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Abstract— Data quality plays an important role in the context
of collaborative engineering and virtual enterprise Drawing on
business process management perspective, this papgtempts
to gain deeper understanding of data format standatization
in B2B processes by using process simulation methadgy on
data drawn from a large industrial project situated in
automotive industry. Analysis results of this procss from the
virtual engineering domain show that implementationof the
data format standard does have a positive effect ohusiness
process performance in terms of process costs andegution
time not only for the main manufacturing enterprise but also
for its suppliers. These findings have implicationsfor data
quality and standardization initiatives illustratin g the use of
simulation technique for process performance evalu@n.
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l. INTRODUCTION

and its structure, whereas extrinsic aspects reétaiesues
appearing during data translation [2].

Here, intrinsic aspects of data exchange in théegbof
collaborative engineering are put in focus. Simatabased
design tools in manufacturing context make it gassto
analyze the behavior of complex products without
constructing their physical prototypes. Manufaaiupearts
can be virtually tested so that design and tolexrgoroblems
are detected in an early phase saving costs are fiilnis
virtual prototyping can simulate a crash test waitvirtual car
and analyze dynamic behavior of mechanical parts.

Two main simulation types can be distinguished [2]:
Discrete event simulation and geometric (contindlous
simulation. A case study from the second type s&tlian the
context of a major German car manufacturer is aealyin
this paper. Heterogeneous simulation and desigwad as
well as accordant data standards in the contextirbfal
engineering cause interoperability problems as wall
process performance drawbacks within the considered

Process changes that are induced by re-engineerirgpply chain. A consortium containing a major Gernsar

activities of process elements like activity, data
organizational structure are difficult to assessthauit
implementing the process in real life. Simulatiools can
support this assessment by providing first insighte the
new process. Complex simulation scenarios requigh h
amounts of data on the process details as welhdmisiness
process environment. Using business process mgdafid

manufacturer as well as involved simulation pagners
founded to develop a continuous simulation process
eliminate the mentioned drawbacks.

One of the most important measures to achieve thaé g
of a continuous simulation process is the develapnoé a
data format standard that supports data transaction
requirements in automotive industry with the foarsthe

contains process details as well as subsequentessoc pased data format was developed and implemented
simulation based on the documented process flow anghroughout the process of virtual prototyping. Terfprm

analysis technique is applied here to assess fhetefthat
are induced by the introduction of a format staddar data

envisaged. Selecting XML as the data interchangaasy
provides for enough freedom in structuring georneatiata,

interchange and documentation on process perfornangt the same time ensuring that different propnesaandards

within a collaborative process in automotive indyst

can be made interoperable. XML is an open data dbrm

Being the foundation of business to business (B2B}ecommended by [17] for all communications betwéen
communication, data needs to be managed toward@saev glements in a mediator-based system that allowtSopia:
aspects. In 1999 a survey performed by NIST (Nation gnqg system-independent encoding and integratiosenfi-

Institute of Standards and Technology) revealed tha
economic cost of bad data exchange processes itu$he
automotive industry is $1 billion per year [7]. $ian studies

structured data. Benefits of this standardizatifforte are
expected on the output and process levels [19] atipg
efficient and safe task execution [9]. Data is w&®d as

with similar results have been conducted in Japad a the |owest level of abstraction resulting from meament,

Germany [16]. This problem can be approached framm t
angles: considering intrinsic or extrinsic aspeeiated to
data exchange process. Intrinsic aspects coveradatznt
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that is storable in documents, i.e. semanticaltycttired
files, and processable using specific syntax.
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There is relatively little research activity in ghilomain,
thus to close this gap, the guiding research quesf the
paper is focused on how to assess the impact affdanat
standardization in virtual prototyping on the presdevel.
As the actual roll-out of the process is cost-istem and
requires re-structuring of the processes of thelied actors
this question is addressed using the process dionla
method. Furthermore, simulation allows creatingfébe”
(as-is) and “after” (to-be) scenarios.

Using the method of process simulation with timel an
cost related indicators on the as-is and to-be gzodhat
includes integration of the common data format,gtestion
of the direction of the effect induced by data fatm
standardization is addressed. The results showtiymsi
changes in the process performance measured usingsp
simulation. This effect is referred here to thead&irmat
standardization. Although, these results mightxpeetable,
only little scientific evidence on this matter dgis
Furthermore, these results can be used by managers
collaborative processes to promote data standaiahzan
the particular environment.

The reminder of the paper is structured as follokus.
Section Il related work on the effects of data dsadization

In the research area of business process management
business process simulation has been widely used fo
business process re-engineering [5], [15], [4] adl vas
organizational design [3] and quality assessmesitdinong
other domains.

