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1. Introduction

Thc dcmands in roday's sotiware indusrry, such as
lhoft lead tiDe. frequent introduction of Dew te.h
noloeies. increasing applicrrion complcxity. and
increa!ing qurlitl requirements, rrc rmong thc
roughesr io be tbund in indusiry. Tradiiional produc'
tion oricntcd äpproachcs 1() meel lhese demands. like
qu{lity assurrncc or slalistical process control. fall
lhot or aro jüsl Dol lpplicrblc in üc dcvclopmcnt
oriented software domain. ln such an environmert.
con nuou.  fdn lerrnrnf  r .  one . r  rhe r^ t  t | |or . r )
requisites to acqui.e and inaintain leadinr-edge

competencies. Tr.rditional individual or group
leaming. as a nreans of adaplirg to new demands of
of dopling Dew methods {nd techniques. is ofien f{f
ioo slos,dnd ineftective. This is especiall,v true ifit i!
not pursued in a goal-orientcd way, mmaged as a
proiecl crucial lo a conprny's succcss, md supponed
by organiätionai. merhoclicrl. änd technical rneans.
So, leaming on dn organizational level dnd capit.
izing on an organization s knowledge assets becomes
InF_Jr ive In |nooer i ,o l rsJre depe,oerr  Indu' r re '
Such lclmnrg neds can he addresred b)- slstcmarrc
application of orsanizaiional leaming (OL) principies.
süpportcd by org.tniz.ttional menn)ncs (OM). Wc
bclicvc Lhat le{ming orglnization (tIl) pnnciplcs wiU
soon establish thenselves as best praciices. Therefore.
wc scc a strong nccd to spcll oul OL procedures and
mcthods thlt work in pracli.e and also r nccd for
conrprchcnsivc td)l supprl. This I'apcr is .tbout lhe
JpprorJh r . l l 'e I  b \  rhe uurh.rF ro do .u tur  rh(  'u f tsJ ' (

Wc scc lhc subiccl nntLcr rs bcnrg composed of

. lhe processes. methods. tcchniques of how to
impienenl OL in the applicrtion domain:

. lhe tools lhal support OL lbr rhar domaini and

. lhc orgrniralional änd cultural aspccls ol inlroduc-
iion ,]nd pedormance of OL.

l ro ' l l  ouf  e\pef lence qe kno$ rh i r  rhe lar ler  une i .
ol päramounr irnpodance lbr the success of a
lechnobgy tr.tnsfcr projcct like. for instance. lhe
inLroduction of OL lKollcr, 1996i Senge. 1990).
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The piper ends \ith prqccl\ !.rlidrting our
.rpFoich (Secliorr 5) .tnd an ourlook (Sccrbn 6).

2. Sample Scenario

To exemplify the talks of an EB lystem we use a
scenario lhat describes sone lypical proiect nanage-
nrcDt rcLivilics rnd how thcsc rcLi!iLic\ can bc
. u f p " n . J  \ )  J n  E B .  T n  f : ' r h u l J r .  r h ,  ' . n r i , '

. r sollwrrc dcvclopmcnl prtccL is phnnc.l rDd

F , i , i n J J . , , n r , , t - i , n , , \  , , , m  r , {  r , , , j c .  r \
provided b] ihe EB:

.  , '  i ' f r { , , r '  d ( \ . l , , n n r . n  , r r . , n i / . ' r i ' r n  l ( ? n ' .  : . '  .
ho$, thc coDtcnLs of Lhc EB is cnhanccd rnd
reitructured {ccoding to Dew I'rqiecl expenence.

2.1. Simplilicd structwe nodelfot the

Bcforc rhc mcchanisms ror rcusing and lclming SE
kno*ledgc .aD bc cxphincd. thc slructurc nDdcl of
the EB mult be preseDtcd. Th. slructur. nr)dcl ofthe
EB can be seen in analogy to ihe data nodels of
dalabase managemenl systems. lt guides the user
while he retrieves or stores knowledge.

Thc EB shrll coDtain several tyFs of knowlcdgc
each rcpresented by r sepamle concepl. Elcry
insraD.c in the EB is dcscribed by exactly onc ol
.he.<.oI (epr . .  Du1r, r  rer  ( \  d  .  01(  o l  rhe (o cepr .  i .
used as a lenplalc lo bc lillcd in, in order lo specitv
the knowledge lobe searched lbr. This nnplies ihat the
user h3s to know dre iype of knowledge he needs
{hcn he sF,cilics a queq,. Thc Lypc ofknowledge can
be regarded,rs { filler: onlt instarces delcribcd by thc
selected concept will b€ searched (task identify").

For dre scenario described here. Ihe stnrcture
m)del showD in Fig. :l is used. The mclning ol thc
ditterent concepts is described in Table L Erch
concept has two kinds of attributesi lerminal rn.l
nonreminäl ättribures. Tenniral auribures nodel hos
SE entitics rrc sp.cificd fo. stornle lDd rclricval,
s h e r e r .  n " n r . r r i  , r l  d | | r i h u r < .  n , ' J c l  { T  I i .
relationships. \oDtenninal atnibutes ar€ implcmcnlcd
using references. All semantic relalionships are br
di.ccrionrl. This is nrdicarcd in Fig. 3 b] lhe arcs
bclwccn thc coDccpts. For cMmplc, lhe object of a
''qurnlitati!c cxpcricncc" cän bc a "technique .
''process model". or "product model". Thc conLcxt
of i quantitative experience is described by n
' 'p-u lecr  c larr . ren/a. ron .  \  rce rer ' r .  a l l  . tu , ,1r i
trltile experie ce ' gained in a proiect car be lound
by foll('wnrg lhc rclcrcnccs sLoijd in lhe nor-
r e - r i n d  d | | r i 5 u r e  q u , i r i r , ' r i \ c  c \ f  . , I  "  t r ' , i e f '
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t ie, 3. Stn], h1..1 n tt I ur. n.ncl of aa .\.nrp I tri t B

Table t. Mrit) t.ürr^ tt thr ?\!nvto\ EB

Pro.css nodcl Spccilics in slrch odcf rvhi.h pro.css n.ps arc pcnörm.d
hocess nep An aronic rcdur ol a frccess rhar has no ertema y visihle sub{ruclure
Produd nodel Dedner rhe jtuclüe ol sofisaE developnenr producls r\ *ell !! lhe la\k\ 10 be perrrmed li dms n.t

dcs.rib.. hoscvcr,lroF ro pcdoan th.sc r.sks (described by the coresponding prces \let) nor in shicl,
ordr thc rasks .ic to b. p:rlonn.d (d.s.rib.d bt rhc p6c.* Dodel).

