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Abstract. Due to peculiarities and complexities embeddedcamplex
service-enhanced products, e.g. automated buildthgse products are one-of-
a-kind, largely customized, and may involve a langenber of competitive /
cooperative multi-stakeholders. Life cycle of coeplproducts typically
includes a substantially long creation phase, ¥a#id by its operation and
evolution phases that last over decades. Althotigd, majority of complex
product components (e.g. equipment and servicegpacified gradually and by
varied stakeholders during its creation stageh@éurtspecifications are also
provided later on to support its evolution. Thippaaddresses challenges in both
specification of varied and numerous components] amanaging these
specifications thought-out the complex productdijele. We address reusability,
modularity, and federated sharing requirementshim ¢oopetition space of
complex product specification, and within the cahtef Virtual organizations
Breeding Environments (VBESs). Our developed prodipxcification system,
which is already alpha tested, addresses theséfiddrrequirements, and is
described and exemplified.

Keywords: Complex Products, Product Specifications, Virtuglamizations
Breeding Environments (VBE), Service-enhanced RrtsjlCoopetition

1 Introduction

Complex products (e.g. solar power plant and iigiedfit buildings) are one of a kind in
their design specification and massively customireitheir production. Furthermore,
the Product Life Cycle (PLC) of such complex pragucins over several decades. The
specification of complex products is therefore tgtly not performed in one session,
rather iteratively during its life cycle, and pati@ily involving a number of different
stakeholders, from equipment manufacturers andcgeproviders, to experts at an
EPC (Engineering, Procurement, and Constructiomjpamy. These stakeholders need
to collaborate within a coopetitive environmentoider to gradually and incrementally
specify different components and sub-componengétaelto the complex product.
Additionally, based on our findings in the areasaflar plants and intelligent
buildings, which are relatively young industrielse tdesign and engineering of these
complex products cannot be resulted through thes rsearching and identification of
the needed components among the existing prodndisei market. In other words,
although familiarity with the existing related prax/service details, as provided by
different manufacturers and suppliers in the mades the necessary starting point for
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the complex product designer, the mere existencthese product details are not
sufficient to fully specify thé&roject Desigrof the complex product. Rather, the nature
of our targeted complex products mandates detadlad concise design and

customization processes for its sub-products, diolythe equipment, devices, and
enhancing services, as well as involving diffetakeholders in these processes.

We propose an environment for complex product $igation, to provide the
coopetition space needed through different PLC gthaé\ number of earlier research
works address collaborative environments for prodpecification and design, e.g. for
collaborative CAD systems [1][2]. In this paper hexgr, we investigate requirements
for a product specification environment that carppart collaboration among
competing companies (the so called Coopetitiorthiwithe context of VBEs and goal
oriented Virtual Organizations (VOs). Considerihg toopetition environment that is
supported in the complex product VBESs, a main airthis environment is to support
the reusability, modularityandsharing of the generated assets. As mentioned above,
the addressed complex products are young industndsherefore their stakeholders
can very much benefit from sharing the specificatb sub-products that are designed
by others. Therefore, supporting both the reudshali sub-product specifications and
the possibility of granting access privileges aenttio other stakeholders are important
requirements. Furthermore, considering that thesgtex products are one-of-a-kind,
their designed sub-products can be reused onlyhéncase where sub-product’s
specifications follow a modular design approachihsbthe pieces of their specification
can be accessed and copied for reuse.

Besides the specification of various equipment dedices needed for complex
products, we also address the specification okewanf needed business services, that
can range from software systems to human-provittezifo called manual) services,
and which in one way or another enhance the compiaduct.

In the knowledge-based economy, services have andsingly important role in
manufacturing industries, which use functionalitpyided by services to differentiate
their products [3]. In fact, by adding businesvmess, while it also increases the value
of the products, a higher level of differentiaticem be realized [4]. Therefore, in our
design of the specification framework for complexducts, we consider that sub-
products typically come with a set of business ises/that offer some beneficial
enhancement to the customers of these productsui@apdifferent aspects of these
business services as well as the inter-relatiossiipl links between these services and
other sub-products of the complex product (e.gicdsy, are main requirements for our
proposed complex product specification framewortt system. Many approaches and
standards have been developed by the research autyniu the area of Service
Oriented Architecture (SOA) to specify and formeallausiness services [5]. There are
however still challenging and open questions relate how make services
interoperable, so that they can be shared anddgeasevell as how to assist authorized
service providers with composing other servicess throducing value-added service
to support complex products. Furthermore, therestilegaps in correlation between
services and products in the context of complexipcts.

