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Today

Part 1 (Lecture)(~40 mins)
* Navigating code

Part 2 (Project Presentations, Part 1)(~40 mins)

Break

Part 3 (Project Presentations, Part 2)(~60 mins)
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Code navigation: examples

A developer wants to find method that implements
X.

A developer wants to find all of the methods
involved in feature x.

A developer wants to understand what a method
does or when it is called.

A developer wants to understand how to reuse a
function by finding examples of code snippets.

A developer wants to switch back to a method they
were just editing.
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Task context

* Could be - _ '

¥ 2HEdit New
» [ii hsh
» i bsh.collection
» i} bsh.reflect
¥ 5 com.loomeom.antasks
» [§} com.microstar.xml

 Set of information

¥ [ gnu.regexp
» {5 icons

> jars

necessary to complete ==
a task

» 5 macros Java

» £ macros Misc

» 5 macros Progerties

» £ macros Text

» [£modes

» [forg.artsp jedit

¥ 71 org gjt sp jedin browser
¥ [# org.qitsp jedit buffer
¥ 1} org gjr sp jedir

» #org.aitspjedithelp
¥ [£,0rg.gjr sp jedin.icons
>
>
>
>
>
>
>
>
>
>

* Set of locations in code
that must be edited to
implement a change

e.g., add feature, fix
bug

i1}
] ] ] » 12 org objectweb.asm
» [E, progerties
® R
» [ startup
u » 2 JRE Systern Library VM 1.6.0 (Ma

¥ docler
> (Sinstaller
» (= Latestversion

interchangeably. .. =

# org git sp jedit.search
1] arg git 5p jedi. syntax

g gitep jedillextaes
1] Ancnor e
[3) ArtiAlias java
] BufferHandler java
1] ChunkC.
1) Dialay
1) Exten
11| FastRepantManager.java
) FirstLine java
U] Cutterjava
| JEditTextAreajava

3| TAOL SEATIONS 13V
{1] MouseHandier java
J] RargeMas.java

{J) ScreentineMarager java
J] seroliLaycut.java

1) ScrollLineCount java

4] SereiiListenerjava

1] Selection java

1J] SelectiorManager java
) StatusListener
4] StructureMatcher.java

) TextareaBorder java
OropHandler.java

ension java

yvyyvyvyvvyvyvyvrflvvvrvvrvvyovy

e Sometimes known as a
“working set”
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How Effective Developers Investigate Source Code

Unsuccessful subjects made all of their code modifications in one place even
If they should have been scattered to better align with the existing design.

e --> petter support navigating across methods

Program segments that were clearly relevant to the change task were not
acknowledged when displayed accidentally.

* --> suport intentional searches

The successful subjects created a detailed and complete plan prior to the
change whereas the unsuccessful and average subjects did not.

* --> support building a change plan

Successful subjects did not reinvestigate methods as frequently as
unsuccessful subjects.

e --> support understanding methods

The successful subjects performed mostly structurally guided searches
(e.g., keyword and cross-reference searches), rather than searches based on
intuition (browsing) or aligned with the file decomposition of the system
(scrolling).

e --> support structural relationship traversal

Martin P. Robillard, Wesley Coelho, and Gail C. Murphy. 2004. How Effective Developers Investigate Source Code: An Exploratory Study. IEEE Trans. Softw. Eng. 30, 12 (December 2004),
889-903. DOI=http://dx.doi.org/10.1109/TSE.2004.101

LaToza
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Structural Relationship Traversal

 Developer is currently viewing an element in code
* ©.Q,. class, method, statement, field reference

 Developers wishes to navigate to a related method
By reference, call, data dependency, ...

» How do developers make navigation decisions?
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Information foraging

 Mathematical model describing navigation

* Analogy: animals foraging for food
* (Can forage In different patches (locations)

* (Goal is to maximize chances of finding prey
while minimizing time spent in hunt

* |[nformation foraging: navigating through an
information space (patches) in order to maximize

chances of finding prey (information) in minimal
time

GMU SWE 795 Fall 2019



LaToza

Information environment

e |nformation environment represented as topology

* |[nformation patches connected by traversable
links

* For SE, usually modeled as call graphs

methods are nodes and function invocations
are edges

GMU SWE 795 Fall 2019



Traversing links

* Links - connection between patch offered by the

INnformation environment

e (Cues - information features associated with

outgoing links from patch

 E.g., text label on a hyperlin

 User must choose which, of

al

K

possible links to

traverse, has best chance of reaching prey
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Scent

 User interprets cues on links by likelihood they will
reach prey

e e.9., do | think that the “invoke™ method is likely
to implement the functionality I'm looking for”?