Prorr.ct charadcrization Sunrnrdizes rhe releran characreisrics oir project.Ir contlin\ rprlicabili)_ condnn,n\ lnr nFi orh$ rlpcs
of SE Inos edge

Qrantnadve experience A p.t consiiins of { ner!rcne soal an{t rhe resulrs ol the mex\urenenl Thd neasurcmcnt eoal is
.lways d.nNd a be besinni.! oia project usin! nre facers: rhe objed ro be rnaly/ed. rhc Frldsd lnr
mcastrin8. rhe pnpefiy ro be ncasurcd (qualitl focut. lhe role ir which lhe dara i\ colle.red r.d
nnerpFred (liespoino. ün lhe .ontexr nr shich the dara i! collecled. The dara collecled and nncrpi.tcd is
onl] val ünhin lhe \Foi6ed conterr

Ro[' A ser ol rsponsibiliries, enaded br-� hunans.
Tccbniquc A pEscriprion ol hos to represenr ä {ft{rre ieleLotmenlpodurt rnd/,tr a hrlr iCorirh.r or scr oancps

o be foh"en in on\lrucling or !$e\ring r \)frwre de'eloptnt Fducl
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2.2. Prcject setling
Thc licrive scenario dcscribed belos is bascd on rhc
following assümptnnrs:

. Thc EF is enäblished at dctaament level at an
automotivc cquipment manuticturcr.

.  lhe deprnnr .  nr  hd '  : ( terd.  croutr  h. 's . .er .  in
the scenario onlt the grouts responsible fbr üe
soltware developmcnl of ABS" and luel
injecrnnr" equipnenl are involvcd.

. The group "fuel inje.tion hrs jusl closed a
.oDtrdcl with a car makcr requiring a design
relicw . sonrething the group hrs never done

. The new project i! namcd "Maui .

2.3. Cettins the proje.t otf the s.ound
The project manager has never manrgcd a project
with a dcsign rcview befbre. Th.rcforc, he needs
idbmrarion on proiecls conducted $hcrc a desrgn
rview has been perfomcd. Fronr the requncmcnl to
pcrfonn a "desiSn rclicw' he deduces that thc
sollware documentation musl al least contain Lhc

requiremenNand rhe design. furthcrmorc, Lhe product

model must rllow the construclion aDd vcrificalion ol
these prcducls (according to thc glossary of the
organizalnnr. thc "design review" is r vcrificarion of
rhc design). He enimätcs that lhe prolecl will run l2

. n o f l h .  {  h  { :  p e o t l e  u , ! l , n r  ^ n  r r .  a l l }  t i \ e |

^s a lirst step thc proiecl manager cntcrs bß

knowledgc in lhe tbrm of a qucr) searchirg for simj Inr
projects (in our scenario lhesc arc prolecls wrth

rcughly the same duratioD nnd lcam size) which (a)

also emfbycd .lcsign review! and (b) .rlso delivered
requiremenls rnd design docu'neDts (Fig..1). The
rh-c.  n,u ' r  prornr ' r r !  f r , ' i \ r  .nar l ) . reni  r ' i , 'n '
retumcd by the EB arc shown in Fig. 5 (strucluül
\  ieq l .  A '  Jdr  b(  'een.  rq '  '  t r , ' j i .  r . .  ndmed Hud. ' '

. ,nd JuJ)  .  h : r \ (  DeeI  Der{orm. J  u. ine de. i j I

Howev€r. Lhc! have noi b€en pcrlirmred i]l the
"lircl iniection group. buL rrlhcr in the "ABS '

group. Quiß slfikingly. in both cases r dcsigtl
r .p . ruor  {J .  pe-1, !m"J bc ' rdc. r l re de. i rn r . \ ic$.

A pmiecl characterizntion gcncraliring the ch{fttclcr-
izariors of "Hugo" llnd 'Judy shows Lhis explicitly
(see generaliTatioD rclirences in Hügo" and
" J u d y  ' i n  F i g . 5 ) .

ßy inteniewing the prolcd manäger of Judl, ,
o r r  f r o t e . r m : , n a f q  f n d .  o r r  r h ! r  I l "  i 1 ' p e L r i o n .
were Ffornrcd for preparing the design rcview The
goJ.  uJ,  r . '  iJJnr l \  Jnd e. r rn inJ lP : r  m:rn)  de ' ' fn
deltcts as possiblc bcibre the customer l�kcs a look at
drc dcsign. drus increasing thc conhdence rnd/or
\ : L i \ l x J u o r o l r h e c u . l ' r n c .  B a . c , l  u n  r h r . d i . . r r * i u n .
' { r  proe.r  mJnlc-  ür , . , r r .  ro empl . , t  , l (  ien

