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Abstract

Whenperformingevolutiontasks softwae enginees fo-
cuson both the low-level changesrequired and the effects
thosechangeswill haveon the systens design. The De-
signSnippetsTool geneatespartial designrepresentations
intendedto help enginees addressone designcriterion:
easeof change In this paper we describea studyin which
participantsusedthe DesignSnippetsTool and other aids
to performa restructuringtaskfocusedon easeof change.
Our ndings describehow participantsproceededhrough
the restructuringtaskand how they usedthe DesignSnip-
petsTool. Theresultsshowthat participantsusedthe De-
sign Snippetsiool for high-level taskssud asdiscovery of
designproblems,identi cation of restructuringgoals,and
con rmation of designimprovements.

1. Intr oduction

Software engineersintend to build and maintain soft-
ware systemsthat meetnot only functional requirements
but alsorelevant designcriteria. Commondesigncriteria
for software systemsinclude easeof change,easeof un-
derstandingtestability and robustness. When modifying
existing code, software engineerdocus on both the low-
level changesneededand the implicationsthosechanges
will have on the systems$ design. For example, software
engineerg&xaminewhetherchangewill affectthesystems
adherenceo relevantdesigncriteriaor whetherthe system
shouldberestructuredeforechangesreimplemented.

Today's integrated development ervironments (IDES)
provide signi cant supportfor browsing code, navigating
throughcode,and editing code. Software engineershave
farlesssupporthowever, for thehigh-level designdecision-
makingthey performasthey investigate and modify exist-
ing code.Somesoftwareengineergatherlow-level results

from tools suchasgrep andthen processt into design-
level information. Softwareengineerslsoturn to low-tech
toolssuchaswhiteboardsandnotebooks.

Both low-level tools and low-techtools have somead-
vantages.Neitherrequiresthe useof a formal designno-
tation; freedomfrom suchnotationsis convenientwhenan
engineemustdivide attentionbetweendesign-leel ideas
and code-level modi cations. In addition, thesetools re-
main usefulwhenexisting codeis incompleteor in anin-
consistentstate. Nonethelessthesetools do not provide
directsupportfor evaluatingan existing systems design.

We have developeda new tool that providesbettersup-
port for onedesigncriterion: easeof change. If software
is undegoing active evolution, then easeof changeis es-
sential[10]. Easeof changeis a comple criterionthatis
affectedby mary propertiesof a software system. For the
purposesof designingour new tool, we focusedon three
change-relatedlesignrules from the literature: (a) hide
volatileimplementatiordetailsbehindaninterface[14], (b)
reducecouplingbetweermoduled1], and(c) if volatile de-
tails mustbe revealedto someclients,thenrestrictclients
who do not needprivileged detailsto a narraver interface
[3].1 Ourtool displaysinformationrelevantto compliance
with thesethreedesignrules.More speci cally, thetool an-
alyzescodeto generatepartial designrepresentationthat
we call designsnippets

In this paper we describean investigation into support
for easeof changeduring software evolution. We present
the resultsof a studyin which participantswere asked to
perform a restructuringtask. Participantscould use stan-
dard IDE features,pen and paper and our new tool that
generateslesignsnippets. In Section2, we introducethe
restructuringtask that participantswere asked to perform.
Thistaskis usedasarunningexamplewhenwedescribehe

1othersoftwareengineeringlesignrulesalsopromoteeaseof change.
For example,Parnashasdefinedrulesfor easeof extensiorandcontraction
[15]. Accommodatiorof theseadditionalrulesis a subjectof futurework.



DesignSnippetsTool in Section3. In Sections4 through6,
we describeour studyin detailandpresentesults.Sections
7 and8 discusgelatedwork andconclusionsespectiely.

2. The restructuring task

We conductedhe studypresentedn this paperto learn
more aboutdesigndecisionsmadeduring evolution tasks
andto explore whatvalueour tool mightprovidewhenmak-
ing decisiongelatedto easeof change. Thestudyobseres
theuseof ourtool andotheraidsduringarestructuringask.
In this sectionwe introducetherestructuringaskwe asked
study participantsto perform. The next sectionintroduces
theDesignSnippetsTool usingthis taskasarunningexam-
ple.

The restructuringaskmotivatesuseof the designrules
describedn the Sectionl. Mostsmalltaskscannotrealisti-
cally requireapplicationof all threedesignrules,sowelim-
ited the scopeof our taskto the rst two designrules. The
taskwasinspiredby the descriptionof the Strateyy pattern
in DesignPatterns[5]. Oneapplicationareafor Stratey
describedn the bookis text input validation.

We createda simpleapplicationthatvalidatedtext input
but did not usethe Strategyy patternto implementinput val-
idation. Insteadthe applicationimplementedvalidationin
amorecoupledandless e xible way. We call this applica-
tion the “InputForm? The task given to participantsis to
restructurethe InputForm applicationto male it easierto
change.

