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Ab s tract

In bus i nes s theory there are no sui t abl e benefi t  eval uat ion procedures  for tool s  li ke EDM / PDM  syst em s .  Anot her
probl em  is  t he mis s i ng proces s  ori entat i on as  wel l  as  an i nadm i ss i bl e mi x of quant i fi abl e and qual i t at i ve benefi t s  (if
t hey are not  be even negl ect ed).  Hence,  the res ul t s are di ffi cult  to com prehend ([S chabacker 2001], [B auer 1995]). 

B ecaus e the benefi t s  of t ool s  and thei r appli cat i on in proces s es can be found in the whol e product  developm ent , two
vi ews ,  the process  vi ew and the tool  vi ew,  have to be regarded.  The econom i c proof of the (opt i m is ed) proces s es can
be meas ured rat her eas i ly us i ng proces s  throughput  ti m e,  proces s  cos t s ,  and proces s  qual i t y (t he neces s ary form ul a
and procedures  are des cri bed in [S chabacker 2001]).  Com pared to the proces s  vi ew,  the econom i c proof of the
appli cat i on of tool s  is  very diffi cult  (and even wors e for EDM / PDM  sys tem s ).  Hence,  a met hod for benefi ts 
recordi ng is  neces s ary.  There are two ways:  the cl as s i cal  approach of cos t s,  qual it y and ti m e,  and a Cont rol li ng
approach. 

K eyword s 

Evaluat i ng EDM / P DM  Sys t em s ,  Benefi t  Eval uat ion,  Funct i on Eval uati on

1 E xi st i ng Theor i es and Wor k

The dr ive to r ecor d benef its  of tools is  the clas s ical r equir ements  like les s cos ts , quality
impr ovement and r educed thr oughput time. H ow ever , thes e r equir ements  have dif f er ent
meanings in context with pr oces s es , pr ocedur es , methods, and tools  in pr oduct development, as 
w ell in co-oper ation w ith the cus tomer s . Ther e ar e overlappings  becaus e e.g. time r eduction can
be tr ans f err ed to cos t reduction. S ever al inter pr etations ar e pos s ible because e.g. quality can be
pr oduct quality, s er vice quality, or  s taf f  quality ( to be achieved by qualif ication). A ls o it has to be
r egar ded that companies  ar e s tructur ed in projects  f or  the implementations  of tempor ar y plans .
H ence, s ix benef it categor ies  wer e def ined in [ S chabacker  2001] : s taf f  envir onment, tool
application, pr oduct quality, s er vice quality, proces s  per f or mance, and pr oject per f or mance.
Exemplary benefits  w er e r elated equally to the single benef it categor ies.

I n the s ingle benef it categor ies  f or  benef it evaluation, the benef its  that can be quantif ied
completely by monetar y means  and benef its  ( w here the quantification is  poss ible but w ith
dif ficulties ) . Thes e benef its ar e clas s if ied in so- called benef it clas s es  bas ed on the V DI  guideline
2216 [ V D I - Guideline 2216] . The benef it clas s " s ynergy ef fects "  extended the benef it clas s es,
w hich covers  company inter nal and exter nal syner gies . Thes e f ive benef it class es  can be
ar r anged as a portf olio. This por tfolio is called the Benefit As s et Pr icing M odel ( BAP M ®) 
por tf olio.

A n additional w ay to get the benef it categories  w as bas ed on the r es ulting dif f iculties  that
appeared not only dur ing benef it r ecor ding and evaluation but als o mos tly in clas s ical
Contr olling [ S chabacker  2001] . Ther efor e, new  contr olling methods  had to be found. One of 
these w as  the Balanced Scor ecard [ K aplan, N or ton, 1997] , w hich was  cr eated originally f or 
manuf actur ing. The Balanced S cor ecar d is  able to give a financial value to product development,
pr oces s es  in the company, s taf f know  how , s taf f  motivation as  w ell as  staf f  flexibility, and
cus tomer s  loyalty, and new  technologies , even then if  thes e topics  ar e not lis ted in a company
balance. The Balanced S cor ecar d w as  the unique new  contr olling ins tr ument that f ocus s es  on



cus tomer s , s taf f , and proces s es. A ll other  ins tr uments  f ocus  only on one of  thes e aspects  like e.g.
Total Q uality M anagement on quality. M or eover , the Balanced S corecar d applied in pr oduct
development, of f er s  the s ame s ix benef it categories  ( cf . F igur e 1)  which can be der ived by the
inter pr etation of the original f our  Balanced S cor ecar d per s pectives  [ Kaplan, N or ton, 1997]:

• learning and development per s pective

• s taff  per s pective

• pr oces s  pers pective

• f inancial per s pective.

Benefit Categories
in the Product Development

Balanced Scorecard
in the Manufacturing Process
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Fig ur e  1 : Der iv a tion  of  th e  be n ef it ca te g o r ies in  pro d u c t de v e lo pm e n t and  Ba la n c e d  Sc o r e c ar d 

2 Benef i t  Asset  Pr ici ng Model  (BAP M® ) 

BA P M® is  a model, w hich calculates  the monetar y value of the benef it portf olio w ith
cor res ponding pr ocedur es and methods  f r om the money mar ket. This por tf olio cons is ts  of  the
s ingle benef its , w hich ar e linked to the r espective benef it categor ies .

I n analogy to the benef it portf olio, an inves tor  creates  an inves tment por tf olio of  money mar ket
s tocks . The quantitative evaluation of  thes e inves tments  cr eates r es ults  under  yield and r is k
codes . Bes ide the yield and the r is k, the liquidity of  an inves tment has  als o a meaning. Liquidity
is  under s tood as  the poss ibility to sell the tr ans acted money inves tment at any time at f air  pr ices.
Becaus e an inves tor  w ill not buy a s ingle money mar ket s tock, he w ill s plit his  money among
s ever al alter natives  of  inves tments  in or der to decr eas e the r isk of  individual s tocks . H e cr eates 
his  inves tment por tf olio cons is ting of  the as s et clas ses  s tocks  and bonds.

The BA P M ® model des cr ibed her e is par tly bas ed on the P or tf olio Selection M odel of 
M ARKOWI TZ [ M ar kow itz 1952], w hich pr ovides  a way of  review ing quantitatively an inves tment
por tf olio. F ollowing M ARKOWI TZ, s tock inves tments  ar e to be deter mined at the inves ted money



to such an extent, that the s et of  the f eas ible por tf olios  can be r educed to the s et of  efficient
por tf olios . I ndeed, an inves tor  w ill have to decide hims elf  f or  an ef f icient portf olio, w hich is  the
optim al portf olio f or  him. I n dependence of  the P ortf olio S election M odel of  M ARKOWI TZ, the
pos sibility of  an inves tment into a r is kles s  bond is  as s umed. F inally, the benef it1 is  maximised
w ith the help of  a benef it f unction [ A uckenthaler  1994] .

This means  f or  the benefits  in the benef it portf olio, that

• the evaluation of the dif f er ent benefits  of  an inves tment cor r esponds  to the evaluation of 
the dif f er ent yields  of  a money mar ket inves tment,

• r is k is  under s tood as  " a danger f or  the benef it portf olio r es pectively f or  the inves tment
por tf olio to mis s an expected yield"  [ A uckenthaler  1994] . F or  the quantif ication of  the
benef its  two views  emer ge f or  the term " r is k" . O n the one hand, ther e is  the r is k, whether 
the indir ect benef its  of the new  technologies  w ill appear at the des ir ed s ize at other  ar eas 
of  the Engineer ing or  not. O n the other  hand, ther e is  the uncertainty r es pectively the r isk
to evaluate the yield exactly. I n both cas es, ther e ar e tw o pos sibilities  f or calculating the
r is k on the money mar ket: I n the f ir st cas e the s hor tf all r is k [Leibow itz, H enricks on,
1988]  w ith the appr oach of  the s hor tfall pr obability, and in the s econd cas e the deviation
of  expected yields  in f or m of  entr ance pr obabilities  expres s ed by the so- called volatility
[ S teiner , Br uns , 1996] ,