GMU SWE 795 Fall 2019
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Simplified mathematical model

reaching prey per cost of interaction
Predators (idealized) choice = max [V / C]

* V -value of information gain, C - cost of
Interaction

Don't usually know ground truth, have to estl

Predator’s desired choice = max [E[V] / E[C

GMU SWE 795 Fall 2019

Users make choices to maximize possibility of
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What's a concern?

Let me try to explain to you, what to my taste is characteristic for all
intelligent thinking. It is, that one is willing to study in depth an aspect
of one's subject matter in isolation for the sake of its own consistency,
all the time knowing that one is occupying oneselt only with one of the
aspects. We know that a program must be correct and we can study
it from that viewpoint only; we also know that it should be efticient and
we can study its efficiency on another day, so to speak. In another
mood we may ask ourselves whether, and if so: why, the program is
desirable. But nothing is gained —on the contrary!— by tackling
these various aspects simultaneously. It is what | sometimes
have called "the separation of concerns”, which, even if not
perfectly possible, is yet the only available technique for effective
ordering of one's thoughts, that | know of. This is what | mean by
"focusing one's attention upon some aspect”: it does not mean
ignoring the other aspects, it is just doing justice to the fact that
from this aspect's point of view, the other is irrelevant.

—~Edsger W. Dijkstra. "On the role of scientific thought”. 1974. EWD447.

GMU SWE 795 Fall 2019
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Crosscutting concerns

e |deal: one concern per module

e But, In practice modules exhibit

e Scattering — single concern implemented in
many modules

 Tangling —- single module containing many
concerns

GMU SWE 795 Fall 2019
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Significant time spent navigating across
task context

e Each instance of an interactive bottleneck cost
only a few seconds, but . . .

Interactive Bottleneck Overall Cost

Navigating to fragment in same file (via scrolling) ~ | | minutes

Navigating to fragment in different file

(via tabs and explorer) ~ / minutes

Recovering working set after returning to a task ~ | minute

~19 minutes

= 35% of uninterrupted work time!

Andrew J. Ko, Htet Aung, and Brad A. Myers. 2005. Eliciting design requirements for maintenance-oriented IDEs: a detailed study of
corrective and perfective maintenance tasks. International conference on Software engineering,126-135.

LaToza GMU SWE 795 Fall 2019



Switching tasks incurs startup cost
rebuilding task context

I8 Package Explorer v X L *Actions. java EraserPain... X PencilPaint. .. PaintCanv... PaintObjec... Paint.java PaintObjec... ’
> & [ B

Q Rel d(M | A n
s @ Represented by explorer and file
@ setColor{Color)

hickness(i

-1 [ Paint%b;'-,:cttTCclmcnstfzzigr?istener ta bS
- 0 PaintObjectCQnstruc.torList- . ]
s e | @ \When changing tasks, working
@ constructionContinuingr

L @ S ToveOverCost sets were lost as tabs and nodes

=@ PaintWindow
o actions Changed
o bPanel
o bSlider

v ¢ “Including” code in the working set

o clearButton

by opening a file or expanding a

o colorChangelistener

5533%;':82 node made it more difficult to

o st navigate to other code in the

o gSlider .
working set
o objectConstructor

o pencilButton

o rPanel

o rSlider

o _toolButtonGroup

Andrew J. Ko, Htet Aung, and Brad A. Myers. 2005. Eliciting design requirements for maintenance-oriented IDEs: a detailed study of
corrective and perfective maintenance tasks. International conference on Software engineering,126-135.
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Deline’s study of developers

e Confirmed Ko’s observation that:

* Navigating and “re-finding” areas of the code that had
already been visited was frequent, difficult and

distracting

* Textual searching and returning

* Jabs got problematic when many opened

* All subjects wantec

overview document

e Wanted code anno

* All subjects agreed

better Inline comments and

q
d

[10N.

tions

that finding the entry point and
understanding the control flow was the most difficult task

Robert DelLine, Amir Khella, Mary Czerwinski, and George Robertson. 2005. Towards understanding programs through wear-based filtering.
Symposium on Software visualization (SoftVis '05), 183-192.