2.1.The InputF orm application

The InputForm applications GUI containsthree text
elds. A userinputsa date,a phonenumber anda social
securitynumber Whena userclicks the“Enter” button, the
applicationvalidatesthe enterednputs. If theformatis in-
valid, the applicationdisplaysthe messagéFormatError”

The InputForm applicationis implementedusing six
Java classesand one Java interface. TestDriver  con-
tainsthe Swing GUI codeneededo provide an appealing
look andfeel to the application. It is not critical to the re-
structuringtask. The InputForm  classcreatesereralin-
stancef the TextBox classto populatethe form. The
remainingthreeclasses- PhoneFormat , DateFormat
andSSNFormat —all implementthe Format interface.

Key portionsof the applicationrelatedto the restructur
ing task are locatedin two methodsof the InputForm
class:createTextBoxes  andcheckFields . An ex-
cerptof sourcecodefrom thesetwo methodss listedbelow.

public  JPanel createTextBoxes() {
JPanel panel = new JPanel();
/lcreate a date field
dateField = new TextBox();

dateField.setFormat(new
JLabel dateLabel

= new JLabel(date+":" + "YYYY/MM/DD");
dateLabel.setLabelFor(dateField);

DateFormat());

/lcreate a phone field

TextBox phoneField = new TextBox();
phoneField.setFormat(new PhoneFormat());
JLabel phonelLabel

= new JLabel(phone+": U+ (-,
phonelLabel.setLabelFor(phoneField);

/I create a SSN field in the same way...
/I add each field

/I TextBox instances
textboxes.add(dateField);

textboxes.add(phoneField);
textboxes.add(ssnField);

to an array of

/I add textboxes to panel (omitted here)
return  panel;
}
public  boolean checkFields() {
Iterator i = textboxes.iterator();
boolean result = true;
while  (i.hasNext()) {

TextBox textbox
Format format

= (TextBox)i.next();
= textbox.getFormat();

String data = textbox.getText();
if (format instanceof DateFormat) {
DateFormat f = (DateFormat)format;
if  (textbox.check(f, data) == false) {
result = false;
}
}
if (format instanceof PhoneFormat) {
PhoneFormat f = (PhoneFormat)format;
if  (textbox.check(f, data) == false) {
result = false;
}
}
if (format instanceof SSNFormat) {
/I ... analogous code here
}
}
return  result;

}

Despitethe existenceof threeformat classesthe code
thatperformstheactualinput validationis containedwithin
the TextBox class. TextBox actually containsthree
methodsnamedcheck , eachonetaking a differenttype
of formatasa parameter TextBox alsocontainsnumer
ousstatic nal constantghatareusedby thecheck meth-
ods. InputForm caststhe Format instanceassociated
with each TextBox instanceand then calls one of the
TextBox.check  methoddo executetheinput checking.

This codecontainsnumerousviolationsof the rst two
designrules mentionedin Sectionl. First, implementa-



tion detailsaboutinputvalidationarenotadequatelhidden
from InputForm : createTextBoxes  hasknowledge
of formatstrings(suchas“YYYY/MM/DD") andcheck-
Fields makesassumptionaboutthetypesof formatsthat
are returnedfrom TextBox.getFormat() . Secondly
thereis unnecessarilyight couplingamonglnputForm
TextBox , andall threeformatclassesAdding new kinds
of text elds to this applicationis tediousanddif cult.

2.2.The task and a plausible solution

Thetaskwasgivento studyparticipantsasfollows:

Restructue the InputForm application, with the antic-
ipation that different kinds of text elds will be addedin
the future. For example a plannedfuture change involves
addingtext elds for “Zip code’ “Creditcard numbe} and
“Expirationdate” All threeofthenew elds will neednput
validationaswell.

Your taskis to restructue the existing application to
male the softwae easierto changg, giventhe knowledg
of this upcomingchange request.

Oneplausiblesolutionto thetaskis to applythe Strateyy
patternto the application. Input validationwould be per
formedby the threeformat classesnot TextBox . For-
mat would be changednto a classandwould hold general

constantdik ely to beusedby multiple Format subclasses.

Format subclassesvould be responsiblefor preparing
the format strings usedin createTextBoxes These
changesvould encapsulaténput validation detailsbehind
theFormat interface.

As statedin the DesignPatternsbook, a known feature
(or aw, dependingnyour perspectie) of the Stratgy pat-
ternis that “clients mustbe aware of different Stratejies”
[5, page318]. In otherwords,the InputForm  muststill
know which of the Format subclasseto instantiatewvhen
creatingatext eld. BecausdnputForm is asimpleap-
plication, this featureof Stratgy maybeacceptableAlter-
natively, arestructuringnayalsoincludeapplicationof the
Factorypattern. A well-implementedactorycould encap-
sulatethe creationof TextBox instancesndtheir associ-
atedformatsfrom the InputForm classandthusremove
the couplingbetweeninputForm andthe Format sub-
classes.

3. The DesignSnippetsTool

TheDesignSnippetsTool generatepartialdesignrepre-
sentationgdesignsnippet¥ from code.A designsnippetis
apartial,lightweightdesignrepresentatiothatis displayed
with anassociatednit of codeandis usefulfor designeval-
uation. Theusagescenaricassumeshatsoftwareengineers
will view codeanddesignsnippetsat the sametime or in
the samesmall time frame. Co-displayof designsnippets

and codecreatesa sharedcontet thatincreaseshe com-

prehensibilityof snippetsandallows the softwareengineer
to focus more easily on designdetailsrelatedto a unit of

interest.