Please note that this research on product speaddiicdramework is performed
within the GloNet [6] project, and constitutes one of its subsystems

1 http://www.glonet-fines.eu
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The remaining sections of this paper are struct@®dollows. In Section 2 we
address the role of product specification in défdarphases of our target complex
products’ life cycle. In Sections 3 and 4 we wiictis on how to realize the main
requirements (non-functional and functional) formgdex product specification
framework and provide some details related to thyglémentation. Finally in Section
5, some concluding remarks are provided.

2 Product Specification in Different Phases of the RT

The PLC of a complex product can be divided in®ftillowing three main phases [7],
each having its own peculiar features:

(i) design and engineering,

(i) construction and commissioningand

(iii) long termoperation and maintenance
In this section we address these three phasesaniynin relation to the specific
product specification needs of stakeholders thairarolved in the phases. But before
focusing on each phase, we should point out thatpttoduct specification is also
needed before the PLC of the complex product sfahis is mainly due to the need for
preparation of the bid for the targeted complexdpad, for instance in response to a
call for tender. Figure 1 indicates the productcfation process during different
phases of the complex product’'s PLC, as well a;nduhe pre-phase of bidding for
the complex product, in order to preform cost eation and initial partner selection.
Design and Engineering phaseBeing the first phase in the PLC of the complex
products, the design and engineering phase plaiysprtant role in the success of the
later phases. Activities during this phase arecafy divided into the three steps of:
project assessment, project design, and projecleimgntation.Project Assessment
stepincludes the complete analysis of the site anddbtlenical assessment of the entire
project, at this steplsigh-level specification of the complex produist made in order
to assess the feasibility of the project. After tAeoject Assessment has been
successfully preformed, during thHeroject Design stepghe early engineering and
selection of technology takes place. These incthdefollowing activities, which are
reflected in someletailed specification of complex product

(i) Pre-engineering - e.g. achieving initial spagifions of the complex-product,

(i) Evaluation/selection of technology or equiprere.g. evaluating for selection
or extension of existing devices and equipmentblétfor complex product), and

(iif) Selection of sub-product specifications -.eagding sub-product specifications
as components of complex- product specification.

Finally after the Project design step has beenesstolly preformed, during the
Project Implementation steghe planned specification of the complex product is
finalized and the product specification is used for selective relevant organizations
and for sub-product procurement.
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Figure 1- Product specification in different phases of crgproduct’s PLC

Construction and Commissioning phas&ypically during this phase, no new product
specification is made; rather the existing oneshinlie accessed to retrieve some
detailed design information.

Operation _and Maintenance phaseAlthough as discussed above, the product
specification is fundamentally required during &mtire design and engineering phase
of the product life cycle, it is also usually nedde be used later during the long-term
operation and maintenance, but rather infrequefthis occurs mostly due to the
continuous need for evolution of the complex pradarad/or to innovate and provide
new products either in response to “newly identifieeeds or some problems emerged
during the operation phase. Example cases of setfuirements vary from
enhancement or upgrading a control box in a solantpto replacing the panels
damaged in an earthquake.

3 Realization of Non-functional Requirements

At its base, system requirements addvésga system is neededhatare the functions

it must provide,how the system must be constructed and implemented wénat
conditions must be satisfied by the system. Therham types of requirements are the
non-functionaland thefunctional requirements [8]. This section addresses the most
important non-functional requirements for our pretdgpecification space, namely the:
security, integrity, scalabilityand portability.

3.1 Security
Security plays a very important role in systemssThdue to the fact that improper
access to a system might bring loss and even bpitlyrto the organization using the
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system. Proper prevention of threats via competitboth from the outside world
(enforcing authentication) and from the insideh#f system (enforcing authorization),
is a must. The main steps in this process are ssellebelow.

3.1.1 Authentication

There are three different main techniques that lmanused for authentication,
including [9]: what you are, what you havendwhat you know.

