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ABSTRACT

Developmentof a large and complex system,suchas
satellitesjis a knowledgeintensve task. Applying knowl-
edgemana@mentto sucha domainappearsto leadto a
moreefficient developmentprocess. However, it hasbeen
repatedthatknowledgemanagmentsuffersfrom capture
bottlereck,i.e. lack of incentivesfor membes of thecom-
murity to investtime in sharirg their resoures,or knowl-
edge. In this paper we proposean appoachto capture
designrationde from e-mailcomnunication We describe
the protaype systemandanalysis of applyingthe methal
to ane-mailarchie of a satellitedevelopmentprgect.

Keywords: DesignRationale CaptureBottleneck,Anno-
tation,Argumentation nformationRetrieval

1. INTRODUCTION

When developing large and comgex systemslike satel-
lites, the develgpment process becones large and com-
plex aswell. As a result, it is almostimpossiblefor a
single personto cover the entire processin evely details.
In sucha situation,commuicationbetweendesigrersbe-
comescritical in achieving a successfutesult. Thereare
mary caseswhere poor communicationresultsin a fail-

ure of the system. For examge, in the caseof NASA's

Mars Climate Orbiter [5], althowgh the root causeof the
failure wasa mistale in the navigation software, the fail-

urecoud have beenavoidedif agoodcommuicationwas
presentbetweennavigation teamand developmen team;
thenavigation teamdid not conveyedtheir concensto the

devdlopmert teameventhouwgh they wereaware of errors
in thetrajectoryestimatiorof the spacecraftin this paper
we addressheproblemof e-mailcomrmnunicationbetween
developers, and shav how we can apply the framework

whichtheauthos areproposingfor captuimg desigrratio-

naleatlow cost.

Nowadays, e-mail is widely usedfor conmunication
Especiallymailing lists can be usedby a groy for an-
nowncementsgdiscussiongtc. Whenmailing list is used
for discussiorwhich involvessomekind of decisionmak-
ing, it is hardto tracktheargumentandthereasos behird
thedecisionanade.lt is becage standarde-mail systems
only provide loosemechanisnfor organizirg e-mails,i.e.

In-Reply-To referemes.lt is oftenthe casethatseveralar
gumentsproceedn parallel,andthey aremixedin e-mails.
Thus, finer grainstructureis neededf we areto trackdis-
cussionsn e-mailsmorepredsely.

To apprachthis prodem, we focus on capturingargu-
mertation structuresin the communication as designra-
tionale duiing the developmert process.Designrationale
is thereasos, deliberdions, or argumentson the design.
By recordirg designrationale,designsbecone more un-
derstadable andcanbereflectedon or recansideredhfter
wards.Thecaptue anduseof designrationalehasbecome
oneof thecrucialaspectsn designresearchi3]. However,
it hasbeenrepatedthatthereis a tremendus costasso-
ciatedwith captuing designratioralesformally [1, 6, 8].
Similar prablemis recogrized asthe 'capture bottlene&’
in the domainof knowledge management[4]. The cap-
ture bottlereck prodem in knowledgemanagmentrefers
to thelack of enoudp incentivesto the usersto invest time
for sharingtheir knowledge or resoures.

Motivated by the capturebottleneckprodem, we are
building a protaype systemcalledIDIMS (IntegratedDe-
sign Information Managerent System). The purpose of
the systemis to provide developersa unified repositoy of
designinformationandto captue designrationaleat low
cost.As theuseof compueris no morelimited to analysis
of artifactsandCAD, andwidely usedfor communication
anddocunentationwe believe thatby actively utilizing all
theelectronicly availableinformation,we mayreachto a
solutionto thecaptue bottlene& prablem. Usingtheanal-
ogyto theregycling of wastesyve call theidea’knowledge
regycling’.

During developmen proces®f alargeandcomplex sys-
tem,huge amoun of informationis prodiwced,whetherit is
formal or informal. Buriedin pile of suchinformationare
knowvledge fragmerts. A knowledgefragnentis a pieceof
informationwhich reflectsdeliberatim, reasoing, or ex-
perienceof developers. An argumentbehird a designde-
cision, appeaing in e-mail communicationsbetweende-
velopers,or a testrepot describingan anomalyobsered
during atestandits causeareexanplesof knowledgefrag-
merts. With addtional coston developers,we cancollect
knowledgefragnments,put themtogetherandprovide use-



ful informationwhich suppats critical decisionmakingin

thedevelopmemor opeationof thesystem Besidesaccu-
mulatedknowledge fragmentsmay sene notonly asingle
proect, but alsoprojectsin thefuture We intendto imple-
mentandtesttheideawith IDIMS.

