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Manufacturing as an industrial activity that starts with the conceptual project and ends
with proper material disposal or its reuse has evolved from a centralized to a distributed
process. The several components of the process are distributed according to space and
time. This evolution was possible due to the support of information technology, which
allows manufacturing data management. However, this evolution happened in an
independent way in each process phase, creating isolated solutions and consequently a
high heterogeneity in data management. The development of a Federative Factory Data
Management offers a solution of a transparent support to the users who need to obtain
information from different proprietary systems. As an example of a service that
demonstrates the possibility of federative management of manufacturing data in service
oriented architecture within a heterogeneous and flexible environment, this article
presents the estimated cal culation of the manufacturing time for a complex surface.
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Introduction

The manufacturing process has become a collaberatitivity
over the years and this process has been supploytebmputer
aided systems. From a collaborative activity, Hilit sentralized in
one production plant, the manufacturing processaimec a
distributed process, where each process phase eaxdruted by
different companies or persons. This evolution wassible thanks
to the information technology developments suppgrthe whole
management process.

Nowadays the manufacturing process uses multiplependent
systems, which generate a group of heterogeneots. dde
management of this complex group of data impliesagdifficulty
in interaction and little flexibility, since the mee data change
between systems is a challenge in itself.

One possible solution to this increasing compleista Service
Oriented Architecture (SOA), in which the stagestloé product
development chain requests services and receieesaghropriated
information, using appropriate languages and pa$oc

This paper shows a Web Service which makes an a&stimof
the manufacturing time as an example to demondfnatpossibility
of interaction of support systems given to manufaasy. The use of
an available Web Service without time or spaceim&ins is useful
in showing the functionality of the concept of astdbuted and
collaborative structure in a Service Oriented Atetture, where
each manufacturing phase is done by availablecEsin the Web,
resulting in distributed data management with Higkibility.

Manufacturing Complexity

According to Urbanic and ElMaraghy (2006), manufacig
can be understood as a group of relations amongrtutkict project,
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the materials, the production equipment and suppatems, or in
short, as a group of relations among the prodymiscesses and
resources. These elements and their connectioddfarent levels
lead to a scenario of complexity which can be atersd, partly, as
an association between the understanding and thagement of a
great group of information with much variety. Figut shows a
heuristic model of manufacturing complexity, intvogd by
Urbanic and EIMaraghy (2006) and composed of thbesic
elements: the quantity of information, the diversiof this
information, and its content, which is the measwnenof the effort
to achieve the desired result.
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Figure 1. Complexity Model (Urbanic and EIMaraghy, 2 006).
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The cause of this complexity can be attributed ke t
complexity of the product, which, according to Tualthe (2006),
has its origin in the explosion of variants dueatecustomization
process in mass. In the literature, most of theplerity is in the
great variety of information that must be manag&th(eich,
Schaffer and Scavarda, 2003) and which is intestsifiy the fact
that the data, which describe the product, the gsses and
resources to the manufacture are originated frdferéint sources
(Grabowski and Meis, 1997).
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The complexity in the manufacturing may have astdharee
negative consequences (Grabowski and Meis, 1997):
« Failure in product development integration;
« Loss of efficiency in the process;
* Problems of cooperation among the various actorthef
process.

These problems affect confidence and quality of fimal
product in such a way that pro-active actions mhesttaken to
manage the manufacturing data (Urbanic and EIMara2{006).

Manufacturing in its broader conception also comsidransversal
or external factors. This enlarges the number @rattions and also
the variety inserted in the process and at the dan®demands a
more coordinated performance from the systems rimtage this
information (Schwarzenbacher and Wagner, 2005).tharofactor,
equally important, is the consideration of legagstems, since
historically, manufacturing deals with autonomoystams which are
often chosen by operational and not strategicrai{®lasson, 2006).
These legacy systems must be incorporated intamdweufacturing
data management system, aggregating this informatidhe central
model.