Whenevaluatinga single unit of a codebaseengineers
often needto considerthe unit's relationshipswith other
partsof the codebase.Designsnippetsassistin this task
by providing both information aboutthe currentunit and
relevantinformationaboutother partsof the codebaseln
otherwords, designsnippetsare partial but not local. De-
signsnippetoffer abroadercontet thatsupportdecision-
makingyetis sufciently scopedo easdransitiondetween
viewing codeandsnippets.

Snippetsarelightweightin severalsensesFirst,they are
designedo be usedconcurrentlywith code. Secondthe
unit of codeunderconsideratioasasetof associategnip-
petsthatareautomatically quickly, andstaticallyextracted
from the codeandkept up-to-dateasthe codeis modi ed.
(The analysisof the codeis donestatically) Third, they
aredesignedo be easyto integrateinto existing software
evolution processes.

TheDesignSnippetsTool is implementedasa plug-into
the EclipseJava IDE [4]. SinceEclipseprogrammer®dit
Java les, the“unit” of codeassociatedvith eachsnippet
isaJava le. The DesignSnippetsTool displaysthe setof
designsnippetsassociatedvith the active Java le. Figure
1 shaws a screenshobf the Eclipse IDE with the Design
SnippetsTool plug-in. The snippetsappeabelow the code.

Figure 1. The Eclipse Java IDE with Design
Snippets Tool plug-in

The Design SnippetsTool currently computesfour de-
sign snippets,eachsupportingone of the three “ease of
change”designrulesdescribedn Sectionl. TheInforma-
tion Hiding snippetand Type Assumptionsnippetsupport
adherencdo the rst designrule (hide implementatiorde-
tails). The Dependenciesnippetsupportsadherencéo the
seconddesignrule (reducecoupling). The De Facto In-
terfacessnippetsupportsadherenceo the third designrule



(restrictnon-prvilegedclientsto anarrav interface).As we
describeeachof the snippetswe will provide examplesof
the snippetviews thataregeneratedrom les in thelnput-
Form application.

3.1.Information Hiding snippet

The Information Hiding snippet provides information
that helpsthe programmesevaluatethe separatiorbetween
interfaceandimplementationThesnippetcomputes view
of the interface and implementationof eachtype de ned
in the associatedlava le. The interface view lists su-
perclassessuperinterices andnon-private membersigna-
tures. The implementatiorview lists private membersig-
naturesand “other classeaused” by the class. The “other
classesised”areneitherparametersior elds, but theim-
plementatiordepend®nthem. Thesedependenciesannot
be determinedrom perusalf the classdeclaration.

Using the InformationHiding snippet,a software engi-
neercanidentify relationshipsevealedby theinterfaceand
relationshipshiddenby the implementation.The snippets
displayis organizedfor easycomparisornof interfaceand
implementation.

Figures2 and 3 displayscreershotsof the Information
Hiding views associateavith TextBox.java. We presenthe
interfaceview andthe implementatiornview separatelybut
in theactualtool they appearside-by-side.

Figure 2. Information Hiding view for
Textbo x.java, interface portion
Figure 3. Information Hiding view for

Textbo x.java, implementation portion

3.2.Type Assumptionssnippet

The Type Assumptionssnippetlists castsof parameters
andreturnvalues. Thesecastsmatterbecausehe method
signatureis the interface betweencaller and callee. If a
calleecastsa parameterthenit makesanassumptiorabout
the datapassedo it by the caller. If a callercastsa return
value,thenit makesanassumptioraboutthe datapassedo
it by the callee. Theseassumptionwiolate the separation
betweerinterfaceandimplementation.

Figure 4 shaws the Type Assumptionsview associated
with TextBox.java. The view shaws that InputForm
makesassumptionaboutthe possiblerun-timetypesof the
Format instanceeturnedirom TextBox.getFormat

Figure 4. Type Assumptions view for

Textbo x.java

3.3.Dependenciesnippet

The Dependenciesnippetdescribesnterclassrelation-

ships.Givena setof typesT de ned in the currentlyactive
le, the Dependenciesnippetdisplayswhichtypesdepend
on T andwhich typesT dependson. Edgelabelsindicate
the causeof the sourceandsink's relationship? Typesare
clusterednto groupingshasedn Java packagessodepen-
dencieghatcrosspackageboundariesreeasilyidenti ed.
DesignSnippetsTool userscanalsochooseo elidedepen-
denciesin orderto focuson classef interest. The De-
pendenciesnippetis intendedto help software engineers
reducecouplingbetweemmodules.

Figure 5 shavs an example of the Dependenciesiew
associateavith InputForm.java . Edgelabelsareasso-
ciatedwith the edgeto the left of thelabel. Dependencies
to Javalibrary classediave beenelided.

3.4.De Facto Interfaces snippet

The De Facto Interfacessnippethelpsthe programmer
identify the width of interfacesusedby clients. A defacto
interface[9] is the setof membersctuallyusedby aclient.
For eachtype de ned in the currently actve le, the De
FactoInterfacessnippetreportsa list of clientsandthe de

2For example, A @nav® B meansthat A dynamicallyinstantiatesan
instanceof B. A full explanationof all edgelabelsappearelsavhere[17].