• the liquidity of  the diff er ent benef its  is  evaluated by the por tf olio yield of  the Por tf olio
S election Model of  M ar kow itz,

• quantif iable benef it clas s es  cor r es pond to cas h or zer obonds  fr om money market
inves tments. They of f er  a s ecure s ource of  income (e.g. inter es ts , dividends ), i.e. the yield
can be calculated w ith the f or mulae fr om the inves tment theor y in a simple way [ V ajna,
S chabacker , 1997],

• benef it clas s es  that ar e quantif iable w ith dif f iculties  cor r es pond to stocks  or  bonds  at
money mar ket inves tments. They of f er  a ver y uncer tain s our ce of  income dur ing their 
ter m, i.e. the yield is  af f ected by elements of  uncer tainty and it is  calculated w ith the help
of  the s hortf all pr obability [ Vajna, S chabacker , 1997].

F ur ther  details  and the r es ult of  the pr oof  ( cf . Table 1) that this  portf olio is  s imilar  to a portf olio
in the money mar ket containing s tocks, bonds, cas h, and zer obonds , ar e s how n in [ S chabacker 
2001] .

Be nef it   Classe s Mo ney  Ma r  ket  Inv est me nt s

D ir ec tly  qua n tif  ia b le  ben e f its Ca sh

D ir ec tly  qua n tif  ia b le  with  dif fic u lty be n e f its D o m estic  Bon d s

I n d ir e c tly  q u a n tif  ia b le  b e n e f its Z e r ob o n d s

I n d ir e c tly  q u a n tif  ia b le  w ith  dif f  ic u lty  be n ef its D o m estic  Sto c k s

Sy n er g y  ef fe c ts Fo r eig n  Bo nd s

T a b le  1: Ben e f it Cla sse s vs.  Mon e y  Mar k e t Inv e stm e nts

                                                

 1 In the Modern Port fol i o Managem ent  Theory the term benefi t  marks  a com prom is e bet ween yiel d ai m and
s afet y ai m : The larger the reali zabl e yi el d of the i nves t ed money is ,  the sm all er is al s o the joi ned safet y to get  back
t he m oney wi t hout los s  [Auckent hal er,  1994]. 

 



H ence the por tf olio theor y of  Mar kow itz [ M arkow itz 1952]  as  w ell as  methods  and pr ocedur es 
f or  yield and r isk evaluation of  money mar ket investments can be applied on the benef it
evaluation.

F or  the evaluation of  benef its  the f ollow ing optimis ation pr oblem of  the ef f icient por tf olio has  to
be solved:

min wi
2 * σ i
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E RP( ) = wi * E Ri( )
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w hereby

E RP( )  =  expected por tf olio yield,

E Ri( )  =  expected yield of the ith benef it,

wi =  par t of  the benef it i w ithin the por tf olio,

n =  number  of the exis ting benef its  in the portf olio.

M ARKOWI TZ meas ur es  the expected por tf olio r is k w ith the help of  the var iance σ2 , w hich is 
known as  the deviation meas ur e f r om statis tics . F or the var iance of  the s ingle yields  emer ges 
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F or  the covar iance emer ges 

σ ij
2 = COV(Ri ,Rj ) = E Ri − E Ri( )[ ] Rj − E Rj( )[ ]{ } ∀i , j = 1,...,nwith i ≠ j

The yields  f or  the s ingle benefits  can be evaluated by f or ecas t pr ocedur es  of the money market.
These pr ocedur es  ar e derivative f inance pr oducts  like e.g. options  and f utur es , w hich ar e us ed f or 
the hedging of  individual s tocks . The know ledge that w as  gained f r om thes e procedur es  can be
tr ans f or med analogous ly to the benef it development of  an inves tment. F inally, the por tf olio yield
can be calculated.

I t is  s how n that this  por tf olio is  s imilar  to a portf olio in the capital mar ket containing s har es,
bonds , and zer obonds . H ence the portf olio theor y of  M arkow itz [ M ar kow itz 1952]  as  w ell as 
methods  and pr ocedur es  for  yield and r is k evaluation of  capital mar ket inves tments  can be
applied on the benef it evaluation.