Due to data generation through isolated systenterred factors
and legacy systems, the manufacturing activity shavigh degree
of complexity.

Heterogeneous Data Management

One of the reasons for manufacturing complexithésfact that
the data come from various sources, generated BcifEp
applications to each phase of the product develapridis leads to
the need for integration among heterogeneous dsgabavhich,
according to Sheth and Larson (1990) can be defaledg three
orthogonal axes: heterogeneity, due to the possiifeerent
interpretations; autonomy, due to the possibiliy éach application
to generate and manipulate the data; and distobutiue to the
location of the database components. The managewferihe
heterogeneous data can be done in three differexts wvith
different degrees of distribution, flexibility andhtegration, as
presented in Fig. 2.
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Figure 2. Data management models (Abeln, 1997; Mont  au, 1995; Pedersen, 2005).

The maintenance of the distributed data in isolagplications
keeps a high degree of distribution, and presettvesautonomy of
the data which can be manipulated independently dagh
application. The data of each isolated applicatios coupled in an
indirect way to the central model of the produchisTmodel has
little flexibility and a low degree of integratiadue to the implicit
couplings of Information Technology (IT) tools. tinis model there
is some difficulty in dealing with data of couplimystems, which
need a specific application for insertion into teaitral model.
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Another option is the choice of a totally integthteodel, where
data of the partial models are assembled into twral model,
generating a monolithic database. In this modetethie no data
distribution and the construction of the centraldelcoccurs through
direct links. Like the previous model, this one slo®t have much
flexibility, due to the fact that each change inagplication or in a
partial model implies the change of the central ehoahd also
presents some difficulty in dealing with legacytsyss. The high
degree of interaction permits complete controlhef system, but it
reduces the autonomy of each application to gemehat data that
belong to the application.

The intermediate solution between the two presemtedels
consists in enabling the distribution of the data isolated
applications, but the construction of the centraddel must be
executed through weak connections. Thus, the ctesistic of
autonomy to data management for each applicatikeps, and the
central model stays harmonic. This intermediateitgmt not only
keeps the independence of each application bunedd@s each part
collaborate with the whole according to its specifability
(Schwarzenbacher and Wagner, 2005).

This model allows data insertion of a legacy systera central
model only with the creation of an interface of aladjustment,
without the need to modify the model as a whole.

Due to these characteristics this model preserdgsgtieatest
flexibility ~without losing its integration and di#bution
characteristics. The implementation of this modskumes a
federative layer which is able to ask for inforroatito the
distributed databases making the interface betwien partial
models and the central model.

According to Abramovici and Bellalouna (2007), aldeative
data model is the solution to the integration af gartial models
that exist in the manufacturing activity, sincesgrves both the
distribution and the integration requirements wlk&eping a high
degree of flexibility.

Web Services

To access a federative system one can use the \AMefices
technology which is based on the construction off mpplications
through the combination of available services om Wieb so that,
together, they can achieve the desired goal. Tihi & construction
allows for the interoperability of the existing symis as well as for the
possibility of applications in real time (Filetd)@3).

According to Booth (2004), Web Services are defirmad a
software system that enables machine to machimgaiction in a
web and has an interface described in a formatclwitian be
interpreted automatically, specifically the WSDL €W Service
Description Language). The communication of otlystesms with a
Web Service occurs with a message through SOARJISI@bject
Access Protocol).

Web Services normally, but not necessarily, use Hi@P
protocol (Hypertext Transfer Protocol) with datscibed in XML
(eXtensible Markup Language).

The concrete implementation of a Web Service iserthtbugh
the message exchange between agents who belongseovize
requester, and a service provider, who provides réguested
response. The messages exchanged between theteecares the
provider varies from a simple datum to complex otge

The service provider is an entity which offers g&vice and
makes it available on the Web. The requester isrdity that wants
to make use of the functionality offered by thevider. To achieve
this, the requester sends a message to the prowigient and
receives another message with the response oétjuested service.