Therestof the paperis organizedasfollows. In Section
2, we describethe anrotationschemehatwe usefor rep-
resentingargumentationstructurein Section2. In Section
3, we explaintheprotaypesystemDIMS, focusingonthe
featuesrelevart to captue andutilization of designratio-
nalefrom e-mal communication Then,we presehanaly-
sis of ane-mailarchive by applying the proppsedmethal
in Sectiord. Finally, we give conclusios in Section5.

2. ANNOTATION SCHEME FOR
REPRESENTING
ARUGUMENTATION STRUCTURE

To captue designrationale at low cost, we propose a

schemein which usersare asked to annotatethe design
documentsor e-mailsto indicate‘designissues’or ‘design

decisions’ IDIMS thenprocesseslocunentsande-mails
to collect anndations and storesthemto Issue/Decision
Repository

I/D repasitoryis intencedto beusedo captue argumen-
tation perspectie of designratiorale [7]. We regad the
anndation of issuesand decisionsas a light-weigh ver
sionof designrationde representationcompaedto exist-
ing representatiosssuchasIBIS [2] or QOC|8]. Insteadof
requring usersto build a separatelesignrationalestruc-
ture, the methal aims at capturirg designratiorale with
minimal additinal cost. We adoged simple represeta-
tion to mitigatethe costof formalizing argumentatio. It
is repatedthatthecostassociateavith formalizationis an
inhibiting factorof the useof algumentationformalismto
captue designrationale[1, 6, 8]. By adopging simplefor-
malismandlesseningheburdenonuserswe wantto shed
light on onesideof captue bottlereck problem.

In repesentingargumentationstructure,we useissues
anddecisionsasbasicconstructs.Issuesare prodemsor
concensabou thedesignor implementationof the devel-
oping system. Decisionsareresolutiors to issuessuchas
tradeoff betweerconflictingdesigrnparaneters.lssuesand
decisionscanbelinked,andconstructa directedgraph. A
link from anissueto a decisionindicatesthat somekind
of decisionhasbeenmadeon theissue. Inversely a link
from a decisionto anissuewould meanthatanewv concen
hasemepged on the decisionthat hasalreadybeenmade.
A link from anissueto andherissuewould meanthelatter
is a sub-issueof the former, or the latter inducedthe for-
mer. A link from a decisionto anotherdecisionindicates
thelatteris anauxiliaty of theformer(Tablel).

Link Type | Description
I — D A decisionwasmadeonanissue.
D—1T A new issuearoseonadecisionwhich
hasalreadybeenmade.
I, — Iy | Thelatterissue(l,) is ansub-issuef
theforme (17).
D, — Dy | Thelatterdecision(D,) isanauxiliary
decisionto theformer (D).

Table 1: The implicatiors of links in the issue/decision
structue.

3. INTEGRATED DESIGN
INFORMATION MANAGEMENT
SYSTEM (IDIMS)

Basedon the concep of knownledge regycling, we are
developing a prototype systemcalled Integrated Design
Information ManagementSystem(IDIMS). IDIMS con-
sists of four componers, each of which correspads
to the information typesit can hande: docunent man-
ager issue/decisiomanager, e-mail managr, functional-
structue managr. IDIMS is a web-tasedsystem,and
usersaccesdo the systemvia weh Configuation of the
systemis shavn in Figurel.

Document Repository

IDIMS hasa docunentrepositoy which storesthe dow-
merts producedduring the developmen processlt is im-
plemeited as a Java RMI service,and usesMySQL for
storingdata. A web interface is provided for the userto
browsethe repositoy. The usercanadd,searchandre-
trieve documentsthroudh theinterface. Figure?2 is anex-
ampe of adocumentbeingdisplayedin awebbrowser To
bedisplayedn webbrowsers HTML pagesaregeneated
from XML documentswith XSLT technolagy. Usercan
alsoretrieve theorigind PDFdocunent.

XML is the primary forma of docurents used in
IDIMS. However, it hasa mechaismto corvert PDFdoc-
uments to XML, and storeshoth the original PDF file
and XML documentin the repositoy. XML format was
adgtedto allow embedling designrationaletagsin doau-
merts. IDIMS alsoaccepte-mails.E-mailsarecorverted
into XML format by E-mail Managerand storedinto the
repasitory. E-mail Manage is describedater.

| ssue/Decision Repository

Issue/deision (I/D) repositoy stores issue and deci-
sion annotgions to documents. We implemetted Is-
sue/DecisionViewer, which is a tool for viewing issues
anddecisionin the repository Issue/DecisiorViewer is
a Windows applicdion thatconrectsto the I/D repaitory
andvisualizethe I/D structue (Fig. 3). Userscanregis-
ter, searchandview issuesanddecisionsn the database.
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Figurel: Thesystemconfiguationof IDIMS. Comporentsin the boxwith thick lineswerebuilt by theauthas.