Figure 5. Dependencies view for

Form.java

Input-

factointerfacefor eachclient. With the De FactoInterfaces
snippet, software engineerscan evaluatewhethervolatile
designdetails are being properly restrictedto privileged
clients.

An alternatve view of the De Facto Interfacessnippet
reportsalist of membersanda setof clientsfor eachmem-
ber This reorderingis similar to a call graph. The call
graphstyle maybe moreusefulto softwareengineersvhen
the third designrule (restrictnon-priilegedclients)is not
immediatelyrelevant.

Figure6 shavs the De Factolnterfaceviews for Phone-
Format.java.

Figure 6. De Facto Interfaces views for Phone-
Format.ja va

4. Study

The purposeof the studywasto obsere useof the De-
sign SnippetsTool and othertools during a restructuring
taskfocusedon easenf change We wantedto seeif theDe-
signSnippetsTool providedvalueto studyparticipantsand
in particularwhetherthe DesignSnippetslool helpedstudy
participantswith designdecision-makingelatedto easeof
change.

Any restructuringaskis open-endedby nature,andwe
expectedstudyparticipantdo approacthetaskin different
ways. In additionto understandinghe value of the Design

SnippetsTool, we wereinterestedn two speci ¢ questions:
How did studyparticipantsusedesignsnippets?and How
did studyparticipantsdecidewhatto change?

4.1.Method

Eight subjectsparticipatedn the userstudy— two were
software engineeringpractitionersfrom industry and six
weregraduatestudentsn computerscience.All eightpar
ticipantswereexperiencecrogrammers.

Sessionsangedin time from 60 to 90 minutes.All par
ticipants rst reada setof tutorial slides. The tutorial in-
troducedthe rst two designrulesfor easeof changemen-
tionedearlier(“Isolateimplementatiordetailsbehindanin-
terface” and “Reduce coupling betweenmodules”). The
tutorial then describedhe four designsnippets. Only the
call graphstyle of the De Facto Interfacessnippetwasde-
scribed.Studyparticipantsvere permittedto askquestions
asthey readthetutorialandthroughoutheremaindeof the
session.

After reviewing the tutorial, userswere given a short
handoutthatdescribedall the edgelabelsof Dependencies
shippetgraphs. Study participantscould chooseto review
the edgelabelhandouimmediatelyor resere it asarefer
encefor lateruse.

Studyparticipantsverethengiven a functionaldescrip-
tion of the InputForm application. Upon review of the
functional description the study participantsaunchedthe
EclipseIDE andwere shavn the codefor the InputForm
application.The studyparticipantaverealsoshown thelo-
cationof thefour designsnippetviews in the EclipselDE.

Eachuserthencompletedhreewarm-uptasksdesigned
to give themfamiliarity with boththe DesignSnippetsTool
andthelnputForm application.Examplequestiongrom the
warm-uptasksinclude “What classeslependon Phone-
Format ?” and “Who calls TextBox.getFormat — ?”
The warm-uptaskswere designedtio be completedusing
the Design SnippetsTool, but userswerefreeto nd an-
swersdirectly from perusalof the codeor by usingother
tools available in the EclipseIDE. Userswere allowed to
ask questiongrelatedto both the Design Snippettool and
otherfeaturesf the EclipselDE.

After the warm-uptasks,study participantswere given
therestructuringaskasdescribedn Section2.2. After the
restructuringtask, study participantsanswerecda seriesof
follow-up questions.

Each study sessionwas attendedby a facilitator and
a notetaler. Study participantswere encouragedo think
aloud[11] during both the warm-uptasksandthe restruc-
turing task. For six of the eight participants,we recorded
mouseandkeyboardactionsusingscreercapturesoftware.



4.2.Two study sessiomarrati ves

In this section,we presentwo studysessiomarratves.
In the next section,we will summarizeour ndings from
analysisof all study sessionnarratves. To help presere
anorymity, all participantawill bereferredto usingfemale
pronouns. The narratves were createdby memging hand-
written notesfrom the user sessionswith screencapture
data.

Thesetwo narratvesillustrate two differentusagesce-
narioswith the DesignSnippetsTool. ParticipantA is very
familiar with the Eclipse IDE and usedits functionality
alongwith extensve review of the code. Sheuseddesign
shippetsbrie y during the startand end of the restructur
ing task. ParticipantB, in contrastmadeextensie useof
designsnippetsbeforemodifying the code. Eachnarratve
demonstratesvaysin which designsnippetscanbe incor
poratednto the evolution process.

Participant A. ParticipantA is a graduatestudentin
computerscience. ShehasusedJava extensvely over the
last ve yearsandhasusedthe EclipseIDE for oneyear
This participant nished therestructuringaskvery quickly
comparedo otherparticipantsusinglessthan20 minutes.

Initial exploration and identi cation of design prob-
lems. When the participantbegan the restructuringtask,
shelooked brie y at the Dependenciesiew of Input-
Form. The participantthenwenton to studythe codefor
InputForm , DateFormat , andTextBox . While view-
ing TextBox.java, the participantsav declarationsfor the
threecheckmethodsn Eclipses Outlineview.® Thepartic-
ipantsaidaloud,“Oh ugliness!”