Among the above, and considering the usage/ugbegroduct specification space,
we have selected th&vhat you know” technique. In this approach the product
specification sub-system (developed on top of tloedzbased GLONET platform)
receives aokenabout each user’s authenticity. This token is geee through the
“Single Sign-On” mechanism implemented within ie BloNet platform [10].

3.1.2 Authorization

A very important requirement for any system thadlglevith multiple stakeholders
(specifically within a coopetitive environment) its secure and proper information
sharing as well as mechanisms for granting acadgteges to authorize users. This is
due to the fact that although different stakehaderVBEs may cooperate to achieve
some specific common goals, they are potential &titgps on many others.

To preserve users of the product specification espagainst unwanted data access
to their private information, we have designed anglemented three different data
spaces (levels of access) for users of this sydtgamn limit who can access what. As
also illustrated in figure 2, these spaces inclugdvate — only for personal use of the
user, Restricted — specified by the user to beeshanly with the partners of certain
VO or one specific project, and Public — to be sHawith all in the VBE.

Please note that the user who defines a producifigagion within the system is the
owner of that specification. Therefore, only thaeucan with some condition move
such specification from one data space to anoghgrfrom private either to restricted
or public, in order to share it with others.

Private data spaceThe first step in the process of product speaiftn is to specify
sub-products of the complex product. To accomphshtask, designers should have a
private space to do their specifications before inkhem available to other
stakeholders involved in specification processhef tomplex product. This space is
calledprivate spaceand specifications in this space are only accksbipits owner.
Public data spaceAfter one has specified a product he/she miglshwo share the
specification with the public, meaning within th&K. This can be exemplified by a
sub-product manufacturer or provider who wishgwtonote the use of its already built
product (e.g. an equipment), to be used as a sudhipt for building other complex
products. However, a number of users nowadays reaywlved and interested to
participate in open access movements. To enaldepthgsibility, system provides a
VBE public space for users, to provide access toeaspecifications.

Restricted data spaceW/ithin the process of specifying one complex pradomiltiple
stakeholders are typically involved. This usualBppens within a VO, when users
would be interested to share certain specificatmnyg with the other VO partners. To
enable this feature, one user can indicate thericiest space for its product




82 M. Shafahi, H. Afsarmanesh, and M. Sargolzaei

specification. Consequently, every time a VO isated a restricted data space is
created for it.
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Figure 2 — Three Data spaces in relation to product spetifin framework

We shall now address how the users can view andiove their owned
specifications from one data space to other desaesp Once a product is specified, it
can be viewed by its owner. The screenshot in Eidarrillustrates how product
specifications can be viewed by a user. Dependinty® selectedfO-nameor project-
name (as indicated in the upper right corner of theesn), a list of associated
specifications for which the user is authorizedviiew will appear, sorted by their
product names. Please note the symbols that appkant of the product names, where
(-) represents private and (#) represents resttiodso note that the semantics of
projectsandVOsare very different, and while the former indicate®e optional user-
defined folder, the latter is dedicated to all restd specifications belonging to a
specific VO. Please also note the following thrases:

- If neither a specific project nor a specific V&identified by the user (on top right of
the screen), then gllublic product specifications in the system, further ltopavate
specifications of that user, will be illustrated.

- If no project is mentioned by the user, but a ¥Gpecified for which the user is
authorized, then onlsestrictedspecifications related to that VO will be illugtd.

- If the user specifies no VO, but a project-nathen all theprivate restricted and
public product specifications that the user has assattatthat folder will be shown.
In the example of Figure 3, the user Prolon hascsedl/indicated the VO's name
“Electrical Design”. Consequently, all restrictebguct specifications that belong to
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this VO, as well as the all those public sub-prdslassociated to this VO are illustrated.
Please note that while Prolon might itself own sahthese restricted products, other
users (who are also partners of this VO) own tiherst
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Figure 3 — Existing Specifications Window (restricted to &f@)

Other than viewing the product specifications, atited users can also change the
accessibility of these specifications by preformiihg following set of actions:

- Shareaction (shown with ico(~ ), which provides the usith the option to change
the access rights/sharing status of a certain ptagpecification that he/she owns. The
share options are available through existing prtsdwindow, when the user clicks on
its icon. Please note that when defining a new ybdpecification, by default the
access right to that specification is made priveitat is if the user has not indicated a
VO on the top right corner of the screen, in whiatse by default the specification
becomes restricted to that VO. At any point in tintlee owner of the product
specification is allowed to only broaden the acdesthat specification. This means
that if a specification is private, then the owoan change it either to restricted within
a VO, or to public. In other words once the ownkera@roduct specification grants
certain access rights to others (e.g. to view fleziication) he/she cannot withdraw
that right later. ]

- Assign to Projectaction (shown with ico W\ ), which provides the pbagy to
provide access to an already defined specificationyhich user has access and is
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already indicated as private, public, or restrictedan existing project folder of that
user. This is mainly to assist the user with orgiaugi his/her product specifications in
different folders. This means that by default graject is indicated on top right corner
while specifying a product, then that product vl allocated to that project folder.
Nevertheless, through this action, as provideche Existing Specification window,
specifications may be assigned and reassignedfévedit project folders.

- Deleteaction (shown with ico's? ), which allows hiding @rt specification(s) from
the users’ screen, for instance if the user finsistaproduct useless for him/her to keep,
its specification can be deleted from his/her view.

3.2. Scalability

During its PLC, a complex product might potentiadlgal with hundreds of users.
To support such a user base, and to enable possipénsions to both the user base
and the product specifications, we have leverapedpbssibilities supported by the
cloud environment that allows allocation of morsaerces on demand, when and if
needed. This leveraging has been done through iagplliree different techniques.
First, different components of the system (i.e. the etadae building blocks of mainly
the Controller layer and the DAO implementatiorelgyare decoupled from each other,
which include decoupling: the web service contrslleweb interface controllers,
Hibernate DAO Implementations, GloNet DAO Implenagitdns, etc. This means that
none of these components depends on how anotheporamt is implemented or
executed, which in turn enables the execution fiEmint components on different
physical and/or virtual machineSecongthe implemented product specification space
is layer-based (e.g. having Application, Data, ktgers), while existence of each layer
is transparent to the other layers. Consequenty,amly the components of our
designed system are decoupled, but also the difféagers are decoupled and can run
on different physical/virtual machines. Ankird, the implemented system can take
advantage of load balancing mechanisms for thea, daupported through separation
of data access to objects, and how it is implentente

3.3 Portability
The product specification space has been develap@dweb-based application, using
Java programming language that enables the seédescade to run independent of the
platform. The server side program generates stdrmaputs (e.g. HTML 5 [11]) that
could be consistently and easily rendered by differbrowsers. The client side
(Browser side) of the program is based on JavaSarig is written using jQuery
framework [12], to insure that JavaScript codeampatible with different browsers.

The combination of java as the programming languafgine server side and the
compatibilities of the client side, such as comgatdavaScript and standard HTML 5,
makes both the client (browser) and the serverdiidiee system highly portable.

4 Realization of Functional Requirements

The complex product specification spa@ldressed in this paper, needs to provide a
set of functionalities to suppogiroduct and service specification and registration.
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Within the context of thelata levelof the PLM (Product Lifecycle Management)
framework [13] for complex products, three maindaret models need to be captured
throughout its lifecycle. These include: its Geargetriented product models (e.g.
through CAD system), the Structure-oriented producdels (e.g. through DMS —
Digital Manufacturing System), and the Meta-datemated product models (e.g.
through a database). Tipeoduct and service specification spgmémarily captures,
handles, and manages the detaileda-dataabout the complex product and all its sub-
products, and assists users with their specifinatiBurthermore, the product
specification space captures and stores linkssa af files that represent the other two
product models, which are mainly produced in cartadustry specific systems, e.qg.
CAD, CAM, and DMS software.

The main requirements for the functionality prowddey the product and service
specification space are three-fold. TKest requirement is tosupport gradual
specification of the complex products. This is rezbtb reflect the reality of complex
products that are neither defined in one sessionbg one stakeholder. Therefore,
detailed specifications that capture and transfoustomer requirements for a complex
product into discrete sub-product specificationsn ¢e gradually defined by the
involved multi-stakeholders, using the developeddpct specification space. The
secondrequirement is to properly capture the classiicaof all relevant sub-products
in a granular and modular manner in the complex product environment, e.g.
distinguishing and capturing both the electricatl anechanical aspects of a sub-
product, as well as their inter-relationships. Twil in turn support effective multi-
perspective retrieval/discovery of information teth to sub-products, as well as
creating their concise descriptions, as neededcéonmon understanding among
different related stakeholders. Tthérd requirement is to capture all details related to
sub-products in aeusable from. As such, the existing specifications of atlga
introduced sub-products can be either fully or ipliyt (e.g. at the level of certain
detailed feature-kind) reused for the specificatibother sub-products.