With this view, theargumentatia structurevould beread-
ily visible to the user Usercanregisterissuesanddeci-
sionseitheraloneto thedatalase or asanndationto apart
of document.

For utilizing recoraed agumentation structure,IDIMS
providesthefollowing features:

Listing unresolved issues. IDIMS provides a featue to
list thosethread of discussiorwhich do not have de-
cision. This featue wasimplemened in orderto help
usersidentify unresolved issues.By this feature users
canalways returnto the archive of e-mail discussion,
and find thoseissueswhich have not beenconsideed
yet.

Thread-based search. IDIMS provides a threadbased
searchmechaism. It searchedor similar threadsin
the Issue/DecisiorRepositorybasedon a modification
of TF/IDF rankng. It wasmodfied sothata threadof
discussionis treatedas a docurent, insteadof treating
eache-mailmessagasadocunent.

E-mail Manager

E-mail manage processesannotatedck-mailmessagesk-
mail manageris implemerted as a mail filter. It is con-
figuredto receve mails sentto a designatednailing list
addess. Upon receving an e-mail, the filter program
transfams the messagdo an XML docunent, storesit
to the document datatase. When the messagds stored
to the docunent databaseanrotationsin the docunent
are extracted and storedin the I/D repositoy. Eachis-
sue/decisiorns given a unique ID numker whenregistered
tothel/D repasitory.

Then thefilter progamsendoutthe messagéo mem-
bersof themailinglist. Whensendirg outamessagdilter
programattaches templatefor reply. This templatecites
the original messagavith citationsanndated. Annatated
citationsin reply templatesaregiven referencesto the an-
notatia in the original messageisingthe ID assignedIn
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Figure 2: A documentdisplayedin awebbrowser Tagged
blod of text is shavn in abox with acolar.

thisway, links betweerissuesanddecisionsn e-mailsare
semi-atomaticallyconstructd, andthreadsof discussion
arerecoded.

4. UTILIZING ARGUMENTATION
STRUCTURE OF E-MAIL
COMMUNICATION

Toillustratehow the metha improvesthe communication
anddevdlopmern process,we analyzedhelog of asatellite
proect developersmailing list. Oneof the authorsmanu-
ally anndatedabou 700e-mailsfromthelog, andwe gota
setof agumentstructuresWe courtedthe numker of 'un-
resohed issues’,which are thoseissuesthat do not have
decisiors associateavith them,andcateyarizedthem.We
comparedtwo threadstructuresof the e-mails: the struc-
ture built from e-mails’ In-Reply-To referecesand the
structue built from Issue/Decisiomnndation.

During the analysis,we found several casesn the log
which illustrate the communicationproblem. One of the
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Figure3: A screensbt of Issue/DecisioViewer.

problem found was that the sameargumenton an issue
reaparsandit is notbasednthedecisionghathave al-

readybeenmade To avoid thesekind of reappedng argu-

ments,we proposethreadbasedsearchingnechanismin

an preliminary expeliment, althoudn threadbasedsearch
did notshaw significantimprovementover keyword-tased
searchcompared in precision, threadbasedsearchwas
more robust in finding similar threads,while keyword-

basedsearchwassensitve to thekeyword selection.

Theanalysisshavsthatthepropsedanndationscheme
is promising in capturirg designrationaleandimproving
comnmnunicationprodems. However, further userstudies
arerequirel to prove the cost-efectivenesof the method
whichis theauthas final goal.

The following sectionsdescribeghe analysisof e-mail
comrunication betweendevelopers of INDEX satellite.
INDEX is a piggybacksatelliteunderdevelgpmentat the
Institute of Spaceand Astronautich Science(ISAS) of
Japan.E-mailsweretaken for analysisfrom the develop-
ersmailinglist archive. Theauthas annotéed679e-mails
with theannotatio schemealescribedn Section2.

Unresolved | ssues

We hypothesizedhat issueswhich do not have explicit
decision(unresolvedissue$ could becomea problem af-
terwards. By usinglssue/DecisioViewer’s capaliity to
searchfor unresohedissues,we identified 84 unresohed
issues. We cateyolized unresoled issuesinto five types
asshawn in Table2. “No respmse” mears that thereis
no correspading decisionfor theissuein the e-mailsan-
alyzed. For “Unknown” type of issuesauthas could not
uncerstandvhattheprodemwas.We coun “no response
and “unknown” type of issuesas net unresohed issues.
Thus,thefrequeng of unresoledissuesappeaing in the
mailinglist becanesonein everyeleven e-mails.We could
not find a casein the archive wherean unresoled issue

| Type | Count |
Decision exist in a different thread | 11
from theissue.
Issuewassucceedg by anotherissue | 2
in otherthread.