Solutionapproadc. The participantthen proceededo
move the checkmethodsout of TextBox into the three
format classes. Due to compiler errors generatecby her
changesthe participantmoved TextBox 's elds into a
new abstracbaseclasscalledAbstractFormat

After completingthe restructuringtask. At the end of
the restructuring,the participantlooked at the Dependen-
ciesview of InputForm . Shenotedthattheview “shows
no more casts. The participantstatedthat therewas no
more restructuringto do. The participantalso saidthat it
would take time to learnhow to usedesignsnippetseffec-
tively. Sheaslkedif shecouldinstallthedesignsnippetgool
on herpersonamachinesothatshecouldlearnto betterin-
corporatst into herprocess.

Participant B. ParticipantB worksfor a medium-sized
softwarecompary. ShehasusedJava for over threeyears
but hasnotusedtheEclipselDE previously. Theparticipant
spent30 minuteson the restructuringask.

Initial explorationandidenti cation of designproblems.
The participantbegan by reviewing the codeof Input-

SEclipses Outline view lists the membersf all classeslefinedin the
currentJavafile.

Form, the Information Hiding view of PhoneFormat
andthe Dependenciesiews of PhoneFormat andSS-
NFormat . After thisexploration,theparticipantstatedhat
InputForm andTextBox weretoo coupledto thethree
formatclasses.

The participantwentonto studymoresnippetviews and
code,including the Type Assumptionsview of TextBox
(which shavs the castsof getFormat  'sreturnvalue),the
Dependenciesiew of InputForm , andthe codefor In-
putForm.createTextBoxes . At thispoint, thepatrtic-
ipant statedthat createTextBoxes  containstoo much
codeandthatinputForm shouldnotneedto changemuch
whennew text elds areadded.

The participantthenviewedthe codeand Dependencies
views of PhoneFormat and Format , followed by an-
otherreview of InputForm code. At this point, the user
suggestedhat applicationof the factory patternmight re-
move the couplingbetweennputForm  andthethreefor-
matclassesThe participantalsoproposedh new classthat
wouldencapsulataJLabel instanceaFormat instance,
anda TextBox instance.InputForm would instantiate
instancesf this compositeclassinsteadof all threesepa-
rately.

The participantmoved on to the Dependenciesiew of
TextBox . She statedthat “TextBox dependson too
much” Shethenusedthe De Factoview of TextBox to
determinethe caller of Textbox.check . The De Facto
view led herto InputForm.checkFields

Solutionapproad. The participantthen endedher ex-
ploration and began restructuringthe application. She
converted Format to a class and moved validation-
relatedconstant§rom TextBox to Format . TextBox 's
check methodswere moved to the three specic for-

mat classes. The participant then returned to In-
putForm.createTextBoxes andreplacedthe magic
strings (e.g. “YYYY/MM/DD”) with calls to For-

mat.getFormatString

After completingthe restructuringtask. The participant
statedthatif shehadmoretime, shewould implementthe
compositeclassdescribecearlierandthenstudythe design
snippetviews to explore the effects of her changes. The
participantalso mentionedthat the Type Assumptionsand
Dependenciesiews for TextBox helpedheridentify de-
signproblems.

5. Findings fr om study sessiomarrati ves

In this section,we summarize ndings from seven of
the eight study sessions.To analyzestudy sessionnarra-
tives,we partitionedeachsessiomarratie into a seriesof
episodes.Eachepisodeconsistsof actionsand statements
madein the sametime frametowarda singlepurpose.Use
of thethink-aloudprotocolgreatlyassisteaur ability to as-



certainthe purposeof participants'actions,andthe process
of building episodesnabledusto connectactionswith in-
tentions.Wethenreviewedtheepisodegor eachparticipant
to answemuestion®f interest.

We omitted one sessionfrom our analysisbecauseahe
participantnvolveddid notcompletetherestructuringask.
Thisparticipantstatedhatthetaskaswritten suggestethat
only threenew text elds would be added,andthat three

elds was not enoughmotivation for seriousrestructuring
of the InputForm application. The participantproceeded
to adda new text eld to the application,but the task of
addinga new text eld is fundamentallydifferentthanthe
restructuringaskthatall otherparticipantompletedThis
participantdid not usedesignsnippets.

Sectionss.1 and5.2 summarizeour answerdo the two
guestionsposedin Section4.1. In Section6, we discuss
whatour studysuggestsboutthevalueof the DesignSnip-
petsTool.

5.1.Howdid study participants usedesignsnippets?

Sevenstudyparticipantschoseto usedesignsnippetsas
they completedherestructuringask.We cateyorizedthese
usesbasedon the actionsand statementshatimmediately
precededindfollowedsnippetuse.

To identify design problems. Four participantsused
designsnippetsto identify designproblemswith the sys-
tem. Designproblemswereidenti ed from the Type As-
sumptionsview of TextBox , the Dependenciesiew of
TextBox , andthe Dependencieview of InputForm
Study participantsmade commentssuch as “Oh, | see.
It's anngying that TextBox explicitly depend®on [format
classes].