The effective communication between the servicemasle by
software agents, so the providers of a Web Senrieate this agent
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on the Web, which is allocated in a specific adsir@he access to
this address presents the access interface with ndmessary
information for the correct use of the availablevass through the
semantics description of the service.

This description contains the format of the message data
type, the communication protocol, the serializatinachanisms as
well as the site where the service will be avadgath the Web, this
whole description is made in WSLD which is basedha XML
format.

With this information, the service requester agreéth the
semantics and with the other characteristics ofatveglable service
and then can consume the service through requestde a Web
Service context, the semantics includes the expausafor the
service behavior, particularly in the responseeit snessages. To an
isolated Web Service the semantics issue is niohgortant, but in an
architecture based on services to a distributedeisysthe Web
Service semantics is essential to adapting theestdo the correct
response. While the service description represectintract between
parts, semantics represents the contract whichrgewbe meaning
and purpose making the automation of the serviossilple.

In general, the use of a Web Service occurs asmesin Fig. 3,
following the steps, which can or cannot be autaredt

1. the requester and the provider know each other;

2. the requester and the provider agree on the sersamtiich
will support the interaction;
the service description and the semantics are &@cu
the requester and the agent provider exchange gesssa
sending requests, processing them and receivipgmess.

3.
4.
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Figure 3. The general process of engaging a Web Ser

The messages exchanged by a Web Service use Sbgtet
Access Protocol (SOAP), which, although origingblsojected to
use HTTP as transport protocol, can run in othds pretocols such
as FTP (File Transfer Protocol), or SMTP (SimpleilMaansfer
Protocol). The SOAP protocol is extensible and vedladifferent
types of communication such as one-way, requepbrese or multi-
cast. Furthermore, SOAP is not linked to any laggueor
technology.

Therefore, Web Service technology serves the neefds
federative management of data, enabling data dfapanodels to
become accessible in real time and to be presenhancentral
model, while simultaneously, allowing for the auany of the local
management of specific data.

FEDMAN Proposal

Schiitzer et al.

Initiative on Manufacturing Technology. This resgarproject
proposes a layered structure to manage the dattedelto
manufacturing in a federative way with the use abA\5ervices for
the exchange of messages in XML through the SiOgiect Access
Protocol (SOAP).

The structure of the project, presented in Figs 4omposed of
four layers: front-end, federation, interface aadizend.

L ,~'j‘\
( ::' ) \%") Federation Layer
"'\:;r"a \%“;)\ Interface Layer

—
{\S_,_‘,',) Back-End Layer

Figure 4. FEDMAN proposal structure, adapted from (Anderl, Rezaei, S  chitzer

and Moura, 2009).

The back-end layer is responsible for the datateéldao the
collaborative process of manufacturing which aneegated locally
by the applications used in each of the phaseBi®frocess. Thus,
isolated applications are responsible for the @eatand
maintenance of the necessary data for this phaseexample, the
project data are generated and kept by projecesystaided by
computers. Once the data are generated by otheseghthey are
available through a specific application of theteys These data, in
XML format, are then available to tf&EpMAN system. Equally this
occurs with other isolated systems that compose dhaup
belonging to the manufacturing activity.

The data made available by the local applicatioaskapt on the
Web and can be accessed by services specificabted for this
objective. The Web Services serve a request madéebglient in
the front-end layer; however, it is distributedthg federative layer.
The Web Service collects the necessary data amt$ seresponse to
this request, and the complete exchange of messagesde in
XML. As a responsible agent for receiving the refjuand sending
the response, the Web Service has the capacitaméforming the
request asked by the client and adjusting the respaccording to
the data made available by the application.