As the exNricncc aboul inspectrons slcms lrom a
difTerent ipplicarion domain (i.c.. ABS system
delelopmcnr). rhe modeh av.rilablc may not bc
lalid fbr lhe applicat]()l domain at hand. Therefore.
jl is dccidcd (i.e.. a mealuremcnr goal i! se1) to

measure thc cllccliveness of inspcclions in lh's

application domain, so xs 10 exteDd the EB br-

effcclileness models fo inspcclions in thc 'tuel

injection" domtin. Fuftheflnore. inspecüons are sccn

Duration
Team sze
Tedrniques

= 12 rnonths
= 3.5 people
=  { . ;  - - }

Technique:
NarYE = "Design revrew
teieqEl|r I

Produd model
Adifacts = {Req , Desgn}
Tasks = {Con*ruction, Verif ication}

Fis.1. Qu.t\ f.r \itnitut rr.j!t1 .hdtdü?ri.rhrn\
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as a chancc to inprovc rhc olcrall cfficiency of
software pfojects. because defects can be found earlicr
h the iift cycle lhm il sr-slem tesrs wcrc conducled rt
the end of coding and inlegralion. Il is lhcrciorc
h ) F . r \ . '  ̂  J  t h J r  r l ' .  r .  $ ' { k  .  r ' l ' n ' l {  r l  c .  u " r e .  i o l
of defects can be greaily reduced. To validare thrs
h \ p . . h e . .  u i r h  q L . ' n r . r J r . r e  d d r d .  r  ' e . o n , l  q J e r )  i .
'onnul . , red l f i ! .6 ' .  T le qJ(q ,e i rL le.  lbr  , !udf l i rJ
1i!c cxpcricnccs on cllicicnc) üat wcrc collcclcd on
nrni lJr  t r . , le . r .  I r  rhe tLel  IUe(üon r ro, rp r .ng
the standard p.ocess model Standafd .lTt l . which
is to be used ln Maui .

The results ofthe query lFig.7) show an cfäcicnc)
rugc ol 2.7 t 0.,1 KrlC pcr pcrson monlh. If
insFctions make trcjects mor. efficient, the eifi
c icncy of  "Mrüi"  should bc h ighcr  th in : l . l  K l l lc /
PM.

As dre änal planning step for "Maui 
, Ihe actual

proce-  n,odel .  ind n,ea.uremenr p lJn.  dr(  being

devebped. The process model Stdndard'17ll is
taken rs n bnsis and cxLcndcd by dcsign inspections
and .e!iews. This results in { new proccss modcl
"Srandard ,1711 wirh design insp.  rcv icw".  Thc
measurement plan used in dre old projects "Vesuv"

:nd 'P, , r : r . (  i .  rd . lored r .  rhe n is  nreds,  rhdr  i  .
Lhe cllbrL li)r perloming thc inspections is älso
considcrcd for thc computation of the eliicienct. To
plan the inlpections. our project nanager allo rclics
on quantitadve experience gaired in ihe group
''ABS" (see Fig. 5). For example. he sets the goal
r o  d ( h r e ! (  a I  < l l e . r r \ e r e *  u r  U . 5  ' . \ p r c J l  e t t e . r r e -
r r . . , c h h ' . J  i n  " A B s  

f ' . , j c . r .  n o r  . h o u r . r
Fi!. 5) rnd eslimates rhe needed prcprrution cllbrt
based on lhis goal (see Quantitarive ext." in Fig.
5). Ar the ia'ne time he identilies this Ns d risk
dcro- .  . rn.e rhe model  upon $n ch rhe.e e. r imJ

rions ltre based has nor been vaiidated for "fuel
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Looking tbr furher risk llictors, our proiecr

nlanager also scärches the EB for guidclrncs
asso.iated with lhc (cchniques applied. For instancc.
r l ,F .ur . ' r l inc Do ror  In ' .e .1 \pI ' { r  Ihc dc ' :gn. l
lgrees üat the design is rcrdy lbr inspeciion ' was
l . ,un, l : rnd $ r l .  be errp l . led he '  dü "  Ih .  u: l ihLxr ion
sounds rcds,nLrble (see Fig. 5).

2.1. Pedorn pnject
Drring rhe pefomancc ollhe proiect. the data lorfte
dcli ed reasureinent goals is collccred. The EB may
be consulted for morc reusible components and
problen solution strlcmcnls. Delailing these reuse
axempts is beyond the scope ofthi! sccn.tno.

2.s. Lea ins.froi' pro.ject experience
Atrer the proiecl uas complcrcd.250 KIOC had been
develol'cd. Instcncl ol rhe planned 5 peoplc. 7 pcoplc
hld l . rcr '  { , r l rn !  ür  rhe prn-e.r  Jrd t ro je.  I  du- :  ' i ' r l

w4s prolongcd by 1 month. Yet the cfficicncr- wrs
nrearu.cd to bc 3.1 KIOC/PM. Howelcr. rhc
ettectiveness of the inspcclions was only 0.4 inltead
of the planned 0.5. Thcrcrore, lurther analysrs wa!
conducied rhowing thrl lhe experience ol fte
designcrs was not considered in Lhc odcl ol'
eftectiveness. In.rll projects conducted ir the
''ABS" grcup. the designers had a mediunr lcvcl of
expcricncc. whereas ihe designers in thc "Maui'

project had onl) littlc cxplrience.
Thc proiecr characterization thal is lhc rcsuh ol lhe

p. \ r  In i in i  m . ,Lr l ) \ . \ .  rhe cJrhered . tu , '1r i  :  i 'J
experiences. and thc lailored process model
"SLrndärd . l7 l l  wi th design insp. t rev iew'
becorne new inslmces of the EB. 

'rfie 
relatx)nshits

to existing iistances llre also specified (Fig. 8: rhc
relalionships are indic!1cd by connectors to Fig. 5 and
F is .7 ) .

Since a new importrnl applicability factor (d.sign

e \ p e  e n . e  s ! .  r J r n r r n e d .  l l l  e \ i { r n ;  f l , , i . . 1
characterizations arc cxtcnded by lhis new attribule
(sec grä] lexrs in Fig. 5. Fig. 7. änd Fig. 8). For
--Mrüi" thc rftibu|e value is low", whcrcas 1br

Hu!"  an, l  Jud)  r '  seLl  J .  'h .  i r  rcn. ' r l i / f l ion
the attribule vrluc is "medium". For rll orhcr
projccls. lhe attribute vrluc is scl Io u*nou'n".
becausc it \ould requirc too mu.h cffofi lo collect this
infonnation. Moreover, this infonnation would be
impoisible to gcr (a{ least h pall), lincc somc ol the
od pro je. r  InJnJg.r .  h : r \ i  J l reJo\  le f t  rhc - ,nü.r .

de!elopment orginizat jon.