LaToza
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Field study of developers at IBM

8 IBM developers doing their own tasks using
Eclipse for Java

e |nterviews and 2-hour observations of actual use
* EXxperts do become disoriented

 Did use Eclipse’s advanced navigation tools, like
find-all-callers

* No trace of how got to the current file, or how to
get back

* Thrashing to view necessary context
 No support for switching tasks

Gail C. Murphy, Brian de Alwis, "Using Visual Momentum to Explain Disorientation in the Eclipse IDE", IEEE Symposium on Visual
Languages and Human-Centric Computing, p. 51-54, , 2006

LaToza GMU SWE 795 Fall 2019
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Working with task context

g

~/Form working set of ;
Find :‘ !
Read | [taSk@relevait code 5
AN |
: s ) | | i
within file Navigate depengencies in| ;
i workifie set §
: - :
s f
Edit - - :
=g Moc!lfy code In »
i working ‘Set | @
: \ J
task task
started complete

Andrew J. Ko, Htet Aung, and Brad A. Myers. 2005. Eliciting design requirements for maintenance-oriented IDEs: a detailed study of
corrective and perfective maintenance tasks. International conference on Software engineering,126-135.
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Code navigation tools

o Structural relationship traversal

* Find starting point, traverse relationships to find
other related code locations

e Recommenders

 Based on {edits, navigation} past developers did on
similar tasks, predict relevant elements

* Working set navigation

* Make it easier to navigate back and forth between
task context elements

 Make it easier to resume tasks by redisplaying
working set

LaToza GMU SWE 795 Fall 2019 19
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Structural relationship traversal

Call hierarchy view

/i* Call Hierarchy 23\ Shelels (v ¥ = O
Members calling "isRunning()’ - in workspace
v © isRunning() - org.h2.server.TcpServer B Line Call
v @ isRunning() - org.h2.tools.Server m
v a getStatus() - org.h2.tools.Server
v @ run(String[]) - org.h2.tools.Console (3 matches)
» @ main(String[]) - org.h2.tools.Console
p @ run(String[]) - org.h2.tools.Server (4 matches)
p @ run(String[]) - org.h2.tools.Console
p @ start() - org.h2.tools.Server
p @ stopAll() - org.h2.tools.Console (3 matches) *
w__m_ctanAlll - arn h? tanls Sanmar (4 matchac) X
<€ - >

GMU SWE 795 Fall 2019
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 Plug-in Development - Eclipse Platform

[ St gt B R AL = oR 5 N
CH.ifa. draw.contrib
CH.ifa. draw.figures
€] ArrowTip
® BordeDecorator
@ ChopE lipseConnector
® EbowConnection
5 @ EbowHande
=} @3 Supertypes
-@* AbstractHandle
O Handle
O Object
@ EbowTextLocator
= @ Elipsefigue
= ¥ Supertypes
G’AAbﬂuc$bue
O* AtributeFigure
© Cloneable
= @ Figue
= &= Methods
= @
(= -85 Cals to this method
@ O* AbstractFigure
5 @ LineConnection

AL AL IR LT A TR A e TN TR b AT T Tl W T e (D
210 2w » . e .

B e L T S T S TO Re L L T
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* Psee fdisplayBox
"

public void displayBox(Rectangle r);

S
# Checks wvhether the given figure 1s cor
L

public boolean includes(Figure figure);

.
# Decomposes a figure into i1ts parts. A

# as a part of itself
‘ ’

pﬁblic FigureEnumeration decompose();

S
Sets the Figure's container and regist
as a figure change listener A figure'
any kind of FigureChangelistener. A £
to have a single container

..

public void addToContainer(FigureChange

SN
# Removes a figure from the given conta

# 1t as a change listener
-/

public void removeFromContainer(FigureC

R

# Gets the Figure's listeners

»

public FigureChangelistener listener():

.
# Adds a listener for this figure
")

public sddFigquz s (Fig

S

* Removes a listener for this figure.

»/ ‘
public void renoveFigureChangeListener(.

S
* Releases a figure's resources. Release_
* 5 f as renaved from a draving.