In the following subsections we address an appraachdifferent steps involved in
defining details of sub-products and services eelab complex products, through the
use of thegoroduct and service specification and registratgpace

4.1 Supporting granular and customized specificatio of sub-products

Supporting different levels of granularity and aumsizability is a necessity for
complex products, due to their dynamic and complature. At the lowest level of
granularity, thefeaturesof a specific sub-product can be defined. Eveaguee is an
instance of afeature-kind Through the granular definition of feature-kindad
instantiating the features, the system enablesigbeto specify any sub-product from
scratch, and without being limited to only definsgb-products as instances of already
existing type of products, with a pre-defined ddiedds/attributes.

Here the required functionality for the productdfieation space includes enabling
the user to define feature-kinds, as needed fanitleh of classes of sub-products, as
well as to specify the sub-products based on pmogitheir features. Furthermore, the
specification of feature-kinds makes them reusatethat once they are defined; all
users can use them both for the specification of dlass of sub-products, as well as
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for instantiating features related to specific gubducts. Example screen shots of the
product specification space are presented in Figuned Figure 4.

Figure 4 — Add New Specifications Window

4.2 Capturing product specification perspectives usg classification

When specifying a sub-product related to a compeoduct, due to the multi-
disciplinary nature of complex-products, it is imnfamt to enable the user by providing
different perspectives of that sub-product, basetheir related features. This can be
supported through definition of classes in prod&ipecification. Furthermore, classes
guide the users to provide proper feature inforomtielated to sub-products. For
example one can define feature-kinds to be obligdty a given class, so that if a user

identifies a product as belonging to a certainslafsproducts, then the user is warned
to also provide features for its obligatory featineds.

4.3 Supporting sub-product re-specification

When dealing with complex products, the user mahwo slightly re-specify a sub-
product for its own design, or customize an exgsab-product specification in order
to enhance, extend, revise, and finally perhapgmssfor restricted sharing. Several
of the above needed functionality from the prodsmecification space area already
addressed in the paper, and represented in Figuiev8 more functionality are
required, as indicated in Figure 3 and describéalbe
Duplication action(shown with icor-») ), which takes the user directiyatpre-filled
“New Product” window. This simplifies the task oars, since in that window the
specification information about the selected prodiduplicated, which can be further
modified/edited by the user to define a new butilsinspecification.
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View action (shown with icon ), which takes the usethi® view window of the
product specification.

4.4 Complex product/sub-product Launch Request

After the designer has specified a product, itsciipation should be used for
planning a VO that can configure and establisheitdization. Figure 2 illustrates this
functionality as the request for sub-product/commeoduct launch. This request can
be issued by a sub-product designer, and musttrasylackaging of the product
specification, and sending it through the cloudhe system that supports the VO
formation for the sub-product.
The product specification space needs to suppwrifthctionality to enable the user
with requesting the initialization/launching of theocess that can realize the targeted
specification. Thus, this request triggers the gssmf planning a goal-oriented VO.

4.5 Service specification and registration

Each business service (BS) is materialized throsmhe business sub-processes
[14]. These sub-processes representthe services would be performed. The actions
involved in the business service delivery can eitbe materialized automatically
through some software (e.g. web services), mantiabugh several human tasks, or
even through a combination of these two kinds ¢ifvéies. The automatic solutions
are usually called software services, and the masulations are referred to as manual
tasks. In order to develop a unified ICT-based hess service specification
environment, also for representing manual tasksamsider a simple software service
that only indicates the start and end points ofctireesponding task.

We consider four characterizing aspects of busisessces as being required to be
provided during the service specification stageesehfour aspects are required to
improve functionalities supporting service intengiality, namely to support service
discovery and service composition. These four aspet the proposed service
specification are described below, while the foismaé and standards that can be
applied for representation of each aspect areirismiuced. We have also adopted one
specific notation for representation of each asmectlso addressed below.

