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Abstract

In husiness theoty there ae no alitdle benefit evduation procedures for tools like EDM/PDM gydems. Another
probem isthe missing pocessorientation & well as aninadmissible mix of quantifiable and quditative benefits (f
they ae nat be een regected). Hence, theresults ae dfficult to amprehend (Schabacker 2001], [Bauer 1995]).

Because the benefits of tools and ther goplication in processes @an be found in the wholeprodud development, two
views, theprocess view and the tool view, have to be regarded. The economic proof d the pptimised) processes @n
be messured rathe essily using process throughput time, process msts, and process qudity (the recessay formua
and procedues ae descibed in [Schabacker 2001]). Compaed to the process view, the ecoromic poof of the
goplication o tools is vay dfficult @d even worse for EDM/PDM  gystems). Hence, a methad for benefits
recarding is necessary. There ae wo ways the dassid gproach o @sts quaity ad time, and a Gontrolling
goproach.
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1 Exiding Theories and Work

The drive to record bendits of tools is the classical requirements like less costs, qudity
improvement and reduced throughput time However, these requirements have diffaent
meanings in context with processes, procedures, methods and tools in product developmert, as
well in co-operaion with the austomeas. Thee are overlgppings because e.g. timereduction can
be transferred to cost reduction. Severd interpretations are possible because e.g. quality can be
product qudity, service quality, or staff quality (to be achieved by qudification). Also it hasto be
regaded that companies are structured in projects for the implementations of temporay plans.
Hence, six benefit categories were ddined in [Schabacker 2001]: staff environment, tool
gpplication, product quality, service qudity, process performence, and project paformance.
Exemplary benefits wae rdaed equaly to the angle benefit categories

In the singe berefit caegories for benefit evauaion, the benefits that can be quantified
completely by monetay means and benefits (where the quantification is possible but with
difficulties). These benefits are classified in so-calal bendit classes based on the VDI guiddine
2216 [VDI-Guiddine 2216]. The benefit class "synergy effects” extended the benefit classes,
which covers company internal and externa synergies. These five benefit classes can be
aranged as a portfolio. This portfolio is caled the Bendit Asse Pricing Model (BAPM®)
portfolio.

An aditional way to get the benefit categories was based on the resulting difficules tha
appeared not only during benefit recordng and evauaion but adso mostly in classica
Controlling [Schebacker 2001]. Therefore, new controlling methods had to be found. One of
these was the Baanced Scorecad [Kadan, Norton, 1997], which was creded originaly for
manufacturing. The Balanced Scorecard is able to give a financid value to product development,
processes in the company, staff know how, staff motivation as wdl as gaff flexibility, ad
customers loyalty, and new technologies, even then if these topics are not listed in a company
baance. The Baanced Soorecard was the unique new contrdling instrument tha focusses on



customers, staff, and processes. All other instruments focus only on one of these agpects like eg.
Totd Qudity Manegement on qudity. Moreove, the Baanced Scorecard goplied in product
devdopment, offe's the same six benefit categories (d. Figure 1) which can be derived by the
interpretaion of the original four Balanced Scorecard perspectives [Kaplan, Norton, 1997]:

* leaming and devdopment perspective
 staff perspective

* process perspective

 financia perspedive.
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Figure 1: Deivation of he benefit categories in product development and Balanced Scorecard

2 Bendit Aset Pricing Model (BAPM®)

BAPM® is a modd, which cacuates the monetary vaue of the bendit portfolio with
corresponding procedures and methods from the money marke. This portfdio consists of the
singe bendits, which ae linked to the respectivebenef it categories.