To plan restructuring or identify restructuring goals.
Threestudy participantsuseddesignsnippetsto plantheir
restructuringor to identify objectves. After seeingthe De-
pendenciesiew for InputForm , oneparticipantdecided
her restructuringshouldremore the “cast” edgelabel be-
tweenlnputForm andtheformatclassesTheparticipant
statedafter the task that the undesirableedgelabels gave
hera goal. After reviewing designsnippetsandcode,two
participantgdren Dependencies-li&kdiagramsn paperthat
describedhe inter-classstructurethey wantedthe restruc-
turedversionto have.

To examine effects of changeson design. Threepar
ticipantsusedsnippetsto examinethe effects of their re-
structuringchangeson the systems design. For example,
two participantsusedthe Dependenciesiew of Input-
Form to con rm thatthe “cast” edgelabel wasno longer
present.Oneparticipantusedthe InformationHiding view
of TextBox tocon rm thatshehadsimpli ed TextBox 's
public interface. That participantalso usedthe Type As-
sumptionsview of TextBox to conrm shehadremoved

thecastof getFormat 'sreturnvalue.Oneparticipantex-
pressednterestin returningto designsnippetsto evaluate
herchangedut ranout of time.

Toincreaseprogram understanding. Four participants
used design snippetsto assistin programunderstanding
tasks. Often theseprogramunderstandindaskswere re-
lated to determiningthe effects of changingpart of the
code. One participantusedthe Information Hiding view
of InputForm  to determinewhich InputForm method
calledtheformatclassestonstructorsThatparticipantalso
usedtheDependenciegiew of SSNFormat to learnwhich
classegdependon it. One participantusedDependencies
views extensvely to learnaboutthe differentclassesn the
programandtheir relationshipdo eachother Threepartic-
ipantsusedthe De Facto Interfacesview to determinethe
callersof methods. One participantmentionedthat class
usagecanbe moreimportantwhenrestructuringhanclass
de nitions.

To discover relevant questionsabout the code. Fi-
nally, thedesignsnippetviews promptedwo participantgo
askquestionsaboutthe code. For example,oneparticipant
asled, “Why arethese elds in TextBox ?” whenlook-
ing at the InformationHiding view of TextBox . Another
participantasled, “Where are Format instancesasted?”
whenviewing the Dependenciesgiew of InputForm

5.2. How did study participants decide what to
change?

Seven participantsmadechangesn responseo prob-
lemsthey foundin the system.Participantsdifferedin the
way thatthey discoreredproblemstheway they character
izedthe problemsandthe solutionapproachethey tookin
responsdo the problems. We presentfour approacheso
problemdiscovery below.

Review of designsnippetsin the context of code. As
discussedibore, ve of the participantsuseddesignsnip-
petsto identify problemsor plantheir solutionapproaches.
Theseparticipantsdescribedproblemsin termsof classes
beingtoo coupledand returnvaluesbeinginappropriately
casted. Sometimesthe descriptionof a problemand so-
lution approachwere combined;for example,one partic-
ipant expressedhe desireto restructurethe code so cer
tain edge labels would not appearin the Dependencies
view of InputForm.java. All participantswho studiedde-
sign snippetsalso studiedthe code, and often additional
problemsor solutionideascamefrom review of the code.
For example, one participants study of castsin the De-
pendenciesiew of InputForm ledto review of Input-
Form.checkFields . Theparticipantthenstated, This
is silly. Formatclasseshoulddo their own checking

Review of the code. Two participantsidenti ed prob-
lems solely throughreview of the code. Designsnippets



may have helpedthem understandhe code, but the code
wastheir primary sourcefor identi cation of problemsand
possiblerestructuringsolutions. One participantidenti ed
aproblemareaby statingthatit did not matchherintuition.
Thesolutionapproactwasthento changehecodesothatit
bettermatchechow the participantthoughtit shouldwork.
Anotherparticipantiooked at the threecheck methodsn
TextBox anddiagnosedhe problemasoneof “trying to
handleall the types[formats]in oneclass. Sheimmedi-
ately proposedhe creationof a TextBox classhierarcly,
with oneTextBox subclasgor every format.

Useof other Eclipsefeatures. Two participantsdenti-
ed problemsusingotherEclipsetools. For example these
participantsrealizedthattherewerethreecheck methods
from Eclipses Outlineview. Both of theseparticipantsalso
studiedthe codeanddesignsnippets.

Compiler errors causedby previous changes. Once
participantsidenti ed a solution path, some participants
would immediately start making changes,while others
would rst considettheimplicationsof thesesolutionideas
on otherpartsof the code. For example,two of the partici-
pants,bothof whom primarily usedsnippetgo identify de-
signproblemsrealizedthattheir solutionapproachewould
requirethe movementof validation-relatecdonstantout of
TextBox . They madethis realizationbeforemakingary
actualchangeso thecode.In contrastfour participantgdid
not considerthe validation-relatecconstantan TextBox
until they encountereccompiler errors createdwhen they
movedthecheck methodsutof TextBox .