2.6. Strategic aJternath
From ihe irsplc1ion cffecriveness and thc proiect

effcienc,v, no conclüsivc culuadon can be donc wirh
respect to thc hyporhesis flnt insFcltuns increase
projecr cflicicncy. because Mrui" could be an
ourlief rcgarding efäciency. The 3.2 KLOC/PM arc
qu| le  pror i . in ! .  h . r r  l , r r l 'c r  enfrncJl  r \ iJ .nrc :
ßeded. F'or this rcasoD, the luel injection" group

creales a new Foccss model Stand{rd,l7ll wilh

dc\ign insp. This process nrcdcl shall be applied rn
the next rhrcc "luel injection proiccts lo be able to
btrild a n1ore valid elticiency modcl.

: i  r r  |  .  r l . o  e \ p e . r e J  I n l r  r \ e  i r : p e . l i o n
eüectivene!! will bc bc(cr if more expericnced
dcsjgncrs lake pan:. inspection cfltcliveness will
rlso bc measured in tuture trcJccls.

2.7. Contlusion fron the sanple su arto
Thc sccnLtrio illustrates rlnt:

. An EB can supply knowledge ulers did nol exp€ct
(in the scenarn). üc projccl manager did Dot know
thardesign rcvicws were perfbnned in thc "ABS '

groupt.
. Corl oriented. organizational lcaming leads to

strutcgicrll) relevanl knowledgc fasler lllan
lcrming on the level of in.lividuals or groups
(scc slralegic afiemrath). EvcD il the explicilly
available knowlcdgc docs nol meel the currenl
nceds pertectly. it can be takcD advantage of (see

utilizalion of design relicw ej(perience in thc
' ' A B S ' g n , u p ) .

. SE knowledge is not !t4tic.11is complemenlcd on
a continuous basis. 1n the sccDario. both concrelc
in(ances and sructural knowlcdge (e.g.. design
experience" is rclevant for selecting the right
cllccliveness model) are rddcd.

3, Knowledge Reprcsentation

As we have secn in thc above $mple sccnano, rn the
conLcxt of sofiware developnrcnt and improvcnrcnt
progräms nany kinds of arlif{.ls need to be stored.
Exemtläry kinds of aditicts irc process nrodels,
product modcls, resource model!. qualily nodels. all
kinds of softwarc lrtilncts (e.g., code modules. system
documeotation), lcssons leamed aboul thcse nrtifäcls.
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and obseNalions (results and success repofi!). To be
able lo leam and reuse eltecrively. ail lhese arliläcls
have to be reprelented in a unifornl wav.
Chamcterizations ar€ a natural way to achieve ihis
goal (Prieto-Diaz. 1991). Characterizalions "exlend '

anifacts by complenreDtiDg the infonnation contaired
s,ithii the artifacts. The additional intonnation ls
necessa ' to enable useß ro fetrieve the most
äppropriale ailifäct. In the above scenano the prqjecl
mmJler  . | | r r rcren/e.  rhe t ro jecr  fo f  shrch |e , .
responsible. This chancterization is then marched
against dre characterizaions (instances) stored in the
EB Gee Fig. 5).

For an a.tifa.t Lo hc prrt of thc EB, ir nccds a
characterization. This characterization ir !tructured
by the concept associated with the respective rrtifdct.
ibr exanple. a technique. a quantiiative experience, a
pro.css slcp, ctc. (scc Fig. 3). Thus, all rrtil)cts ol onc
r ) | e  , ' r e  .  h r r ,  r c r : / c J  I L n B  r h c  \ r m c ' . h J , n r c r i / , 1
t i n l ' r u . r u r c  \ , , 1 . " , J l l . d ' . h J r ! . 1 J r i / ! r : , , n
schema"). Consequently, the EB will be inteSrated
äorn a heterogeneous set of infonnaiion sources.
lntegrarion of the diverse atifäcts inio a coherent

model requjres a ltexible. rnodular overall schema lor
thc EB rhrl älk)\s inLcrlncing wi!h värious tools and
nrfbmation sources.

All tasks thal can be perfbnned based only on the
chäraclerizätions of the rrlihcts can b€ caffied out
generic{lly (in Fig. 2, these talks arc printcd in
runlics). whereas all tasks requiring to view or change
the arriläct itself must be perlbrmed using specialized
(i.c.. ärtilnct spccilic) tools. This also tulälls a very
practical need of ou| project panners: It must bc
possible to integraie alr*dy existirg (artifact
specitic) tools. ln this secion. we will focus on dre
knowlcdgc rcprcsentation trsed in our EB syslem lor
lhe SenelL ra,k. .  $hi l .  rhr  FB . )n(m a rh. t . ( rurr  i .
subjecr of the nert section. One impoftant aspct Lo bc
considered when choosing {n adequate reprcscnlnlion
is the way people work. Wher solving problems.
pcoplc olicn do so by rclcning lo cxamples ofsimilar
past problems. Such 'rcfcrence" is usually through
context iDfornration (c.9.. "thc prcccss model lhat
was used in the projecl I worked on lasr ycär").
Explicilly modeling (characierizing) a context (e.g..
dre project environment of anifacts allo allows to



discovcr experience in an EB pre!busly unknown Io
the user (e.g.. by qucrying lor "process models used
in small trojccrs"). Queries considering the.ontexl
can also bc cnploled ibranalyzirrg the coDtcnls of an
EB, possibly resulting in S.Dcralizccl or aggregared

R . f r ( . . n r  r f  t \ (  c o n r < \ t  s h i l e  n i i : r r  / r n t  I \ '
mainlenance elibrl demands lhe chrfuctcnzälions to
refercncc cach other. This introducei the construct of
\en 'dnUc re.Jü^n.hp\  J .n. . . . ,1  i .  nor .emr inr l  J l l r i -
bules in Section 2. Orce nonlcnninal allribules are
rcpresented extlicitly. rhct can also b€ used to
conduct context ienlitive rctricval. Since each sofi-
wnrc dcvclopment project is differenr. ir is lcry
unlikely thar onc 6Dds an arrifact exactly fulfillin8
one s needs. Thc retieval mechanism must therefore
be able to find similar arLilrcts. shich n)ay then be
iailorcd lo the specific needs ofthe prorcct il hand.