® 0o

| Release | PIMMail | i386

StackSplorer

vJ ‘i"’J l_!:J

m PIMController.m - PIMMail

> @ 0

Overview

Action Breakpoints Build and Run  Tasks Info

gd Method

-

Hide C

o PIMController.m90.5 ¢ B  -handiePimMessage. S s, ™. C. *. B &

OutlineViewController

I outlineView acceptDrop
Jtem childindex

MessagesHandler

) messageStoreDidAddM
essages:

W

’

{

- (void)handlePinMessage: (Message «)message;

//create new task from message

//get necessary core data odjects

NSManagedObjectModel smanagedObjectModel = [([» persistentStore(d
NSEntityDescription etaskEntity = [[managedObjectModel entitiesByN

Task enewTask = [[[Task alloc) initWithEntity:taskEntity insertiInt

//set title

NSString etaskTitle = [message %ub;PC!NOY:”(\uC;ﬁ;Rc‘ﬁdrudPrPfll]%

//remove Todo: prefix if necessary
NSRange rangeOfPrefixiInSubject = NSMakeRange(NSNotFound, 9);
Ptry (
range0fPrefixInSubject = [taskTitle range0fString:PIMTaskSub e

//catch length exceeded exception for subjects that are shorter 21
gcatch (NSException = ¢) { )

it (rangeOfPrefixinSubject. location != NSNotFound)

newTask.title = [[taskTitle substringFromIndex: [PIMTaskSub) eyt
else

newTask.title = taskTitle;

//set start date
newTask.addedDate = [NSDate date);

//store the associated message
[newTask addAssociatedMessage:message);

//set sortOrder
[newTask autoassignSortOrder);

[moc save:NULL);
[ILoggingController sharedloggingController] log:PIMTaskCreatediog
J
ABasi Baicllcndincdss A

Stacksplorer

Q' String Matching

Message

) subjectNotincludingReAn
dFwdPrefix

Task

[ setTitle:

Task
I setTitle:

Task
[ setAddedDate:

Task
[ addAssociatedMessage:

Task
[ autoassignSortOrder

LoggingController
£ log

LoggingController
[ sharedLoggingController

Message
) URL

Thorsten Karrer, Jan-Peter Kramer, Jonathan Diehl, Bjérn Hartmann, and Jan Borchers. 2011. Stacksplorer: call graph navigation helps increasing code maintenance efficiency. In Proceedings

of the 24th annual ACM symposium on User interface software and technology (UIST '11). ACM, New York, NY, USA, 217-224. DOI: https://doi.org/10.1145/2047196.2047225

LaToza
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Highlights

Getinstance

GetInstance

lewithSelectedResult

Stuffist

ARCHITECTURE

NordDelimiterFilter.cs

ng path,int linenumber,string

HighlightStuffInvoker = new

ing path, int linenumber,

Clear();

AddEntity(path, linenumber,

Navigation

©UlElement OnMouseDown
“i SearchviewControl
@UlElement OnkKeyDown

OpenFileWithSelectedResult
"1 SearchviewControl

@ OpeningCodeSearchResult
7 WriteinfologMessage
L " LogEvents

-

19¢ OpenFileWithSelectedResult -

@ WriteinfoLogMessage

@ OpenFileWithSelectedResult
315 Openitem . @Openitem

133 DescribeQueryProgramElementMatchi 22 OpenfFile
334 OpeningCodeSearchResult  FileOpener ———

‘s SearchviewControl| —_ @Openfile

@ DescribeQueryPrograméElementMatch

“: QueryMetrics

DataCollectionLogEventHandlers

L0 (1) (| (©)

Vinay Augustine, Patrick Francis, Xiao Qu, David Shepherd, Will Snipes, Christoph Braunlich, and Thomas Fritz. 2015. A field study on fostering structural navigation with prodet.

