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ABSTRACTIN today’s global manufacturing markets, manufaciy processes need be flexibly
adaptable and efficient due to changing businessashels and tough cost pressure. To cope
with this situation, concepts such as Virtual Faercan be beneficially applied to facilitate
the collaboration between enterprises, especiallglsand medium-sized ones, and therewith
to achieve higher degrees of flexibility. In thesppr, we propose an approach for optimizing
manufacturing processes in Virtual Factories, whatte realized by our research project
ADVENTURE. This way, we achieimeroperability among the collaborating enterpissas
well as flexibly adaptable and efficient manufaaigrprocesses.
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1. Introduction

In today’s global manufacturing markets, entergriaad factories, respectively,
especially small and medium-sized ones, are fagimgpus challenges such as short
product lifecycles, changing business environmeatg] tough cost pressure. In
order to cope with these challenges and to staypetitive in such global markets,
manufacturing processes need to be flexibly ad#ptatd efficient. For supporting
flexible process adaptations, concepts suctiidsal Factoriesaiming at enhancing
and facilitating the collaboration between factsr@an beneficially be implemented
and realized. In Virtual Factories, multipleal factories work closely together for
collaboratively producing and providing goods aedvices. Achieving interopera-
bility among the collaborating partner factoriesrédby is key. Making use of the
concept of Virtual Factories, (collaborative) maaaifiring processes need to be
optimized for achieving efficiency. In this respest propose an approach for op-
timizing the structure of manufacturing processes the selection of partner facto-
ries such that predefined constraints on non-foneli aspects — as, e.g., production
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and delivery time or Carbon Footprint (CO2) levelsire satisfied and production
cost are minimized.

The rest of this work is organized as follows: gcfon 2 we briefly present our
research projecADVENTUREfor achieving Virtual Factories. Our approach for
optimizing collaborative processes in Virtual Faide is described in Section 3.
Section 4 finally concludes the paper.

2. The research project ADVENTURE

ADVENTURE — ADaptive Virtual ENterprise manufacTURi Environment —
focuses on creating a framework that aims at suipygoand enhancing the collabo-
ration especially of Small and Medium-sized entisge (SME). This is primarily
realized by integrating the Information and Comnoation (ICT) systems of the
collaborating SMEs for achieving interoperabilittn@ng them and by providing
enhanced monitoring facilities for monitoring thehale (collaborative) supply
chain. Building on concepts from the field of Seepsoriented Computing,
ADVENTURE enables the creation of manufacturinggesses in a modular way.
Steps and activities of such processes can be tadd&sed on required skills and
technical requirements. They are further enrichéith wemantic annotations such
that a matchmaking can be carried out automatedfintd matching partner facto-
ries that have previously provided semanticallyicdhad descriptions of their manu-
facturing capabilities and services to the ADVENTRJRIatform. This way, the
process of finding (from a functional perspectiVigling partners is significantly
facilitated by ADVENTURE. If, for instance, an SMEquires quickly adapting its
manufacturing processes due to dynamically changisgpmer requirements, it can
use ADVENTURE to model the adapted processes alitiga specification of the
needed skills and manufacturing capabilities theamnnot provide itself. Conducting
the aforementioned matchmaking, ADVENTURE shows praposes appropriate
partner factories. For achieving interoperabiliiyjhvthe identified partner factories,
ADVENTURE offers means for integrating their ICTsgyms, as previously stated.

If multiple factories come into question for realig certain steps of the manu-
facturing process, the SME can select between #mrording to its needs on non-
functional aspects. A corresponding optimizatioprapch is presented in Section 3.

3. Optimization approach

Having briefly introduced the project ADVENTURE the previous section, this
section focuses on the optimization approach pregpas the work at hand. It there-
by consists of two parts. The first part addresggnizing the selection of partner
factories and their offered manufacturing servicespectively, whereas the second
part focuses on optimizing the structure of the aefled manufacturing processes.



On Optimizing Collaborative Manufacturing Processegirtual Factories 3

3.1.0ptimizing service selection

As previously stated, it will be possible to selbetween partner factories and
services, respectively, based on non-functionaéetspsuch as delivery time, CO2,
cost, etc., if multiple services exist that areatyuappropriate to perform the differ-
ent activities and accomplish corresponding tagke jorocess. In fact, the problem
of selecting services based on non-functional @speccommonly known and re-
ferred to in the literature &8ervice Selection Problén(SSP) (Strunk 10). Related
work in this field can be mainly distinguished e tworkflow patterns (Aalst et al,
2003) and structure elements, the correspondingoappes consider, and by the
type of optimization, i.e., whether the approachias at computing an optimal, e.g.,
(Ardagna et al., 2007), or a heuristic solution, gCanfora et al, 2005).

For optimizing service selection, our proposed apph aims at finding an opti-
mal solution to the SSP. It differs from and ex®mdlated work in this field by
considering OR-blocks, i.e., OR-splits with cormsging OR-joins, in addition to
sequences, XOR-/AND-blocks, and by accounting riterlaced as well as unstruc-
tured workflows, which as yet have not been considiéy related approaches.