In analogy to the bendit portfolio, an investor creates an investment portfdio of money merket
stoks. The quantitative evaludion of these investments creates results unde yidd and risk
codes. Beside theyield and therisk, the liquidity of an investment has aso a meaning. Liquidty
is understood as the possibility to sl the transacted money investment a any time & fair prices.
Because an investor will not buy a single money market stock, he will split his money anong
sevad dternatives of investments in order to deaease the risk of individua stodks. He crestes
hisinvestment portfdio consisting of the asse classes stocks and bonds

The BAPM® model desaibed here is patly based on the Portfolio Sdection Modd of
MarkowmTz [Makowitz 1952], which provides away of reviewing quartitatively an investment
portfolio. Following MaRkowTZ, stock investments are to be determined at the invested money



to such an extent, that the set of the feasible portfolios can be reducal to the set of efficient
portfolios. Indeed, an investor will have to decide himself for an efficient portfolio, which is the
optimal portfolio for him. In dependence of the Portfolio Selecion Modd of MarRkowiTz, the
possbility of an investment into ariskless bond is assumed. Findly, the bendit! is maximised
withthe hdp of abendit function [ Auckenthae 1994].

Thismeansfor the benefits inthe bendit portfolio, that

the evauaion of the different benefits of an investment corresponds to the evauation of
thedifferent yidds of a money marke investment,

risk is understood as "a danger for the bendit portfolio respedively for the investment
portfolio to miss an expected yield" [Auckenthale 1994]. For the quantification of the
bendits two views emergefor the term "risk". On the onehand, there is therisk, whether
theindired bendits of the new technologies will appear at the desired size at other aress
of the Engineering or na. On the other hand, thereis the uncertainty respedively the risk
to evauatethe yield exactly. In both cases, there are two possbilities for caculating the
risk on the money market In the fird case the shartfal risk [Leibowitz, Henrickson,
1988 with the gpproach of the shortfal probability, and in the second case the deviation
of expected yields in form of entrance probabilities expressed by the so-called voldility
[Steiner, Bruns, 1996,

the liquidity of the different benefits is evauated by the portfolio yield o the Portfolio
Sdection Mode of Markowitz,

quartifiable bendit classes correspond to cash or zerdbonds from money market
investments. They offer a secure source of income (e.g. interests, dividends), i.e. the yidd
can be caaulated with the formulae from the investment theory in a Smple way [V gna,
Schabacker, 1997],

bendit classes that are quantifiable with dfficulties correspond to gocks or bonds at
money markd investments They offer a very uncertan source of income during ther
term i.e. the yield is affected by dements of uncertainty and it is caculaed with the help
of the shortfall probability [Vana, Schebacker, 1997].

Further details and the result of the proof (cf. Teble 1) that this portfolio is similar to a portfolio
in the money market containing stocks bonds cash, and zerdbonds, are shown in [ Schabacker

2001].

Bendit Classes Money Marke Invetments
Directly quantifiable benefits Cash

Directly quantifiable with difficulty benefits Domestic Bonds

Indirectly quantifiable benefits Zerobonds

Indirectly quantifiablewith difficulty bendfits Domestic Socks

Synergy dfects Foregn Bonds

Table 1: Banefit Classesvs. Money Market Investments

' In the Modern Partfolio Management Theory the tarm bendit maks a @mpromise between yidd am and

saday am: The larger heredizable yiddof theinvestad money is, he smdler isdso he joined sfety to gt bak
themoney without loss [Auckenthd e, 19%4].



Hence the portfolio theory of Markowitz [Markowitz 1952] as well as methods and procedures
for yidd and risk evaduation of money markd invesments can be gpplied on the bendit

evdauation.

For the evduation of benefits the fdlowing optimisation problem of the efficient portfolio has to
be solved:

min zwf*of 2%y YWrWrCOV(RR) (1)
=1

=1 i=1
with the constraints

n

ZW*E z =1,w >0,0i=1...p,

whereby

E(RP) = expected partfolio yidd,

E(R) = expected yield of the ith benéfit,

W, = partof thebendit i within the portfolio,

n = number of the existing benefits inthe portfolio.