Theissueseemedo beresohed, 9
but thedecisionwasnot madeexplicit

in mailing list.

No resporse 56
Unknown 6
Total 84

Table2: Catgorizatian of unresoledissues.

MTQ Magnetictorquer An electromagnetisedfor al-
teringthe attitudeof a satelliteby generatingelectro-
magneticfield, which interactswith terrestrialmag-
netismandinducestorque.

OBC On-BoardComputer

PCDYN A dynamicssimulatorwhich actsasan ervi-
ronmentfor the testingof the satellite attitude con-
troller. It takesthe controllers outputsasits inputs,
andprovidesits outputsto controllersinputs.

Table3: Acronymsusedin the scenaricexanples.

laterbecomehe causeof aproblem. It mightbethatthose
unresdvedissuesarenotreally left unresolved,andthede-
cisionsmadearenot repoted with e-mail. However, it is

importantto explicitly representingdecisions.Otherwise,
thereis alwaysa risk of unresoled issuesnot beingcon-
sideredandleadingto anfailure.

Unattended Decisions

In analyzirg the INDEX prgect mail archive, we have

found several caseswherean issueis raisedon a matter

on which a decisionhasalreadybeenmade. An exanple

is shavn in Fig. 4. Acronymsusedin the examge areex-

plained in Table3. Although in Threadl (Fig. 4(a), Cis

statingon how to measurehe output for MTQs, B raises
anissuerelatedto measuremerof MTQ currentin Thread
2 (Fig. 4(b). This caseillustrateshow miscommunica-
tion or misunerstandingsanhagpen. In this case misun-
derstading wascorrectedy anothermemberanddid not

leadto afatal consegence.However, it is possiblethata
misuncerstandig hapgenson a critical matter the projed

proceedswithout it beingcorreded, andfinally resultin a
failure

Oneway to redice thesekind of misundestanding or
misconmunicatiors is to improve accessibilityto informa-
tion suchasdesigndecisionsanddesignratiorales.



A (Issue): What arethe pin numbersfor the outputto
magnetidorquers(MTQ)X, y, andz-axis)?

C (Decision): Thepin assignmenof P2conrectoris as
follows:
X-axis: 20and8
Y-axis: 21 and9
Z-axis: 22and10

Note that you needto connecta register of resis-

tancebiggerthanthe torquers resistanceywhenyou
measurethe output without an actual torquer con-
nected Becauseheoutputvoltageis thepotentialdif-
ferencefrom the signalgrourd producedby a bridge
circuit, measuringby an oscilloscopewith a single
probe could causea shortcircuit. In suchcase,use
two probesandreadthe potentialdifferencebetween
them.

(a) Threadl: A is askingthepin assignmentor the output
to MTQs. Cisrespondngto A, with a cattion on how to
measurehe outputswithout actual torquersconneted.

B (Issue): We needto considerthefollowing points:
1) Operatingwithoutload,PCDYN cannotgetcorrect
MTQ statusbpecausét is producedby measuringhe
torquers current.
2) It is possibleto changethe specificationof the
pseud-sensorso that the PCDYN directly getsthe
OBC output. It takesabou 3 hoursfor thechange.

D (Response): | thought we have agreeduponusingre-
sistorsin placeof MTQs, whenwe discussedhetest-
ing system.If the dynamicssimulatorshoulddirectly
getthecommandff theon-baardsoftware,thereisn’t
muchreasorto usethedynamicssimulatorasit is the
sameasoff-line simulation.If you areto evaluatethe
attitudecontrolsystemthetestof MTQ driver should
beincludedaswell.

B (Decision): You'reright. | keepforgettingthings.
(b) Thread2: B states a problem on measung the MTQ

currentwithoutload. D pointsoutthatit hasbeen dedded
to usealoadin placeof actual MTQ whentesting.

Figure4: An examge of raisinganissueon a matter on which a decisionhasalreadybeenmade.

5. CONCLUSION

In this paper we proposeda methal to captue designra-
tionalefrom e-mailcommuication. The methodwasim-
plemenedin IDIMS, a praotype systemdevelopedasa
platform for knowledgeregycling. Although the resultof
preliminary analysisis promising, we still needto testthe
methal in a userstudy We planto condict auserstudyin
astudentprojectto developa smallsatellite.
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