Ln 316

In Proceedings of the 37th International Conference on Software Engineering - Volume 2 (ICSE '15), Vol. 2. IEEE Press, Piscataway, NJ, USA, 229-238.
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Reacher

r

FusionAnalysis.java &3 {J] StudentRuntimeExcept ;’_J XMLRetriever.java lLI AbstractCrystalMetho 82 =0

publlc v[:id beforeAllMethods(ICompilationUnit compUnit,

CompilationUnit rootNode) {
if (project == null || !project.equals(compUnit.getlavaProject())) {
/we have a new project. reset the type hierarchy '
project = compUnit.getlavaProject(); \ ]
try {

IProgressMonitor monitor = getlInput().getProgressMonitor().isNone() ? null : getlInput()
types = new CachedTypeHierarchy(project, monitor);
FreeVars.setHierarchy(types);

retriever.retrieveRelationships(ResourcesPlugin.getWorkspace().getRoot(), types);

- b <« »

E Console ' Reacher 23

FusionAnalysis
XMLRetri
etriever — AbstractCrystalMethodAnaM +beforeAllMethods(..,..)
@ +runAnalysis(..,..,..,..) #<, XMLRetriever

XMLRetriever

+getStartContext( b) ng +getStartContext(..,..)

0= Outline | ® Reacher Search &3 =0
Search upstream from XMLRetriever.getStartContext()
for | method calls ad
[ named :J retri

edu.cmu.cs.fusion.xml. XMLRetriever XMLRetriever(..) : void
edu.cmu.cs.fusion.xml.XMLRetriever.getStartContext(..,..) : Re
gdu.cmu.cs.fusion.xml. XMl ever.retrieveRelationships

Back Forward ResetZoom - O

XMLRetriever

+retrieveRelationshipst(..... )

T.D. LaToza and B. A. Myers, "Visualizing call graphs," 2011 IEEE Symposium on Visual Languages and Human-Centric Computing (VL/HCC), Pittsburgh, PA, 2011, pp. 117-124.

doi: 10.1109/VLHCC.2011.6070388
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Recommenders

 Based on {edits, navigation} past developers did
on similar tasks, predict relevant elements

GMU SWE 795 Fall 2019
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Thomas Zimmermann, Peter WeiBgerber, Stephan Diehl, Andreas Zeller. Mining Version Histories to Guide Software Changes. IEEE Trans.

eo6

Rose

Java - ComparePreferencePage.java - Eclipse Platform

]["j' glas

preference into
the fleld fKeys[]

¥ PATH _FILTER
¥ PREF_SAVE_/
¥ PREFIX

¥ SHOW_MORE

T 0-Q | B HEC|®™P) SB)EFloe v

7 &Y)ava [22CVS Repos... [[Resource

new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore
new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore
new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore
new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore

new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore

new OverlayPreferenceStore.OverlayKey(OverlayPrefere

}

public static void initDefaults(IPreferenceStore store) {
store.setDefaul t(OPEN_STRUCTURE_COMPARE, true);
store.setDefaul t(SYNCHRONIZE_SCROLLING, true);
store.setDefaul t(SHOW_PSEUDO_CONFLICTS, false);
store.setDefaul t(INITIALLY_SHOW_ANCESTOR_PANE, fal

new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore.

BOOLEAN, OPEN_STRUCTURE_COMPARE),

public final OverlayPreferenceStore.OverlayKey[] _fKeys= new OverlayPreferenceStore.OverlayKey[] { —~
Wref erenceStore. X £ &
rlayPreferenceStore.OverlayKey(OverlayPreferenceStore. BOOLEAN, SYNCHRONIZE_SCROLLING),
.BOOLEAN, SHOW_PSEUDO_CONFLICTS),
.BOOLEAN, INITIALLY._SHOW_ANCESTOR. ;wn
.BOOLEAN, SHOW_MORE_INFO),

.BOOLEAN, IGNORE_WHITESPACE),

BOOLEAN, PREF_SAVE_ALL_EDITORS),

.STRING, AbstractTextEditor.PREFERENC

BOOLEAN, AbstractTextEditor.PREFEREN

\new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore.

new OverlayPreferenceStore.OverlayKey(OverlayPrefere B) ROSE SuggeStS
//nen Overlaybreferencestore. OverLaykey(Overlaypre fe R LLLe AR (o1 @ (VI g L3 (T4
new OverlayPreferenceStore.OverlayKey(OverlayPrefere Changes, e.g., the

function initDefaults().