Snnihrill based rerrielal with incomplclc infor
rnauon Jdn a l io  be r<r lzed t  a 'e. i .  1  J l ' r 'd  r " '  /Jr i  .n '

,r! rmrorichcs b] various researchers shos. For
instance. facered clissilicarion (Prieio-Diaz. l99l)
can be used 10 serrch lbr anifacts of ore kind.
U . r e n J !  e r  r l  l o q l ' r \ l r n d ( d  l d c e l e d . l J . . i h c ! r i o n
to also ilrclude nontenninal atlributcs.

In d.ldition to the assertions provided by Osteftae's
approrch, \e identiäed rhe need to prcvidc vrluc
nricrcnces (i.e., automatjc valuc conpulalions lbr
attribute valucs üat can be derived liom other attribute
!11ües). This minimize! lhe numbcr ofallribute vahres
thlt thc user häs 10 supply and thus rcduccs tbc
maintenancc clfbrl. To lürther suppo'1the uscr, sc usc
rhr  chrrdcref l / r r iun -  hcma. r .  euid(  chdrdcler i /J-
rions ofbothnew artifacrs (task "rccord" lion Fig.2:
" \  d l .o  I  rp.  d '  Jnd needp, l  dni i . (  I '  r rJ ' l  '  p( . r 'v  .
see Fig.4) .  This  a lso mi f fors the organ'7dhon. l
scparation of project organizltnJns (dealing only with
chlräcterizations and üe allifacts thcmselves. bu( nol
wiü characterization schemas) lDd the EF (respon-

sible n)r dcfining characterization schema\).
These conclusions lcd us lo the deänition of the

kno*ledge levels sho$n iD Fig. 9.'To operationalize
tbc retrieval. input. rnd mrintenance aclivitie!. we
need ä lbrmal representnlioD ol the conceptual
knowledge of xD EB. In the Anilicial Intclligcncc
(Al) literature. such conceptual kno'ted-se is reprc
serted as.n onlology (Kallbglou. 1999i l-andes et al..
loo\ .  5rmner er  t l . .  looq.  I  .chold and Crunrn!er .
1996). For SE ontologies, wc usc a special representa'
r i "n funnal . in  nJned I rFFsf \O r / .pre\enl r l ion

/onnalilm for rotiware .rginec.nlg,nlologies:
Taurz and Gresse lon WaDgcnheim. 1999) incoryor
rring the above menlioned rcpresenlaiion construcLs.

Fig.9 shows a snnpliilcd ontology ofrn EB and an
excerpt frnn Section 2 fbr the conLcxl-specthc
kirowledge. As crn b! deduced frcm this small
example. aulomated $rtpo lbr ensuring thc coD
sisiency of the coDtcxL spccilic knowledSe 's D.dl{rt
The Seneric tnsks opcratc or the contexl sf'..'lu
knowlcdgc rnd are guided by lhe conceprual knowf
edge. lar c\alnple. in Secdon 2 th€ prorccl manager
\rs inLcrcsled in inlbnnation rbouL projecß rlnt are
similar to the one he was respoDsiblc ibr. Thus. Io
rerrieve prolect infomation. the EB lystem l'ro\idcd
n  m  { i r h  r h e  . c h e n r !  t ^ r  f r . , j . . r . h x r r . r e r i , , a r i o i .
(pan of rhe conceplual kno$lcdge: see Fig. 3). He

thcn insrrntiared lhis schema by I'roliding a char'
acterization ofthc Fojccr hc was responsible nn (task
''specit,v r see Fig.4). Thc EB syslem detennnres thc
p o r e n r u l  i . , , r J r i 1 \  i n  r \ i .  r . , . e .  l l l  . r o r c J  " f , ' r ( l

characterizations"i lask idenlify ). compules thc
sin1ilrril) ofdre potential inltanccs to lhe queried one.
and rulis üem in descending ordcr (ask "eval

1. , r .  .  loeJl . ) .  rhJr  . ' .  r l  rh .  . i 'n i l .nr \  f l ( r .ure i .

defined adequarclr-. thc most similar "projccr chär-
aclerialion is the bcst cändidate to reuse (ldsk
"select 

). Horvclcr, in pnclice it is h{r.l ro dcline
simil it]' right thc lirsl lilne (Hennin!cr. 1996r Gresse
ton Wängenheim el nl., 199',1). Therefore. supporL for

inspecting the afifact right away (in this case the
''project chrracrcrization ) is necessry. We wiu

address thii rcquircmcnr in the next section.
For the implemertation oi thc generic tllks we

evaluated cändidale approaches to implement a
. \ {p l r  r l - r r  \upoo-.  UL i l  rhe 'ü f t "dre dornain.
Case-based rcasoning (CBR) tecfinolosy is I pro-

misnrg approach (Althoff rnd Brnsch-Spörl. 1996:
Althoff. 1997. 1999: Tautz and Ahholl, 1997) to us.
Therc arc Lwo rnain arguments. a tcchnical and an
organizational onc. wh) we selected CBR rs the most
promising Al techndogy.

While the represent{tion rnd reuse of softwlrc
knowledge recommends an rpproach fronr thc knowl-

edre brscd systems lield. lerming tioln examples
suggests an rpprorch liom the field of machme
leaming. A technobgy rhrl is rooted in boLh liclds is
CBR.lt is a gencralizrrbn of the laceted classilicxtion
.rnd. rhus. also offeN a natural li.e.. direco solurion lor
snnilrriry-based rerieval bascd on incomplete infor
marnn (as exemplified in Sccrbn l).
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l\.4eta knowledge Conceptual knowledge Context-specific knowledge

REFSENO

Ontology

rr8. 9- (,.! 1.d3. 1.r .Ä d Sa h,.!Lllr.

tiC.10. (iß. bntd hle)nnt.!.