- Syntax: Typically, syntactic properties of a service apresented by XML-based
standards and languages, such as the web sendcepdi®n language (WSDL) and
Simple Object Access Protocol (SOAP) [15]. Somemgplas of syntactic aspects of
the BS specification include: service name, the enaioperations contained in the
service, as well as their needed arguments. WSBelected as the notation for syntax
specification in our development.

- Semantics: Conceptual properties of services, here refercedst semantics, are
typically defined with ontology, as an explicit speation of a conceptualization of
the knowledge about the service. The service oggottefinition encompasses a group
of vocabularies that specify semantic attributeseofices (e.g. goals and category) and
their inter-relationships, which together presemteaningful concept about the service
[16]. In fact, the semantics description of BSs ldoenrich the lack of information
about the services, which cannot be specified lyasyical descriptions, including:
goals, context, pre-conditions and post-conditimithe BS. Here, OWL-S [17] is used
for capturing service semantics within the proposedvice specification. OWL-S
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provides the rich description language needed dprasenting semantics related to
services.

- Behavior: Besides semantics and syntactic description oéneices, we also need
to specify and formalize the externally observdddbavior of each service, which shall
represent the proper invocation order of its openat These behavioral properties can
be used later within the functions support servitgcovery and integration, for
improving the accuracy of service matchmaking aacilifating the automation of
integrated service execution [18], [19]. Furthereydhe behavioral aspects of the BS
specification address its functionality, to thedkthat it can then be unambiguously
implemented by software developers. We have praptiséormalize the behavior of
the services in terms of Constraint Automata [20ithin which every state of a
Constraint Automaton (CA) represents an externalservable internal configuration
of a service, and every transition represents tosbange of one or more messages by
this service. In fact, a CA allows the user to oaptthe behavioral specification of a
service by a finite number of states and some ledbeétansitions, as well as enabling
software developers to follow the sequences of @eecoperations, in order to decide
and implement the behaviors of the service. Thizabimral specification comprises
essential information for automated service inviotein case of stateful services [21].
Stateful services are defined where a client irdeiodkeep either some data or some
states during one invocation of the service, armah ttheploying those data and states
during a subsequent invocation. In other wordsijrtliecation of a stateful web service
depends on its pervious invocations. To put itflyriehe formal specification of the
stateful services’ behavior provided by Constrdtomaton specifies the desired
sequence for operations’ invocation. The specificefor stateless services consists of
several single state CA, namely one Constraint #atton for each operation in the
service.

- Quality Criteria of Service (QCS): While the service discovery is usually done
according to the functional properties of the B®8dijication (i.e. syntax, semantics
and behavior of services), non-functional propsrtgéservices, i.e. Quality of Service
(QoS) parameters also play an important role intaroer's service selection.
Therefore, we have also proposed to specify son® IQetrics as quality criteria of
services to assist customers in service selectiwhta improve the accuracy and
optimization in service matchmaking. The QoS valoieservices are usually claimed
by service providers and ensured through a selsied agreement (SLA) as a part of
a contract between the service provider and theomess [22]. We have identified
some quality criteria for assessment of offeredises such as the execution duration,
the maximum response time, and the service avlilaihe QCS agreements in SLAs
are represented as promises among the involvedgparin the VO. In [23] different
states of such promises are introduced, includiogditional, unconditional, kept, not
kept, withdrawn, released, and invalidated.

6 Concluding Remarks

This paper addresses the area of service enhaaggaex product specification within
the context of VBEs and goal-oriented VOs, whickioime collaborations among
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competing companies, the so called coopetition.piésented a set of functional and
non-functional requirements for product and sergpecification within this context
and in different phases of the complex products &fcle. Furthermore we have
introduced and provided some design and implementatetails for developing a
coopetition space to support complex product smetibns, while realizing its
identified non-functional and functional requirerteenThe implementation of this
system has been developed in Java programmingdagegusing the Spring [24] and
Hibernate [25] frameworks. Its database is buihgshe GloNet platform [10] and the
MySQL [26] database management system. The geffiexralework applied for
development of the complex product specificatioacgpfollows the layer-based MVC
(Model-View—Controller) software design pattern][2This system is already beta
tested by industrial partners within the GloNetjpct Some more details over its
design and implementation are presented in [28].
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