M aRKowITz messures the expected portfolio risk with the help of the variance o, which is
known as the deviation measurefrom gatistics. For the varianceof thesingle yields emerges

130 -5 Lo 1
:EZ DE(Rk)—u% di=1...,n Wlthuzaz R,
k=1 k=1
For the covariance emerges

62=COV(R.R) =E{[R - ER)[R - E(R)[} 0i.j=1...nwithi#]

The yidds for the single benefits can be evaluated by farecast procedures of the money market.
These procadures are derivative finance products like e.g. options and futures, which are used for
the hedging of individud stocks. The knowledge tha was gained from these procedures can be
transformed analogously to the bendit development of an investment. Findly, the portfdio yield
can be calaulated.

It is shown that this portfolio is similar to a portfolio in the capitd market containing shares,
bonds, and zerdbonds. Hence the portfolio theory of Makowitz [Markowitz 1952] as well &
methods and procedures for yied and risk evauation of capitd market investments can be
gpplied onthe bendit evduation.

For predicting and measuring costs and benefits of process improvements and tool application an
evauating tool called PILOT Reviewer was implemented. In a fird step, this evauating tod
based on BAPM® [ Schabacker 2001] is intended to measure benfits of processes and tools (e.g.
CAD, EDM/PDM), in a second step benefits of methodswill be included. ThePILOT Reviewer
contains the bendits of the tools which were applied during processes and activities. Further
information of cogs and throughput time are adso available. In order to apply the BA PM®
context with thePILOT Reviewer the following procedure is recommended:

Theinformaion of applied methods and tools the used time and costs dtogether are transferred
into the BAPM® module. In BAPM® benefits are classified in benefit categories and in berefit
classes. To get the individua yield of each benefit class, each benefit in each class has to be
evduated. The gplication of the portfolio theory of Markowitz results in the respective yield-
and-risk-portfolio of each bendit class. Applied for the second time, the portfolio theory of
Markowitz now delivers the yield-and-risk-partfolio of the wholebenefit portfolio.



The output of the benefit evaluation is placed in an Intanet Browser window (details shown in

Figure2).
. Input s PILOT Reviewer . Output
PILOT Reviewer based on BAPM® PILOT Reviewer
Classification of benefits Yield of the process
Input of in benefit categories

Costs

Selection of the tools

Classification of benefitdn
benefit classes portfolios

portfolio yieldin
the total portfolio

Profit of the process
Risk of the process

Monetary evaluation
of the benefit classes

eg. [caAA Evaluation of single yields Monetary evaluation of
4 CAD of the benefits the benefits appropriate
4 CAE its evaluationin the
M cam ) benefit classes
0 CAP Evaluation of the _
O CAQ portfolio yields of the Monetary evaluation of
0 benefit classes portfolios the benefit categories
o EISA‘N'\I/}PDM appropriate of the
o KBS . monetary evaluation of

Evaluation of the

the benefitsin the benefit
categories

Figure 2. Sftware goproach of BAPM®in ALOT Reviewer

3 Resmrch Approach

Mostly it is not enough to regard only the benefits of an EDM/PDM systam. In order to get better
resuts of benefit evauetion it is necessary to look on the function level of these systems. This
has the advantage that ssverd EDM/PDM systems can be compared with each otha. The first
step is to do a benchmark to create a function list with different fundion caegories, eg.
Geometry Management, Drdting Management, Change Management, Relesse Management
(Input 1 in Figure 3). After thet al functions are linked with andytica curves and their expeded
maxima yidd after 5 years. Findly, the PILOT Reviewer could be gpplied. This procedure is a
quidk method to compare severd EDM/PDM systems but it says nothing about the strength and
weskness of a EDM/PDM systemin the whole product development process Hence it has to be
regaded the process (Input 2 in Figure 3).

A process is a set of process dements or subprocesses for solving a task. A subprocess is a
subset of aprocess and is also aset of process elements or other subprocesses. A proaoess elanent
desaibes an activity respectively of one or severd working steps. It is started by one or severd
events and ends in one o severd events. The single prooess daments (activities) ae sef-
contained in content, and they are in alogica cortext to each other [V DI-Guddine 2219]. Their
desaiption is based on a defined structure so that they are suitable dso for the gpplicationin a
computer-aided system [Vagna, Freisleben, Schabacker].