Ca.6 := Problem (characterizalion)rsolulion

Ou€ry: Query at hand defines n@@se (problem

R.ldev.: New €se s used lo ii.d most similar
€se amog lhe knöwn (previous)€ses

Re!6€:New and retieved €se afe@mbned loa
proposed @s6 ncludinqlhe sugqesled anifact

Revße: Sugg€sted arlifäcl is applied and evaluäled

R.Iain: lJsetu experiences irom applyinglhe
anfact are retained by adapting the €se baseand
the 6n@ptual knowl€dge



From rn orgrni/nlional perlpective. lhe tasks
shown in Fig. 2 have lo be supportcd. Alrendy
Altholf and Wilke (1997) mori!aled rhat CBR can be
al'plicd rs r hu'nan based. technologically in.lcpcn
denl slralcg). Thrt is. the ba!ic CBR cycle (sec
Fig. 10) consisting of the lteps -retrieve reusc
rcvise retlLin". a! described b,v Aamodl and Pla/r
,  too4) .  i .  .1 ,n, r teret )  cr r r red nur  b!  humdr. .  \  h  {  in ;
CBR as ! human based strategy erables thc usc of
CIBR nethods lbr rhc Lrsks shown in Fig. 2. More
deliils can bc fouDd ir'laurz (:000).

The next secrion li)cuscs on drc implernentarion of
the EB inregraling Lhc Scncric rnd .rrif.rd,specr{ic
täsk\  o lF ig.  2.

operalc on lhc anifäcls thcmscllcs. Both kinds of
tüts act as clienl! using the EB sener as a medns lor
renievrng and versioning SE anifhcts. The mterplay
of lhc different tmls hrs been exemtlined in lhe
srrnplc sccnario (scc Sectnrn 2). In thc following wc
wi l lcxt la in prns of the tasks shown in F ig.  2 and use
rLrcnr  r , '  l lJ . rJre hou rhe propo.ed \ l  e \penen.e

In the b€ginning of a project the general purpose
seärch loolis slarlcd and thc ncw pn)jccL is (prrlirll))
specincd gtridcd bl rhc char.Lclerization schcmas (crse
nodels in rcnns of CBR lools) for I'rojccr characrcr
izalions. lcchniqucs, and pr)ducL modcls (tasks
''lpecily dnd identify ). The search iool lhen
retllms a list of similar ptujccL chxracleriations (cdscs

in tenns ofCBR tools)  br  us ing the CBRloolof lheEB
servcr(asks "cvalu,tl." and "select 

). St{fting fronr
the prcjeci characterizations. lhe user can naligire |o
characterizalions oi rele!dnl anifacls such as lechni-
ques e'ntloyed. quantitative experiences collecled.
etc. The navigaljoral search is suppofed ürough case
reterences (links berwccn ca\cs). Lh.r1is, li)rcach casc
thc,r \ ' r  r ' , , r , | ldr .  .  r .  .  r l ' .  aBI . l  r .n ' l  r '  u-  J  r "  r r r  '  \  J  i

),lext. proicct go.rls (including mcrsurcmcnr goals
to enable strategjc ledrning fbr the software develop-
nenl organizadon) llre scl bascd on the results ol lhe

4, SJstem Architectüre

In lhis scction. we prcsent a syste r architeclurc ior a
"software engineering experience cnvironmcnt"
lststsE: see Fig. I l). Wc disLinguish belween general
p L r o o . <  f f  r ^ ' , 1 '  r ' J  . ' n i i J  r , l , " . r l  J p p l r c . , r r u  
lools. GenerrlpuTosc trx)ls oFrale on the character
i,rtions olthe altif cts (attribure lalues ühich c.tn be
searched fbr) in lhc EB, whcrcas the rtplication rools

IE,11. A).ht..nur olth{ \ lirutt lr(it1!tt i1t !\rr ntr { rrndmüJ

lontoot'
xp\T

- - - - - - - tDel ines behavior  o l

Char.cterizätions,
Olher case based knowleclge

H Dala transfer



Krofttl* Mdnalen.üt fl, Bkildins I Qtnin! Sot't^ak Osdüizatbn\ J6I

step before. This is done in a sinrilar manner: Thc

serrch iool is invoked to 6nd similar nrersurement
goäls liom thc past. Howevcr. rhese measuremeni
goalsandtlrc respective mcäsurement pkns bave to be

adaFed ro project spccillc needs. For rhis purpose. r

cross refcrcnce. which is stored as pärt of the

artifäct's chrractedzation in the case basc. is pnssed

Io the mcasurement plnnning tool. The mcasurement

rool thus iuvoked loads thc old mealurenenl plan
(uliDg the data retricval service! oflhe EB server) and

allows thc project man.tger to tailor it lo lhe project s

needs (tisk "urilizc"). The new mcasurement plrn rs
\ ! r e d  J j n p  l | e  J . , 1 . ,  . . o r J ! e  \ . r r r c e . .  \ u r  i .

characterizrlion is not lpeci{ied yet. Th41 is, no case

is slored for it and. üerefore. il is nol considefed,ts
part of the EB. Thus. it is not available to ,,rhü

projects (yeo. Thjs ävoids the usagc of unlalid{ted

In the samc way. process models and other artr lrc(s

needed by Lhe project arc rctneved and tulored to

specilic needs ol lhe project ar hand. The Fqj..r is

Oncc üe projecr is linished. thc proiecl s at'tacls
(which are deemed wor rwhile to kcep) afe stor.{r 'n

rhe EB for fut re projects. Forlhis purpo$. thc quality

oI lhe snitacts is de€nnined thftmgh careful analysis

wilh rhe helpoithe applicarion lools (task -couccl 
)

For those aflifacls to be slorcd (msk coPr- ), the

expo inrerface of the rpplication lools compute lhc

dl . f lbu le!  \a lue\  o l  rhe , ' r rnbule .  rhurr . terzr t ion
rutomatically äs lar as possible (taik nririälly

characterize new ärtifacf'). This is necessary bcc.rüse

rhe generrl purpose EF tools are not ahlc 1(] read lhe

nilive data formrt of the rpPlication l(xns The

procedure mry involve inserting several semämically

rclated characterizathns (e.9.. for a code module €tcb

lunction nray be characterizcd seFrarely in addition

10 thc characierization ofthe whole module). For lhis

purpose. ihe 4nifrcl has ro be split into chuDks (ms[
''split '). Aiiribute vrlues, which cannot be computcd

automatically. musi be cnlered manulll). This is

rc.rlized through invoking thc (general pu'?ose) nput/

mxintenance tool. which prompis the user lor the

nrissing value!. This procedure is tbllowed lbr all

artifacts to be slored. Thcnewly insencd caseshave to

be validarcd and dissemimGd. Therefore. they n.e

inirially nrarled äs to bc lalidated" at lhe time of

thcir inseltion. Exp€rience cngineers from lhe EF-

anrlyze and revicw lhe newly acquired rss.ls ro

guranlee a minimal quality (rsks 'aralyzc ' and

''review ). ln case ol ninor qualiry deficits. the

expcrience engincers also conect the ässels by

iDvoking üe rcspective {pplicrrion tdn (msk
' ' ( \ o l \ e  

r  D u n n !  r f c  r " \ i ( $ .  r l c  . \ p e r . e n J f

engineers also sssess lhe reuse polcntral ot rh..