The federative layer and the front-end layer agregated in a
browser which allows the manufacturing process marto manage
the process data, coming from the Computer AidediWecturing
(CAM) and Business Process Modeling (BPM) systeprsguct
data, coming from Computer Aided Design (CAD) syste and
resources data, coming from Enterprise Resourcamitlg (ERP)
and BPM systems. Since these data are generatedarated from
various isolated systems, they are heterogeneohs. ffont-end
layer has the functionalities of enabling data asce¢hrough
requests, which are presented in a matrix formating Product x
Process, Product x Resources and Process x Resource

The information flow proposed by tHeEDMAN project starts in
the front-end layer, where the client who wants ithformation on
the manufacturing activity planning makes the retju€his request
passes through the federative layer which make<hbee of the

The FEDMAN project, acronym for “Federative Factory Dataadequate services and sends them to the intedgee In this layer

Management (FFDM) based on Service Oriented Archite
(SOA) and Semantic Model Description on XML and R
Manufacturing Products”, is a research project,civtiielongs to the
BRAGECRIM program — Brazilian-German CollaboratResearch
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the service accesses the data made available bgpghiations in
the back-end layer and obtains the response todfeest. The
response is then sent to the federative layer wineliches the
results and presents them to the client in thetfeowl layer.
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machine producer or with practical experimentshieHeo, D. et al.
(2006) paper, a practical experiment was made terahne these

The structure in layers enables the users to wdtk Wigh parameters for a specific machine. Considering ghizedure as a
levels of complexity. In thé=EDMAN project the front-end and service, the final user may request a real estifiatthe machining
federative superior layers are grouped in a browsgch presents time starting from a cutter location data file geried by a CAM
the data related to the manufacturing process ¢osjistem user system. After the upload of the file and the cadtioh, the final user

FEDMAN Browser

and manages the access to Web Services which Erdéoabbtain
these data.

Figure 5 presents the functionality of tRebMaN project. The
partial domains, like CAD, CAM or BPM applicatiortbrough the

dedicated interfaces, release the data in conditioe used by the

system as a whole. For example, when the planmeiaers that the
product data are mature enough to contribute tosysem, he
delivers this version, sending the data to the Wielithe FEDMAN
project these data are always in XML.

P IIS Server Request

Parser
Extract

@
(=]

SOAP

i

FTP
<xml/>
’\ Envelope

Partial Domain

WEB

Figure 5. FEDMAN project functionality.

On the other side of the system, the planner reg@esision of
the product development opting for one of the thdsting visions:
Product x Processes; Product x Resources; and d3escex
Resources. The browser then establishes the lirits tve Web
Services through their descriptions, in WSDL, arehds an
information request through a message in SOAP.

The Web Service receives the message and actithies
adequate function to the requested service, armlifze available
information on the Web, extracts the pertinent datevelopes them
in a SOAP message and sends them back to the browse

Finally, the browser collects the information ob&d by the
services and presents them in a matrix, allowing tiser to
designate the links among the three reference #xesming
which parts of the product are related to whictoueses and with
which processes.

Web Service Application — Machining Time Estimate

Determining the real machining time is a key factorthe
process decision about cutting parameters and maghstrategies.
Very often there are no systems capable of estigdtie machining
time with enough precision due to the lack of effeobservation
equipment or tools, which are required to exactlgasure the
minimum federates. There are several papers ontdhis, which
present different strategies for estimating the hirang time (e.g.
Jong et al. (2009); So et al. (2007); Maropould30(®; Lai-Yuen
and Y.-S. Lee (2002); Monaro and Helleno (2010) &fed et al.
(2006)).

In this paper the Web Service method proposed hy éteal.
(2006) will be used to exemplify the federative aggeh in a
manufacturing scenario. In this method, the aca#ter and
deceleration distance are considered as showngn &iAs this
calculation takes into account intrinsic paramet@acerning the
machine to be used, it is necessary to get th@nmition with the

J. of the Braz. Soc. of Mech. Sci. & Eng. Copyright

0 2012 by ABCM

receives the response. However, based on the pslyicited
paper, it is possible to consider the dynamic imi@tion about the
machine in use, even before the finalization of themerical
Control (NC) programming of a part in a CAM system.