Business process simulation has gained a lot eftiin
in the context of business process re-engineerirtPbOies
as a tool to support managerial decision and bt
potential effects of a newly designed business gg®c
without significant financial effort. Business pess
simulation aims at assisting the process of mogeéind
analyzing organizational structures. Use of siniohain the
context of business process re-engineering is baesethe
approach to computer-aided analysis expressed by [1
Being an operational research technique simulatias a
major advantage as it allows experimentation witty a
element of a business system [3] being used inratale
measure, understand, and predict the metrics ofepso
improvement and quality [5] and to explore the e
introduced IT-support on the process performance.

[lI. PROCESSCONTEXTAND DESCRIPTION
The goal of this paper is to use a case-based agipto

as well as simulation in business process managemefemonstrate how data format standardization inftasn

context is presented. Section Ill describes the sasdy in
focus as well as the process under analysis. IticBd®/ the
applied research method as well as the simulagbus is
described. Analysis results are presented and siieduin
Section V. Conclusion and outlook finish the paper.

1. RELATED WORK

process performance. Here, the virtual prototypiragess of
a major German car manufacturer is analyzed. Siaoee of
the information is confidential, the company isereéd to as
Construction throughout this paper.

In the context of automotive manufacturing numerous
actors are involved in the cooperative and digitali

The effect of electronic data interchange (EDI) asdevelopment and manufacture planning composingtaavi

paperless transmission of business documents betweer

trading partners has been extensively covered seareh.

extended enterprise. Figure 1 shows the general
architecture for the IT-supported processes durihg

MacKay [6] defines EDI as “paperless transmissidn oproduct creation. Multiple actors are involved afifferent

business documents between trading partner applicat
systems, via a computer and communications networg,
standard message format”. Survey-based research
MacKay [6] showed that the component sector in raotove
industry did experienced benefits from EDI adoptiming
among others: improved relations with trading pemdn
improved data accuracy as well as increased privityict
Keller et al. [12] showed that external collabarati i.e.
collaboration between supply chain actors, doedivettly
improve logistical effectiveness, measured
Nevertheless, their research shows that collalworatith
external supply chain entities influences increasgdrnal
collaboration, which in turn improves logistical rgee.
Rajgopal and Abdumalek [1] use a case-based agproac
demonstrate how lean manufacturing tools can helpgss
industry to obtain better overall financial and @iienal
control. Therefore, they apply the value steam rimepiia
simulation method by Rother and Shook [10]) on shap
data such as inventory levels before each progeesess
cycle times, number of workers, and changeoverdinibey
also use “before” and “after” scenarios as well vatue
stream mapping in order to demonstrate potentiakfits of
lean manufacturing tools.
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in costsconsidered here

IT-support levels are needed to bring a (manufaayyr
product to life. Here, the process of virtual ptgping of car
Imarts consisting of the subprocesses: formingirjgirdrying
and crashing is considered.

The sub-processes are performed by different attets
use different Computer Aided Engineering (CAE)-eyss
and data formats. Only after all the sub-processes
successfully performed and functionality of the tpais
given, the parts can be built. Therefore, the msce
is centered at data generation and
transmission. The sub-processes are organizedviayahat
their sequence and thus generated data is crumiathé
subsequent step. Without the data following sulcgsses
cannot be executed. The as-is process is showigtiref2.
Due to the heterogeneous architectures of the cabpe
partners the prototyping process is currently tamel cost
consuming.
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and approved, the simulation process can end angdhs
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Figure 1. IT-support during the product creation process [13] \a k
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To overcome the mentioned shortcomings, processsact N s
built a consortium to develop a continuous simafati L = -
v v "y Y

process that will be based on a data format stdndan.
common data definitions, representation, and strast This Smulation
initiative is based on the expectation that thangard will
allow a more robust process as well as diminisheffat of
data transformation, i.e., the time and costs esg®nThus,
the main goal of the consortium is to integratetreeneous
software and enterprise architecture and enab@m#incous
simulation chain from the concept to the producs A
standard language for data structuring and trarssomis
XML has been chosen and the process flow has be
subsequently adapted to the emerged changes. Figure
shows the envisaged to-be process that includesdates
management system(s) that supports collaboratidndata
exchange between process actors.

The process is situated in the automotive induatrgt

Figure 2. As-is process: generalized cooperation view

Figure 2 shows the cooperation activities between
process actors, i.e., as-is simulation process flemabstract
view point. Figure 3 shows an example of an asuis- s
dyocess, here: drying, on a detailed process level.