.tfitacts by using the respcclive applicrlion tool. As

!  rc \u l t .  the Jnrr . rcr  ma) hr  m! \ l rh id lo 'n i red 'e i l '

rLu.(  porenr i r l  , ld \ l  e \n l te  ' .  |  .ur l l )  rh i .  reauiF.

m ^ J r t i c J r , o n  " l  I h e  d n r l ! c l  \ . h . r d . r e r r / r r i ^ n  r u ' i n S

the maintenance lool). In case of maior qüalrlv

delicits. thc rssels üill bc rejected ln case thc

anifacls pass dre revicü, their charrdenzaüons are

conpletcd by lhe qunln) properiies of lhe anih.rs
(läsk 'completc characterizärion ). Fin.tlly. the

corresponding cales are marked !.tlidaled (rask
"publish ) turd p€rsons inFrested-iD the net anif..rs

are infonncd (lask 'inlbrn 
).' Aftcr lhis. il is

possible fbr other I'roiecis to access lhe new lrrliticr

Ibr implenrenting the architccture frcscnted
rbove, üe use cornmercially tvailable sof(ware,

namcl) CBR-Works tiom teciinDo. Kaiseßlaurern
(CBR Works, 2000), as the CBR tool \ithin thc EB

sener. Thc application and EF tools are buill using the

Java phlform to ensurc high portabiliLi across our

cusromeß' plaLlbrms.

5, Cuftent Status

Up to now imponlnl parts of thc above dcs.nbed

SEEE have been nnplenenied and valid.ücd Main

parts of it arc shown in Fig. 12. This subpari of Lhe

SEEEis called nrtcllig€nt retrielal and storrge systenr
(INTERESTS). In äddition. $mc of the tisks shown

In l - r r .  2  h: r !e been \ : , l iddred L. inr  " rher  rechn^lopie.

The 6|st insrantiation ol INTERESTS was rhc

CBR PEB syltenr (Althoff, \lick and Tautz, 1999). lts

objcclive is to trovide a repositoq, of CBR svstems
(i.e.. l()ols and applicätions). lt is Nccessible over the

webr sincc July 1998 and rs of Septcmber 2000 it

includes 60 (charäcterizalrcns ol) CBR syste'ns

Besides conlributing lo lhe lalidaiion ol

INTERESTS. CBR-PEB was üe lirst applicatron

where thc Goal-Queslion-Metric technique wäs used

fbr evaluaLing EBs (Nick er a].. 1999).
The inlcuigent prccess nnd quality management

(IPQM) systcm was the sccond instänliation ot

INTERESTS.Itsobiecdve itroprovide incollahorN

r i , { r  $rrh Fr ,unholer  In ' r i ru l f  lor  \4rnufdc lu" ing
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Engineering and Au1(nnrrbn (IPÄ) a rechnical
idrastructur€ ior suptoft iDg conlinuotrs imprc!cnrcDl
processes in hospitals (Althoff er al.. 1999). As of
Septenber 1999 ir succcssfully passed äeld tests ir)
üree diiltrent Iospitrls ard r dcmonsrrirlor is publicly
accessible over the web.a Bcsidcs validding
INTERESTS and REFSENO technically. the IPQM
proiectshowed that hodr lrc.tlso applicable fbrnon-SE
domains (see Fig. lll.

A third insmntintrcn of INTERESTS is üe knowl-
cdgc rnanagemenl product experience base (KM

P l  B r .  l r ,  , ' h j ' \ 1 i \ .  i .  r ' .  f r n \ r d e  r a i  J  d e . c n p u \ e
liamework for knowledgc mämgement rools and
approacfies as w.ll rs (b) a repository of these tools
rhzr  r ,  : rc .e, , ,h le o\ef  rhe ueh'  ßr . iJ . '  ( .n lnhurnf

to the vrlidätion oI INTERESTS llnd REFSENO.
KM I'EB {lso providcd nuch experience on devel'
oping chrractcrization schemas and instanliaring them
(see Fig. l4). ln additrcn, it will be used lbr a roll-out
of rhe eväluaiion program orignrall] scL up for CBR-
PEB (Nick er al.. 1999).

while the abovc thrcc projccLs resuhed in public
demonsirator syrtems, there havc been addtdonal
collaboralions with induslrial pdftncrs. vhich pro-
vided us wirh fccdbäck lbr INTERESTS and the !ask!
presented in Fig. 2. An ongoing collaboraiion with
Allianz l-ite insurance is conccmed with tlre
dcvclopment of a lessons learned repository. Besides
INTERESTS. wc valiLhLcd pärts of ou| conceptuili
zation thal had heen reused within this project. ln a
collaboration with Diimlc[hrysler lhe goal was to
hur ld up e\pefrence Jhour ! ' r lq . , r .  in :pe. l ior .
Within this proiect we validated fte recording Lasks
shown nr Fig. 2.

lhe .  \ t "  r : .ncr .  g i rneJ in  r l le .e. ,nd , ' rhcr  t r " i . . r .
resulted in a detrilcd dcscriplion of the EF talks
(Tlulz. 2000t Alihoff et ai.. 2000) aDd a sLrucNred sei
of $lulion nerhods ibr these üsks. For Lhis purpose
' f \  arJh 'c \u l r  l rorn cJ.e- l 'a .eo re,^"n in8.  u edni /d-
r ior ! l  nr rn. r i . * .  \ ro$lJJ. i  mdnrsemenr.  d"main
anaiysis. and loftwirc rcüsc have been combmed
(Tautz. 2000). Thc objccrivc ol this task decomposr