Heo et al. (2006) proposed a classification of Mié blocks in
four cases, as shown in Fig. 6. In the first cdSg.(6(a)) the NC
block is long enough to accelerate, stabilize aretebbrate;
therefore, the machining time can be calculate&dpy(1).

feed
F(i) F(i) F0) |y
Ful) FM(Fi)m=(i) Fm(i-1)
o/ oy i) et
time F(i)
(a) (b) (c) (d)
Figure 6. Four cases of feed rate behaviors (Heo et  al., 2006).

_FO-F(-1) FO-F0) A -8 =8y

t(i) _ 1)
acc acc F()
where:
t(i) = machining time for'l block [min];
F(i) =feed Rate foi'i block [mm/min];

Fn(i-1) = starting speed fof"iblock [mm/min] equals ending
speed of previous block;

Fu(i) = ending speed fol'iblock [mm/min];
acc = acceleration [mm/m

A, =block length for'f block [mml];

A,  =acceleration space fd? block [mm];
A,  =deceleration space fdf block [mm].

If the NC block is not long enough to accelerated an
decelerate, then the feed rate will not be achieved a different
maximum speed for the block must be calculated. Bloek in
this case has two sectors, one for acceleration arather for
deceleration, as shown in Fig. 6(b). The machirtinge for this
case is calculated by Eq. (2).

2F()-F.(i-D)-F,()
acc

t(i) = 2)

Some NC blocks are so small that a complete aat@eris not
possible (Fig. 6(c)) or there is a complete deegien (Fig. 6(d)). In
any of these cases, a new ending speed must heatatt and the
machining time is obtained following Eqgs. (3) addl (

t(i) :W 3)
t(i) = Fm(i _;-lc_ Fm(i) (4)
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To make the NC machining time estimate as a Webi&grit is
necessary to receive the NC program as a messagie,thre service
(i.e. the calculation of machining time) and thdiwdey of the
response (in this case the machining time) as asages To
calculate the estimated manufacturing time, two cgse of
information are needed: the NC program — in a Cliteation Data
file format, and the information about the programdhmadvance
speed, which normally is the maximum. For this, ¥deb Service
asks for the Cutter Location Data file and, indibis file, extracts
the information about the programmed advance speeelmessage
sent to the Web Service is in the form of a stavith the physical
location of the Cutter Location File, in this caspresenting a linear
interpolated tool path, and a string with the vdlimea text format)
of the programmed federate. With this informatidre tfile is
uploaded and then the coordinates of the pointedoh segment of
the linear interpolated tool path are read. In #oldj it is possible to
calculate the estimated machining time for a Cutmration Data
File, according to the structogram shown in Fig. 7.

The Web Service splits each NC block accordinghtoHeo et
al. (2006) classification criteria, and for eactsealetermines the
machining time. Afterwards the sum of all machintimges is made
in order to obtain the total machining time.

Time Machining Estimation

For i = 0 to number of blocks

block = normal Feed Rate

True False

Create a block object with
Rapid Feed Rate

Create a block object with
programmed Feed Rate

Block (0). startingVelocity = 0.0

For i = 0 to number of blocks

Determine the time machining for the i-th block

Block(i+1).startingVelocity = Block(i).endingVelocity

Total Time Machining = 0.0

For i = 0 to number of blocks

Total Time Machining += Block(i).timeMachining

Figure 7. Structogram for estimated machining time for a Cutter Location

Data File.

Figure 8 shows the structogram for the calculatibmachining
time for one NC block. First the ending speed iswdated and the
initial speed is assumed to be the ending speethefprevious
block. In principle the maximum speed for the bloik the
programmed federate. With these parameters it ssiple to find
the space needed to accelerate and deceleralte. bidck length is
long enough to accelerate and decelerate then|tolk bas three
sectors and the machining time can be calculatéter@ise, if the
block length is not long enough, a new maximum dpée
calculated according to Eq. (5).
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Machining Time Calculation for one NC Block