6. Discussion

In this section,we discussadditionalresultsthat pertain
to thevalueof the DesignSnippetsTool. We recognizethat
only eightsubjectgarticipatedn the studyandthatthere-
structuringtaskwasa problemof our own choosing.As a
result,we cannotgeneralizeour results,nor canwe claim
to completelyunderstandhe bene ts and costsof design
shippetsuse. Theselimitations affect the externalvalidity
of our study Nonethelessye believe the studyinformsour
understandingf how designsnippetscanbe usedto sup-
portdesigndecision-makingelatedto easeof change.The
studycanalsoinform ourunderstandingf how thetool can
beimproved.

6.1.Co-viewing of codeand designsnippets

Earlier in the paperwe suggestedhat designsnippets
andcodeareintendedto beviewedin the samesmalltime
frame.Thestudyprovidesevidencethatsupportghisclaim.
All studyparticipantsvho useddesignsnippetsusedthem
in the contet of reviewing or editing code. Somepartici-
pantsprimarily worked with codeandviewed designsnip-

petsinfrequently while othersswitchedbetweencodeand
designsnippetamorefrequently

Tablel describeshecontet switchesnadeby theseren
studyparticipantsvho usedsnippets A contet switchis a
switchbetweeroneJava le andanotherJava le, aswitch
betweeraJava le andadesigrsnippetview (orviceversa),
or aswitchbetweertwo designsnippetviews. For the pur
posesof this analysis,we did not considerother actions
performedby users suchasusingotherEclipsetools, run-
ning the application,or drawing diagrams. The rst four
columndlist thenumberof switchesperformedoy eachpar
ticipant(A-G). In thelastcolumn,we shawv the percentage
of context switchesthat are code-to-snippefcode/DS)or
shippet-to-cod€DS/code). Thesenumbersverecomputed
from the screerrecordingsandour notes.

Thetablesuggestshatmoststudyparticipantsswitched
numeroustimes betweendesignsnippetsand code. This
evidenceis promising,becauseurintendedusagescenario
assumeshat software engineerswill view designsnippets
asthey view andmodify code.

Table 1. Conte xt switc hes by participants

Context Switches
from from between| between percent
design | codeto | two two switches
shippet| design | snippets | Jaa that are
tocode | snippet les code/DS
or
DS/code
All 2 0 29 9%
B|3 3 9 14 21%
C|6 7 22 52 15%
D|2 2 2 18 17%
E|5 4 7 39 16%
F|9 9 5 25 38%
G|5 5 7 20 27%

6.2.Support for easeof change

The Design Snippets Tool was createdto support
decision-makingelatedto easeof change Did designsnip-
pets help participantswith design-leel decision-making,
and speci cally, did design snippetshelp with easeof
change?

Seven of the eight study participantsuseddesignsnip-
pets to identify design problems, identify restructuring
goals,or con rm thattheir changeshadimproved the sys-
tem'sdesign.Thesaypesof usedndicatethatsnippetsnay
helpwith high-level designdecision-makingindevaluation
of asystems design.



With regard to easeof change,four participantsmen-
tionedthatdesignsnippetded themdirectly to undesirable
couplingsor casts.Threeparticipantsmentionedhatdesign
shippetscon rmed that their changeshad removed casts
or improved an interface. While few of theseparticipants
explicitly usedthe phrase‘easeof chang€, mostof them
madecommentghathighlightedsymptomsor solutionsdi-
rectly relatedto easeof change We believethesecomments
indicate that design snippetshelped participantsevaluate
andimprove the systemwith regardto easeof change.

We shouldnote that participantsalso discovered“ease
of change”problemsby reviewing the code. For ex-
ample, three participantsnoticed duplicationin Input-
Form.createTextBoxes afterstudyingthe code.One
participantsaid, “If my goal is to male it easyto add
text elds, | de nitely want to make this [create-
TextBoxes ] lessrepetitive”

Whenreferringto duplicationin createTextBoxes
one participantstatedthat “It' s a bit decepte if you start
thinking that designsnippetswill shav you all the prob-
lemswith the code,becauseét doesnot” This comments
consistentwith the role that codeplaysin our usagesce-
nario. Designsnippetscannotreplacecodereview; instead,
our view is thatdesignsnippetsandcodeshouldbe studied
together Using both designsnippetsandcode,moststudy
participantssuccessfullyidenti ed and x ed problemsre-
latedto easeof change.

6.3.Scopeand availability of designsnippet
representations

Designsnippetsarepartialrepresentationd=or example,
the Dependenciesiew for TextBox displaysonly those
classeshatdependnTextBox orthatTextBox depends
on. Earlierin the paper we suggestedhatthe partialscope
of snippetsasesransitiondbetweenlava les andsnippets.
Tablel suggestshatstudyparticipantsvereindeedableto
transitioneasilybetweenlava les andsnippets.

We alsosuggeste@arlierthatthe non-localinformation
provided by snippetsoffers a broadercontet that assists
decision-making.Anecdotalevidencefrom the study sug-
geststhat participantsappreciatedhe non-localinforma-
tion. Participants'commentsnclude:

“Cool, | cangetit overhere’. (Theparticipantis refer
ring to the castsvisible in TextBox 's Type Assump-
tionsview, eventhoughthecastsactuallyoccurin In-
putForm .)