Search Tool

InpuUMainlenance
Tool

Characterizations,
Other case based knowledge

-------;Defines behavior of <------------> Data transfer

Experience Factory tools

Experience Base
Server

Case Base
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lion hierarchy is to guidc lhc lailoring to compllnv-
specific needs. to rnalyze cnrplolcd proccsscs lbr
slrcngrhs and weaknesses. and to build up librarie! for
reulahle troblcm sol!ing ncthods. Thc !alidalion ol
lhese objectives is r m{jo chrllcn.sc aD.l curcntl}
ongoing within the scotc of huildin.s IESE s own EF
(T.rutr. 2{XX)1.

,4. fi|ll applicalion l(xrl (scc Fig. I l) rhal currenLly
is being lechnically inrcgrutc.l $rrh INTERESTS is a
ro. l  lor  .upt"nrr -  lh .  . .  l . .  l i " r '  " '  SF l .  (  hn. , l^ f i (  .

c.rllcd KONTEXT (Knowledge maNrgenrent based
. , i  the Jf f l i .  r r i^ r  .  onTfxr  o l  .o l rs : r 'e  i rp ;neer  ne
Technologies: scc Birk and Kröschcl. 1999: Birk.
2000).

I ie.lJ, ilart t.ntrptt nt th. |PQU \\!.nt

6, Discussion and Outlook

The advant,Ues aDd disrdvaDtäscs ofrpproaches like
the EF/trB {pprcrch (sec rlso Bcrgnann er lll.. 1999

md Bartlnae. 1999) sirh respect to knowlcdge
maiircnäncc md lheir comparison {ith aptrorchcs
uling more forn l onlolo-irics ärc c nenlly discussed
in the lirerature (see e.g.. Menzies. 1999r Li.to cl al.,
1999i Kallbglou. 1999: Ahhofi. l991lal. Maurcr.tDd
Ik)12 (19991 rrgued üal lhe proceises invollc.l in
le,lrning softwarc or€rnirarions are verl, imponanl
(which is srpporled by AllhotT et al.. 20{)(l) rnd
showed how lo inlegrate repository based rpForches
wilh process-oriented ones. Snoek (1999) dcvcloped a
descriptive lrrmcworL lbr kno\lcdge managenrenl
approachesthar e)iplicilly considers this rspect among
others (see also the descriptioD on K\,{-PEB).
Weibelzal (19119) des.rihes a Lwo step CBR
appro.rch tha( is well suited to support ptuccsscs lor
lales support ir thc wcb. Dä(a nrinlng approaches fof
automrlically supprling Lhc nrmual iechnrques tirr
populatnrg OMs rrc dcscribcd in Anand. Aarnodl, and
Aha (1999). The evaluation of OMs äs well as the
prnicular knowledge asleis withjn aD OM are, lbr
insrance. discnssed in Menzie! and vrn Hannelen
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Fic,11, Matn ton.4/t tnth. KM PF,B s\n.,t

(1999). Bdtsch Spörl (1999), and Nick €t al.. (19991.
A f"odLrcr e\penence bd.e lor ndchrn( ledn nf
algonthms is describcd in Lindner md Sluder (1999).
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at induslrial rs wcll rs scicntilic workshc'ps rnd
seminars. Hc hrs l0 ycrrs of indusrrirl cxpcicncc and
15 ye,rrs of e\p€rience in teiching aDd training of
sludent! !s wcll as prncssx)nrls. Snrcc lbout l8 lcars
he prlticipaled ir EuKlpean prolects, DnnrcLy llsprit I
proiccl PCTE (#8,162). ESPRIT 2 proiecr IMAGINE
(#5:162), rnd ESPRIT .1 projecl PROFES (#23239).
Dr. Bomarius is servirg as organizer. progran chair
rnd progrrm cornmittee nrember in national and
intemalioDnl coDferences rDd workshots in Lhc rrea
of sotfware process inprolement ard knosledge
ramgemenl, such as SEKII, PROFIIS. CONQUEST.

ICCBR. rnd LSO. Frank BonrariN is menrber of rhe
IEEE Conrputer Society, the German Computef
Societt (CI) and the workin! Goup tor Ar1ifici.ll
ln te l l igencc of  thc GL

CaNenTurt. is asclenlist al the Fraunholer illsliiuie
for l-lxperinrental Soflware Engineering. His rcscarch
interesls include the set üp of experiencc fNctoncs rn
ccn.ru l  . , IJ  r lc  r rJ( r I in t  " i  . \ t f l :Jn. (  bn e.  in
pänicular. Hc recend) complcred his Ph.D. on
au' r , , i ' i / inp s" f i$ . , r ,  f1gI \ . r i1g F.pf l  f l ' f t
Management Systems to Organizlli(nril Nceds.
\ ' t .  I  r . '  '  r \  ind l r i .  J i f l "m.  I '  ,  ' rn fut f r  . .  ien.  i  in
1993. he joired the Sofiwafe Technology Tränslcr
Initiarive Kaiserslauterl) (STTI KL). A he STTI-KL.
c . ' r , r . n  T d u r /  s d .  r e , p o r . i b l .  t u  m d i l r r i n i l g  . l r e
lechnology package on comprehensive reuse ' and
r l ,o  r^ok ^ \ ,  r  \o  r ,e  pLrb l r  'e ldrror  lunc.ron.
regarding the nansfer of innolative sofiwlrc cngr
|e(nn!  .<chno o!re. .  (  un(nr l ) .  he r .  In \o l \ed In r , l
industrial cooperntion comcening the inroduclion of
.r kno$ledgc nanagenenr progran]. In addilion. he
manllges an interndtional consortium with the aim of
J  r r i n !  , o l l k r r e  e n ! i r e e r i n !  < \ | e " i p h e . , r n . ' , e  i r \