Fi = Fm (previous block) Starting speed

Fm = Fm (feedrate, angle) Ending speed

FM =Fm Maximum speed

AccSpace = (FM"2-Fm~"2)/2*acc

DeaccSpace = (FM "2 —-Fm " 2) * acc

Block Length > AccSpace +

DeaccSpace
True False
Block Type A New FM
New AccSpace
New DeaccSpace
AccSpace<>0 .AND.
n eaccSpace<>0
Machining True False
Time
Calculation Fm>Fi
Block Type B
True False
Machining Block Type C Block Type D
Time Machining Machining
Calculation Time Time
Calculation Calculation
Figure 8. Structogram for one NC Block Machining Ti  me.
2 2
. F (1+D)+F (
FM(|)=\/acc.Ai+ n( )2 (1) ®)
where:
Fu(@) = maximum speed fol'iblock [mm/min].

Nevertheless, some blocks are only long enouglecdelerate or
decelerate. When this occurs the acceleration spadeceleration
space is equal to zero, and the block is type @ @cceleration) or
type D (only deceleration), see Fig. 8.

The Web Service also provides functionality to #uel number
of blocks of each type described in Fig. 6 andttial number of
blocks in the cutter location data file.

The machining time estimation is made on an expariai
basis and is only valid for the machine tool usedtioese tests,
which consider the acceleration characteristic loé tspecific
machine. To extend this support to any machine toche shop
floor, it would be necessary to get the dynamicapeaters of the
machines. Also the machine tool producers could eveailable
this kind of service through a Web service, so BiG/programmer
with theFEDMAN application could use this service.

Final Considerations

This example of integration between CAD and CAMtsyss
made through Web Services presents a possibilitymfanaging
the manufacturing complexity in a distributed aralaborative
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environment. In the reality presented in this exlEEmpnachine
manufacturers of numeric controls and researchitinss,
among others, may offer services to be consumed tntally
independent way.

Although this is an example of only one servicés ipossible to
notice the intermediate level of autonomy and irgign as well as
the high degree of flexibility that a federatives®m can present.

The division into layers enables the system to fated with
no change in functionality, which can affect theolehsystem. It
enables the services here presented to be intdgrdtea complex
system as well as to offer adaption for the indosbf legacy
systems.

The federative management of manufacturing dataenvice
oriented architecture with the use of Web Servisesne of the
solutions to deal with the complexity of distribdt@anufacturing.

Acknowledgements

The authors thank the support of the “Coordenac&o
Aperfeicoamento de Pessoal de Nivel Superior” (C3Pthrough
the project BRAGECRIM #007/09 — “Federative Factddata
Management (FFDM) based on Service Oriented Archite
(SOA) and Semantic Model Description on XML and R
Manufacturing Products” for the realization of fhresent paper.

References

Abeln, O., 1997 Innovationspotentiale in der ProduktentwicklungaD
CAD-Referenzmodell in der Praxis”. Stuttgart: TeebWerlag.

Abramovici, M. and Bellalouna, F., 2007, “Integostiand Complexity
Management within the Mechatronics Product Develapth In Y. Takata,
Shozo And Umeda (Ed.)Advances in Life Cycle Engineering for
Sustainable Manufacturing Businesses, pp. 113-118, London: Springer
London. doi: 10.1007/978-1.

Anderl, R., Rezaei, M., Schitzer, K. and Moura, AA 2009, “A
Federative Factory Data Management Approach for Ititegration of
Product and Process Model#roduktDaten Journal, (2), pp. 49-53. ISSN
1436-0403

Booth, D., 2004, “Web Services Architecture”, W3Qokking Group.
Retrieved from http://www.w3.0rg/TR/2004/NOTE-ws:8r20040211/.