F or  pr edicting and meas ur ing cos ts  and benefits  of  pr ocess  impr ovements and tool application an
evaluating tool called PI LO T Review er w as  implemented. I n a f ir st s tep, this  evaluating tool
bas ed on BAP M ® [ S chabacker  2001]  is  intended to meas ur e benef its  of pr oces s es  and tools ( e.g.
CA D , ED M /P DM ) , in a s econd s tep benefits  of  methods  w ill be included. The P I LO T Reviewer 
contains  the benef its  of the tools  w hich w er e applied dur ing pr oces s es  and activities . F ur ther 
inf or mation of  costs  and thr oughput time ar e als o available. I n or der  to apply the BA P M ® in
context w ith the P I LO T Review er the follow ing pr ocedur e is  r ecommended:

The inf or mation of  applied methods  and tools, the us ed time and cos ts  altogether  ar e tr ans fer r ed
into the BAP M ® module. I n BA P M ® benef its  ar e clas s if ied in benef it categor ies  and in benef it
class es . To get the individual yield of  each benef it class , each benef it in each clas s  has  to be
evaluated. The application of  the portf olio theor y of  M arkow itz r es ults  in the r es pective yield- 
and-r is k- por tf olio of  each benef it clas s . A pplied for  the s econd time, the portf olio theor y of 
M ar kow itz now  deliver s  the yield- and-r is k- por tf olio of  the w hole benef it por tf olio.



The output of  the benef it evaluation is  placed in an I nter net Brow s er  window  ( details  s how n in
F igur e 2) .
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Fig ur e  2: So f tw a re  ap p r oa c h  of  BA PM ® in  PI L OT  Re v iew e r 

3 Resear ch Appr oach

M os tly it is  not enough to r egar d only the benef its of  an ED M /P DM  s ys tem. I n or der  to get better 
r es ults  of  benef it evaluation it is  neces s ary to look on the f unction level of  thes e s ys tems . This 
has  the advantage that sever al ED M /P DM  s ys tems  can be compar ed with each other . The f ir s t
s tep is  to do a benchmark to create a f unction lis t w ith dif f er ent f unction categor ies , e.g.
G eometr y M anagement, D r af ting Management, Change M anagement, Releas e M anagement
( I nput 1 in F igure 3) . Af ter  that all f unctions  ar e linked w ith analytical cur ves  and their expected
maximal yield af ter  5 year s . F inally, the P ILO T Review er  could be applied. This  pr ocedur e is  a
quick method to compar e s ever al ED M /PD M  s ys tems  but it s ays  nothing about the s tr ength and
w eaknes s  of a EDM /P D M  sys tem in the w hole pr oduct development pr oces s. H ence, it has  to be
r egar ded the pr oces s  ( I nput 2 in F igur e 3) .

A  pr oces s  is  a s et of  pr oces s  elements  or  s ubpr oces s es  f or  s olving a tas k. A  s ubpr oces s  is  a
s ubset of  a pr oces s  and is  als o a s et of  pr oces s  elements or  other  s ubpr oces s es . A  pr oces s  elem ent
des cr ibes  an activity r es pectively of one or s ever al w or king s teps . I t is  s tar ted by one or s everal
events  and ends  in one or  s everal events . The s ingle pr oces s  elements  (activities )  ar e s elf- 
contained in content, and they ar e in a logical context to each other  [V D I - G uideline 2219] . Their
des cr iption is  bas ed on a def ined s tructur e s o that they ar e s uitable als o f or  the application in a
computer - aided s ys tem [ Vajna, F r eis leben, S chabacker ].

A f ter  identif ied the pr oces s  elements of  applying an ED M /P D M  s ystem the pr oces s  elements  are
linked w ith the belonging f unctions  (I nput 3 in F igur e 3). F inally, the P I LO T Reviewer  can be
applied f or each pr oces s element. The r es ult of  each pr oces s  element is the yield and r is k.