Afte identified the process dements of gpplying an EDM/PDM sysem the process eements are
linked with the belonging functions (Input 3 in Figure 3). Findly, the PILOT Reviewer can be
applied for each process eement. Theresult of each process dement isthe yied and risk.

To summarise, theprocess model of EDM/PDM evauation is shown in Figure 3.
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Figure 3: Rocess Model of EDM/PDM Evaluation

4 Findngs

In FHgure 4 a result of a “synthetic’ EDM/PDM process (thet is it is no company spedfic
process) consisting of five process dementsis shown asan exanpleinthe PILOT Reviewe.

3 Reviewer(sT) Ergebnis - Microsoft Internet Explorer
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»
Adopted Costs of the EDMPDM Process 20000.00 € R wW
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Portfolio Risk 349%
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| process element No.l | 16000.00 £ 1097 % 293%| 1755.11€| 17755.11 €
| processelementNo.2 | 16000.00 € 1097 % 293%| 1755.11€] 17755.11€
| process elementNo.3 | 16000.00 £ 9.86% | 278%|| 1577.44€| 1757744 €
| processelementNod | 16000.00 € 1288 % 194% 2060.15€| 13060.15€
| process elementNo.5 | 16000.00 £ 14.38%| 0.00%| 230081€| 18300.81€
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Figure 4: Review of Rroocess Hements



Thefirst part of Figure4 shows theadopted costs of applying EDM/PDM, the portfolio yield and
risk of EDM/PDM functions in the whole Engineering process and the monetary vaue of the
effect of the functions under the consideration that eech fundion wes regarded exactly onetime.

The second part of Figure 4 shows the respedive results for each process dement. Functions are
now regarded sevad times along the process.

Thethird part of Figure4 shows theweighted pats of each process elemernt in acirclegraph.

Optionally, a detailed function list can be shown for each process eement. The detdls can be the
weighted pat of the function within a process dement and/or the monetary vdue of the effect of
this function.

In this evduation a function was regarded exactly one time in aprocess dement. Of course it is
often the case that a function will be applied seved times. So it is useful to caculate so-called
bendit multiplie's for each process e ement as shown in Figure 5. It is estimated the applying of
fundions within a process dement. The bendit multiplier of a process eement is evauated as
follows:

n

benefitmultiplier, ,cceiemenno; = - j=1..m
with
n = number of dfferent fundions gpplied withinin a process element
m = number of process dements
a = number how many times acertain function is used
f = gpplied functioni within ina process eement

Afte cacuating the bendit multiplies these are multiplied with the portfolio yields of the
process elaments. The result of a “syntheticc EDM/PDM process can be seen in Figure 5
whereas it was supposed that the costs would not change.

benefit multiplier
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Figure 5. Review of Rrocess Elementsin Roduct Development

This approach made a better understanding in investments like EDM/PDM in product
devdopment process.




5 Conduson

Basad both on engneering processes by using generd process dements in aholistic engineering
process modd and on the evaduaion of these processes and ther tools, this contribution should
motivate the discusson with othe groups deding with similar approaches Also it should
increase the accumulated experience of forecasting the best possble way of goplying new
technologies in Enginesring. The PILOT Reviewer is linked to a huge database filled with
fundions (and their assessment) for the mog tools applied in Engineering. Also itis possble o
compare different competing tods or different verdons of one tool in the sane gpplication area
(e.g EDM/PDM sydems). So it mekes sense to take the "best” values of functions in this area to
crede a rderence system for future EDM/PDM Metamodels. Findly, the weightings of the
fundions to each other are known by the portfolio theory of MarRkomTz. Thet means in the
future that BAPM® can be extended to abenfit evduation index in andogy to stock indices (e.q
STANDARD & PoOR's Index (S& P 500), DEuTSCHER AKTIENINDEX (DAX)).
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