“This [the Dependenciesiew] sort of reverseswho
usesa particular[class]. . . [it'sthe] reverseof [the]
typical [view] . . . it is very useful! (This participant
is describinghow the Dependenciegiew displaysthe

classeghatdependon a classin additionto whatthe
classdepend®n.)

“Now this [De Facto Interfacesview] is useful [be-
causeit lists callerswhencalleecodeis active] . . .
thisseemgo beamorenaturalinterfacefor me” (The
participantis comparingthe De Facto Interfacesview
to Eclipses “SearchReferencestight-click menuop-
tion[7].)

Studyparticipantsriewedsnippetsasthey madechanges
to the codeandwhenthey had completectheir changego
the code. Snippetviews wereupdatedasparticipantsnade
changeswith no effort requiredon the part of the partic-
ipant. One participantappreciatedhe real-timeupdateof
designsnippetviews, saying,“[The Dependenciesiew] is
very helpful. | have useda UML visualization[tool] . . . it
is inconvenient,it takestime to updateevery time thestruc-
turechangesThiswascorvenient.l don't know of abetter
way to dothis”

6.4.Possibletool improvements

Navigation fr om designsnippetsto code.Designsnip-
petsin their currentform are passive. Most participants,
however, attemptedto navigate to different parts of the
codebasdy clicking on elementsn snippetviews. As one
participantsaid, “I wantto tie backward from the design
shippettoolsto the code” For example,navigationsupport
for the Type Assumptionsview could include clicking on
entriesto jump to locationsof castsin the code.

Intra-module information. Threeparticipantstried to
use design snippetsto determinethe speci c TextBox
methodsin which private TextBox elds wereaccessed.
Sincedesignsnippetsdo not display intra-moduledepen-
denciesthey did not answerthis question. The threede-
signrulesthatform the foundationfor the DesignSnippets
Tool focuson inter-modulerelationshipsnot intra-module
relationships. During the study however, it becameclear
thatsolutionsto inter-moduleproblemsoftenrequirethata
modulebetornapart.Intra-modulenformationis very use-
ful whenmoving piecesof amoduleto otherplaces.Oneor
moreintra-moduledesignsnippetsouldalsohelpsoftware
engineeraneetdesignrulesrelatedto intra-modulestruc-
ture.

7. Relatedwork

Model-driven developmenttools. Model-drivendevel-
opmenttools, suchasIBM's RationalRoseXDE [6] and
Borland's Together[2], supportthe creationof both UML
diagramsand code. Thesetools automaticallygenerate
codefrom UML diagramsandvice versa.



The maindifferencebetweerthesetoolsandthe Design

SnippetsTool is theform androle of designrepresentations.

Using a model-driven tool, software engineerscan create
large-scaldJML modelsthatdescribethe entiresystem.In
contrast,the DesignSnippetsTool provides partial design
representationsThesepartial representationdo not fully
describethe system;instead,they supportthree ease-of-
changerules. Designsnippetsexist to promoteadherence
to designcriteria. Their intendedusersfocus primarily on
codebut wouldbene t from designdecisionsupportasthey
modify code.

Program understanding tools. Tools suchasRigi [13]
and SHriMP [18] visualizethe structureof software sys-
tems.SNiFF+[8] performsstaticanalysisto identify refer
encesto symbolsandvisualizeintermodulerelationships.
Lemma[12] supportsnavigation throughcontrol o w and
data o w paths. Empirical studiesof programunderstand-
ing toolshave beenperformedoy Storey etal. [19] andvon
MayrhauseandLang[21].

The Design SnippetsTool differs from program un-
derstandingools becauseof its explicit focus on easeof
change. Designsnippetscan assistcode comprehension,
but the views presentedare not intendedto provide com-
plete understandingInstead,designsnippetselide details
unrelatedo easeof change.

Design critics. Designcritics [16] are design-support
agentghatautomaticallycritiquedesigns Onedesigncritic
tool, ArgoUML [20], hasa setof built-in designrulesfor
UML diagrams Exampleof rulesinclude“packagenames
shouldbewrittenin lower case”and“circular compositions
arenot permitted.

The Design SnippetsTool also supportsa set of rules
(in this case threerulesrelatedto easeof change).How-
ever, the DesignSnippetsTool analyzescode, not design
models.In addition,the DesignSnippetsTool doesnot ex-
plicitly identify rule violations;instead softwareengineers
view designsnippetdn the context of codeto manuallyas-
sesghetradeofs anddecisiongelatedto easeof change.

8. Conclusion

Designsnippetsarepartialandlightweightdesignrepre-
sentationghat help softwareengineersassesadherenceo
threedesignrulesrelatedto easeof change.In this paper
we presenta studyin which participantsuseddesignsnip-
petsandotheraidsto completea restructuringaskfocused
on easeof change. The resultssuggesthat study partici-
pantsuseddesignsnippetsin the context of codefor high-
level taskssuchasdiscovery of designproblemsandcon-

rmation of designimprovements. Participantsalsomade
decisionsusing knowledge gained from code review and
low-level tool output(suchascompilererrors).The study's
ndings increaseour understandingf how designrepre-

sentationganbe usedin the context of evolution. We plan
to usethe study’s resultsto guide future improvementsto
the DesignSnippetsTool.
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