To summar ise, the pr ocess  model of  EDM /P D M  evaluation is  s how n in F igure 3.
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Fig ur e  3: Pr o c e ss Mo d e l o f  ED M /PD M  Eva lu a tion 

4 F i ndi ngs

I n Figur e 4 a r esult of  a “s ynthetic” ED M /P DM  pr oces s  ( that is  it is  no company s pecif ic
pr oces s )  cons is ting of  five pr oces s  elements is  s how n as  an example in the P I LO T Review er .

Fig ur e  4: Re v ie w  o f  Pr o ce ss Elem e n ts



The f ir s t par t of F igur e 4 s hows  the adopted cos ts  of  applying ED M /P D M , the por tf olio yield and
r is k of  ED M/P D M  functions  in the w hole Engineer ing pr oces s  and the monetar y value of  the
ef f ect of  the f unctions  under the cons ideration that each f unction w as  r egar ded exactly one time.

The s econd par t of  F igure 4 s how s  the r es pective r es ults  f or  each proces s  element. F unctions  are
now  r egar ded s ever al times  along the pr ocess .

The thir d par t of F igur e 4 s hows  the w eighted par ts  of each pr oces s  element in a cir cle gr aph.

O ptionally, a detailed function lis t can be s how n for  each pr oces s  element. The details  can be the
w eighted par t of  the f unction within a pr oces s  element and/or  the monetar y value of  the ef fect of
this f unction.

I n this  evaluation a f unction was  r egar ded exactly one time in a pr ocess  element. O f cour s e, it is 
of ten the cas e that a f unction w ill be applied s ever al times . S o it is  us ef ul to calculate s o- called
benef it multiplier s  f or  each proces s  element as  s how n in F igur e 5. I t is  es timated the applying of 
f unctions  within a pr oces s  element. The benef it multiplier  of  a pr oces s element is  evaluated as 
f ollow s :

benefitmultiplierprocesselementNo. j =
afi

i=1

n

∑
n

, j =1,...,m

w ith

n = number  of  dif f er ent f unctions  applied w ithin in a pr oces s element

m = number  of  pr oces s elements 

ai = number  how  many times  a cer tain f unction is  us ed

fi = applied f unction i w ithin in a pr oces s  element

A f ter  calculating the benef it multiplier s  these ar e multiplied w ith the por tf olio yields  of  the
pr oces s  elements . The r es ult of a “s ynthetic” ED M /PD M  pr oces s  can be s een in F igur e 5
w hereas  it w as  s uppos ed that the cos ts  w ould n ot  change.
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Fig ur e  5: Re v ie w  o f  Pr o ce ss Elem e n ts in  Pr o du c t De ve lo p m en t

This appr oach made a better  under s tanding in inves tments  like EDM /P D M  in pr oduct
development pr oces s .



5 Concl usi on

Bas ed both on engineer ing pr oces s es  by us ing gener al pr oces s  elements  in a holis tic engineer ing
pr oces s  model and on the evaluation of  thes e pr ocess es  and their tools , this  contr ibution should
motivate the dis cus sion w ith other  gr oups  dealing w ith s imilar  appr oaches. A ls o it s hould
increas e the accumulated exper ience of  f or ecas ting the bes t pos sible w ay of  applying new 
technologies  in Engineering. The P I LOT Review er  is  linked to a huge databas e f illed w ith
f unctions  (and their  as ses s ment)  f or  the most tools applied in Engineering. Als o it is  pos sible to
compar e diff er ent competing tools  or  dif f er ent ver sions  of  one tool in the s ame application ar ea
( e.g. ED M /PD M  s ystems ) . S o it makes  sens e to take the " bes t"  values  of  f unctions  in this  area to
cr eate a r ef er ence s ys tem f or  futur e ED M /P D M M etamodels . F inally, the w eightings  of  the
f unctions  to each other  ar e know n by the portf olio theor y of  M ARKOWI TZ. That means  in the
f utur e that BA P M ® can be extended to a benef it evaluation index in analogy to s tock indices  ( e.g.
S TANDARD & P OOR'S I ndex ( S &P 500) , D EUTSCHER A KTI ENI NDEX ( D AX ) ) .
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