

The vision of adaptive and knowledge-based manufacturing can only be im-
plemented if the integration infrastructure in a manufacturing environment includes
the right SLM, adaptability and automation mechanisms.
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The benefits of adding semantics is pervasive in the entire lifecycle of a ser-
vice. We propose a semantic service framework to implement an SLM system that
allows managing services and establishes a knowledge base for service dependen-
cies. This extension will permit to support EAI process modeling tools, thus opti-
mizing the reconfiguration of processes. The presented MSB semantic extension
provides the means to adapt the MSB execution infrastructure to changing EAI
process models.

In highly dynamic environments, the desired level of automation can only
be achieved if service discovery and process reconfiguration are supported by
the adequate SLM. We have shown how the semantic service framework can be
incorporated into an integration platform, namely the MSB, improving the adap-
tability and agility of the platform.
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