The sub-processes are structured in a similar waigt
the part has to be designed by the Construction and
contract with the simulation partner has to be tiatsd.
Then, Construction collects the data needed foulsition
and sends this data to the accordant partner. @tiego has
: : : e . to evaluate data for their completeness and comsst If the
describes prototype simulation within a construttioocess. data is not sufficiently elaborated, the partnerdsethe data

Main actor is the car manufacturer (ConstructioBrts .
(virtually) designed by the Construction need to beback to Construction for re-work. Re-worked or céetg

: . . . oo initial data are then preprocessed, simulated aast-p
virtually) tested in numerous scenarios to idgntifeir fit ; . '
‘(,de pogéible quality drawbacks before being zgnamal processed by simulation partner and the resultseareto the

realization. Thus, the process contains four sitrarasub- Construction. Construction receives the resultsaluates
X i . L . them according to the test goals and disseminai&® to

processes (see figure 2). forming, joining, dryiagd further partners involved in the subsequential rfegturin

crashing. These simulations are performed by differ P q 9

simulation partners (abstracted in the collapsedl:po activities.
simulation). Only when data from all simulationsdisrived
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Figure 3. As-is process: sub-process (simplilfied)

evaluate data

Simulation

As mentioned above, the as-is process providesifimie  support and conversion efforts. In the process inthise
for performance enhancement that are addressduebyetv  changes are visible through the addition of anaextool
data format standard. The re-engineered businessess called information systems (IS) that includes three
includes information systems that manage and cobnveapplication systems supporting cooperation in ateteation
incoming data into the defined format. Therefone, process of the process. Figure 4 shows the abstract viewherre-
structure is changed to accommodate data managemesrigineered to-be process.
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Figure 4. To-be process: abstract view

Using these *“before” and “after” scenarios processhas an impact on a collaborative business process
performance change is now analyzed towards theteffie  performance was business process simulation. Toieelof

data format standardization. the research method allows assessing the effect of
standardization on process performance and steidctur
IV.  SIMULATION SET-UP different business domains as well as industricke T

The main research method that was used here tesassgimulation set-up is briefly described here. Figuteand 3
the research question whether data format starzdsiah
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show the as-is process on the abstract level asasehn  business process to perform scenario-based perfcena
example of one of the sub-processes accordingly. evaluation using business process simulation. Tioelem
Two processes, as-is as well as the to-be probes®, boundaries are the process boundaries, includimgeps
been simulated and their results were comparedi@ge ).  actors and their processes involved in the virtmglineering
A case-based research methodology was chosen ligre win the given case study.
the aim to provide an example of practice and thst Data has been collected to define the processdkwell
proposition that the supporting tools of procesppitegg and as performance characteristics such as time, castbs
business process simulation can illustrate theceffé data  frequency of an activity. The simulation model udeste,
standardization on the process performance. Althoag has been developed to include the process (log& an
single-site study has obvious limitations with medpto the temporal) flow as well as execution times as deffifxy
generalizability of the findings, the case is rioted at being process workers in the as-is process. For the teebrario
representative, but rather exemplary. Thus, theareber expert interviews were led with process workergycpss
does not need to assume that the simulation rebaltsvere  managers and process owners to derive an estinoate f
retrieved are exhaustively representative for afhilar  realistic task times and costs. The to-be process ldeen
situations (same reasoning has been successfylliedpn  modeled and simulated.
[14]). These results were presented to the intervieweassiess
To perform business process simulation of the dss#tr their feasibility. Simulation results of both scena as well
processes, they have been modeled according twviewess, as their comparison are described and discussethen
workshops and documentation using Business Processllowing section.
Modeling Notation (BPMN) as well as enriched with

detailed information on their organizational andgnperal V. ResuLts
structure. _ _
Derived information as well as the business prazess A Smulation Results
have been modeled using Adonis® 2.01 communityicedit Results of the process simulation are shown in€rabl

software. It is a business process analysis toppating Process cycle time is elevated in days: hours:utem
business process management, specifically simoladiod seconds format. Costs are expressed in money (Mits.
calculation of business performance indicators,hsas  Activity times are measured for one execution cyplecess
human resources, process costs, etc. It allowsnéssi cycle). Delta is computed in hours for the timenstand as
process modeling using BPMN, process analysis,lalion,  the difference in change between “before” and ftafte
evaluation as well as publishing and process automwith ~ metrics.