For modelling the SSP as optimization problem, egation functions for ag-
gregating values of non-functional service aspeasording to aforementioned
workflow patterns and structures have been developae to space restrictions, the
interested reader is referred to our former wor{Sohuller et al., 2011), (Schuller et
al., 2012) for further details. Exemplarily, we pide corresponding aggregation
functions in Table 1.
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Table 1.Aggregation functions

While the parameters d, andr refer to non-functional services aspects as indi-
cated in Table 1, the variablgsonstitute decisions variables indicating whether
servicej for process stepis selected or not. Recursively applying the nwd

! The Service Selection Problem is also referreabt8ervice Composition Problem.
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aggregation functions according to the considereshufacturing process enables
specifying the optimization problem. If necessamppropriate linearization tech-
niques (cf. Schuller et al., 2011) will be applied obtaining dinear optimization
problem that can be solved optimally by applyingx&4l) Integer Linear Program-
ming (ILP) (Beasley 96). This way, an optimal seevselection can be achieved.

3.2.0ptimizing process structure

In addition to optimizing the selection of matchipartner factories and their of-
fered manufacturing services, the optimization apph presented in the work at
hand also includes an optimization of the procéss®ire. Optimizing the process
structure in addition to optimizing the serviceestibn is not addressed at all by
related work. Thus, the work at hand extends rélaterk to this degree.

In order to enable process structure optimizatio@spacefor possible structure
optimizations has to be explicitly indicated andypded. In ADVENTURE, we use
the Complex gatewayo indicate alternative process structures. Fstaince, in the
example workflow in Figure 1, the process steps) @, two, and three, i.e., PS
PS, and Pg are arranged in different structural orderingshat three different
branches within the Complex-split and -join (forgnia Complex-block). The three
branches thereby indicate different execution pid#gs assuming that it is not
allowed in this example to execute all processsstef, PS, and P$in parallel.
Thus, either the first, or the second, or the thiranch, constituting allowed struc-
tures, is the optimal one. These three possitsliitem thespacefor process struc-
ture optimization.

Figure 1: Example workflow containing alternative structures

In order to optimize the process structure, a sele®f services has to be con-
ducted since the optimal process structure dependsnd is interwoven with the
services selected for the corresponding tasks. #staintuitive approach for opti-
mizing the process structure in conjunction witkeseng services, we propose to
compute the optimal solution by considering eactéraative branch separately for
performing an optimal service selection step. Fos,twe adapt the aggregation
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functions by integrating a decision varialglendicating whether a certain brankfs
considered as optimal regarding the process steiciptimization or not. According
to the example workflow in Figure 1, which contatnsequence and an AND-block
within the Complex-block, the aggregation function costc is indicated in [1] —
applying corresponding aggregation functions froabl€ 1.

Zyk{ZquwZZZw] [1]

KOK ior, J00; 1000, |0,

The aggregation functions for the other considared-functional service as-
pects can be developed analogously. Accountingh®rexample workflow in Fig-
ure 1, the optimization problem is indicated in Mbdi.

Model 1. Optimization problem for example workflow
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In [2], the objective function is provided, aimimg minimizing cost. The con-
straint in [3] restricts the delivery time to beMer or equal to a certain upper bound
by while the constraint in [4] restricts the prodoctirate to be larger or equal to a
certain lower boundb,. Both bounds need to be specified by the enti&y th con-
ducting the optimization. The constraint in [5] reaksure that only one of the pos-
sible process structures is selected, whereasnf@jres that either a process struc-
ture is selected or not. Applying ILP, an optimalusion to the optimization prob-
lem in Model 1 can be computed. This way, bothpteecess structure as well as the
selection of services for the example workflow igufe 1 may be optimized.

Having described the proposed optimization apprdactoptimizing manufac-
turing processes in this section, the subsequenio®et concludes the paper.
4. Conclusion and future work

In order to cope with the challenges in today'sbglomanufacturing markets
such as changing demands and tough cost presserprogosed an approach for
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optimizing manufacturing processes in Virtual Fae® which are realized by our
research project ADVENTURE. This way, we achieveeiioperability among the

collaborating partners as well as flexibly adaptabhd efficient manufacturing

processes that are needed to survive in such giohgtets. In this respect, we ex-
tend related work by additionally accounting foogess structure optimizations.

Due to space restrictions, no detailed evaluatesults have been presented in
this paper. However, since the number of potemptiatess structures increases ex-
ponentially with the number of (hon-parallel) Coewpblocks, the number of indi-
vidual optimization problems to be solved — anddhéth the computational effort —
also increases exponentially. Thus, we will imprdlie concept for considering
process structure optimizations in our future warkli develop corresponding heu-
ristics. Nevertheless, being able to compute theérab solution as enabled by our
approach is indispensable since the optimal salutionstitutes thébenchmark
against which heuristic solution approaches needdasure themselves.
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