Fileto, R., 2003, “A abordagem POESIA para a irigfp de dados e servigos

na Web Semantica”, Doctoral Thesis, Universidadigdbial de Campinas.
Grabowski, H., and Meis, E., 1997, “Using ontolagier the Integrated
Product Model Development’. AAAI Tecnnical ReportS-97-06, 7.
Retrieved from www.aaai.org.
Heo, E.-Y., Kim, D.-W., Kim, B.-H., and Chen, F.RQ06, “Estimation
of NC machining time using NC block distributionr feculptured surface

J. of the Braz. Soc. of Mech. Sci. & Eng. Copyright

0 2012 by ABCM

machining”.Robotics and Computer-Integrated Manufacturing, 22(5-6), pp.
437-446. doi: 10.1016/j.rcim.2005.12.008.

Jong, W.-ren, Lin, T.-chun, Lai, P.-jung, Li, T.kehWu, C.-hsien and Li,
M.-yan, 2009, “Integration of Mold Design and Molanufacturing”, In
Proceedings of ANTEC 2009 Plastics: Annual Techn{@anference, pp.
1775-1780. Chicago, IL: Society of Plastics Enginegoi: 978-0-9753707-7-3

Lai-Yuen, S.K. and Lee, Y.-S., 2002, “Turn-Mill To®ath Planning
and Manufacturing Cost Analysis for Complex Partackining”, Industrial
Engineering Research (IERC) Conference. Orlando, FL

Maropoulos, P., 2000, “Integration of tool selentioith design Part 2:
Aggregate machining time estimationJournal of Materials Processing
Technology, 107(1-3), pp. 135-142. doi: 10.1016/S0924-0138(0688-9.

Masson, C., 2006, “SOA can light up manufacturiiig, IComputer
Weekly. Retrieved from http://www.computerweeklyno@vrticles/2006/11
/09/219795/soa-can-light-up-manufacturing-it.ntm.

Monaro, R.L.G. and Helleno, A.L., 2010, “Desenvoiento de um
indice de desempenho dinamico (IDDyn) para avaliagdd estratégia de
usinagem em magquinas-ferramentas”, IV Congressihalcde Engenharia
Mecanica (p. 16). Campina Grande.

Montau, R., 1995, “Fdderatives Produktdatenmanagenanhand

gemantischer Informationsmodellierung”, DusseldovDl Verlag. doi:

10.3929/ethz-a-001638863
Pedersen, S., 2005, “Interoperabilitdt heterogenfarmationsquellen
im Gesundheitswesen auf Grundlage von Standarddiélimedizinische”,
Kommunikation und Dokumentation Dissertation deidrsitat Oldenburg.
Schleich, H., Schaffer, J. and Scavarda, L.F., 2008anaging

complexity in automotive production”, ICPR International Conference on
Production Research. Valparaiso, Chile.

Schwarzenbacher, K. and Wagner, J., 2005, “Therk#éde Principle in
Business Architecture 2 Business Architecture: dfisand Reality”. In D.
Konstantas, J.-P. Bourrieres, M. Léonard and N. dimla (Eds.),
“Interoperability of Enterprise Software and Applions”, pp. 567-579.
Geneva: Springer. doi: 1-84628-151-2.

Sheth, A.P. and Larson, J.A., 1990, “Federated li2st@a Systems for
Managing Distributed, Heterogeneous, and Autononidatabases’ACM
Computing Surveys, 22(3), pp. 183-236. doi: 10.1145/96602.96604.

So, B., Jung, Y., Park, J. and Lee, D., 2007, “fixes machining
time estimation algorithm based on machine charisties”. Journal of
Materials Processing Technology, 187-188, 37-40. doi: 10.1016/j.
jmatprotec.2006.11.159.

Tudorache, T., 2006, “Employing Ontologies for amptoved
Development Process in Collaborative EngineerinBbctoral Thesis,
University of Berlin.

Urbanic, R.J. and ElI Maraghy, W.H., 2006, “Modelingf
Manufacturing Process Complexity”. In D.T. PhamAHEI Maraghy and
W.H. El Maraghy (Eds.), “Advances in Design”, Sgeén S., pp. 425-436.
London: Springer London. Retrieved from http://abi.drg/10.1007/1-
84628-210-1_35.

April-June 2012, Vol. XXXIV, No. 2/ 125