BPMN 2.0 XML. Process execution time represents the sum of @ctivi

To gain an insight on the effect of the introduckda  times without consideration of their parallel extmu, while
format on the business process performance, tteeggchas process cycle duration represents the time for abial
been modeled and simulated using two differentaies process flow.

In the first scenario, the as-is process as de=trib Performance quotient is an additional metric thmethées
interviews, workshops and documentations has beea better assessment of time and costs performanteeo
represented. In the second scenario, data manageyséam  process. It is calculated as the quotient of casts actual
and accordant process adjustments due to the néav darocess execution time.
format have been modeled. The overall duration haf t Simulation results show that process cycle duratfcthe
simulation was set to five years in working daythvld hours  to-be process is larger than in the as-is prodéss.is due to
per working day and 190 working days per year {gkdg the fact that the goal of process re-engineering twacreate
holidays and vacation time) for both scenariosivitgtcosts  a continuous process where the sub-processes ecated
were assigned according to the data elevatedervietvs. sequentially rather than parallel as it is the dasthe as-is

Hlupic [4] suggests a process for business procegsrocess. Nevertheless, execution time of the tprbeess is
simulation that consists of the following phaseatttvere by 19.59% shorter and costs by 17.83% lower thaheras-

also adopted in the presented research: is process. This effect is also reflected in thie-stocesses,
« Define modeling objectives; suggesting that simulation partners also benefinfrdata
« Decide on model boundaries; format standardization. The performance quotienthefto-
«  Collect and analyze data; be process is more than 88% higher than for the pmcess
«  Develop business process simulation model; indicating a more effective process flow.
e Test model;
. MOdel experimentation; TABLE I. RESULTS OF PROCESS SIMULATION
. Analyze output; KPI As-is process To-be process Delta(in%)
¢ Provide business process change recommendatiop®rocess 4d:00h:09min:20s |  6d:01h +55.12
Hlupic [4] suggests this proceeding for evaluatamd | cycle 52min:47s

decision support. Thus, the last phase is omitee ks the | duration

goal of the research is not recommendatory buterath Process 38d:07h:26min:43g  32d:04h: -19.59

exploratory. The modeling objective here is to doeut a gﬁfecu“on 25min:22s
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Process 25772 21176 -17.83
costs (MU)
Performance| 802 425 -88.41
quotient
(MU/ cycle
duration in
h)
Cycle time 1d:3h:45min:14s | 1d:02h: -11.9 (-8.88)
(costs): Join | (5937) 36min:04s

(5453)
Cycle time 7h:38min:27s 7h:06min:59s -8.03 (-9.52)
(costs): (3175) (2899)
Form
Cycle time | 4d:9min:20s 3d:48min:40s -29.44 (-
(costs): Dry | (13076) (10047) 30.15)
Cycle time 1d:28min:48s 6h:49min:26s -25 (-26.7)
(costs): (3583) (2828)
Crash

B. Discussion of Results

main manufacturing enterprise but also for the iserv
partners.

Results of the business process simulation showad t
the re-engineered
performance quotient due to both number of actisitand
cost reductions. Cost and time benefits are alssquhover
to simulation partners. This positive developmemst i
supported by the subsequential analysis of quality
measurements performed with the simulated parts fitee
as-is and to-be process as well as real-life pahisse results
provide insights that are crucial for managing alodirative

processes. They show that measurements performed on

virtually simulated parts in the to-be engineenmgcess are
more precise and allow insights into charactesst€ the
constructed parts that were not possible using diziaed in
the as-is process [8]. These research results eamséd to
assess the need for data standardization init&@tivéus,
future work will include a more extensive researoh
product costs and quality changes due to the dataat
standardization.

Nevertheless, limitations of the presented researeh

Business process simulation performed using busine®bvious: only one process has been analyzed ang onl

process modeling and simulation software was peddr

limited feedback from process management was detlec

here to assess the effect of process element chamge AISO. the effects on the role distribution in theogess as

process performance. Here, the context
engineering, which relies on data management acklagge
was analyzed. The goal of the to-be scenario wdgsmn a
continuous, sequential collaborative process faoraotive
parts simulation and thus to improve process perdoice.

of virtualvell as knowledge transfer that have been changedadthe

changed standard need to be explored in the fuésesarch.
Furthermore, future research need to include tladysis of
the use of semantic technology such as RDF or Os\hey
can provide an increased interoperability in calabve

Therefore, a data standard was developed to make ddfocesses and compare process performance diféeterioe
exchange and its use of the CAE more efficient Performance gains induced by the use of XML docueten

Subsequentially, processes of the actors neededbeto
and time consuming
its effect on process performancas w

adjusted. As this is a costs-

transformation,

here.
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