(Problems Javadoc | Declaration (. Rose 2

store.setDefaul t(SHOW_MORE_INFO, false); N
store.setDefaul t(JGNORE_WHITESPACE, false); |
store.setDefaul t(PREF_SAVE_ALL_EDITORS, fa v
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv )‘.
v =08

v Action Symbol
CHG ~initDefaults(IPreferenceStore)

e - ‘ v el
— CHG plugin.properties
n\
‘ Changecjmmes SSL CHG buildnotes_compare.html|
X~

File

Support Confidence

.../internal/ComparePreferencePage.java 11 1.0
Jorg.eclipse.compare/plugin.properties 10 0.9090

Jorg.eclipse.compare/buildnotes_compare.html| 8 0.7272
CHG ~createGeneralPage(Composite) ...Jinternal/ComparePreferencePage.java 7 0.6363
< AMfKeys : OverlayKey(] ADD_TO ComparePreferencePage.java ...Jinternal/ComparePreferencePage.java 7 0.6363
CHG ~TextMergeViewer(Composite, int .../contentmergeviewer/TextMergeViewer.java 6 0.5454
ADD_TO TextMergeViewer.java .../contentmergeviewer/TextMergeViewer.java 6 0.5454 ‘;
CHG ~createTextComparePage(Compo  .../internal/ComparePreferencePage.java 6 0.5454
(R l Writable | Smart Insert ‘ 96:5 |

Software Eng. 31(6): 429-445 (2005)

LaToza

GMU SWE 795 Fall 2019

26



e Shows source code
navigation patterns of
feam

 Related ltems — most

frequently visited
either just before or
after the selected
item

e Favorite Classes —

hide less frequently
used

e Deployed for real use —

5 developers for 3
weeks

» Successful, but usability

ISsues, seemed most
useful for newcomers

TeamTracks

4 p x [WClass View Favorites

zl =

File Edit View Project Build Debug Tools Window Help
Object Browser | Start Page TetrisGrid.csl
I"I;SATe’J'lsCmtrol.Tc—trisSrld 3 I@’Imﬁgureo

220; counter++;
221;
222

27

void [IEEEIE()
{

227 if(DesignMode)
228; return;
229; switch(nextFig)
230: {
2::12 case 0:
232 currentFigure = new Line(this);
233 break;
234; case 1:
235 currentFigure = new Triangle(this);
236 break;
237: case 2:
2 currentFigure = new LThunder(this);
239 break;
240 case 3:
241 currentFigure = new RThunder{this);
242; break;
243; case 4:
244! currentFigure = new RightT(this);
245 break:
245; case 5:
247 currentFiaure = new | oftT{this):

[

ostrelated to GATetrisCentrol. TetrisGrid. InitFicure

nitNextFigure () QubHc Tetriscrid()

@ nextFi

BackColor =

% Figure.CanDraw () systemcolors.window;
@ [nitNewGame ()

# Figure.DrawFigure ()

S RRIEREEE cwe

ResizeRadraw = true

2 X WClass View - GATetris
Ya~ |t
= {} GATetrisControl
Bg{; Figure
| B3 Bases and Interface
= Faure(TetrisGrid)
@ CanMove(MoveDired
ChangsRotateAngls
@ CetDifferentindexes
g" GetRectsIncexes()

[AEH GATetrisContrel
= OI: Figure
: @ CanDraw {)
@ CanMove {MoveDirecti
[A:$® CrawFizure |
@ GetRectelndzxee |)
@ Move MoveDirecion)
-] More members
= 'OI: Settirgs
i -@ Init Default {)
@ downKzy
@ |eftKey
@ rightKey
@ rotatekey
-] More members
=-[F%¢ TetrisGrd
[M:® Cearline ()
-9 Getline {int)
-@ CetNextFigue
M=% IntFigu= |
@ InitNewGame {)
@ InitNextFigurs {)
[Fl-% IrtRectangles |
-@ ProcessDialogKey (Key
M=% Scrolilng ()
-@ TimerTick {object.Even
-@ Lpdatelnterval )
[F:$ ' pdatelavel )
® naxtFig
H @ squares
=+ More members
&[] More classes
0= Morz projects

..2@ CrawPreview (Graphi

= |
SI: LThunder
O’: Bsses and Interfaze
: e AT i o

1T
i

Figure 1. Screen shot with (A) the typical class view, (B) our Class View Favorites, and (C) our
Related Items.

R. DelLine, M. Czerwinski and G. Robertson, "Easing program comprehension by sharing navigation data," Symposium on Visual Languages
and Human-Centric Computing (VL/HCC'05), 2005, pp. 241-248.

LaToza
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Task context navigation

* Make it easier to navigate back and forth between
task context elements

* Make it easier to resume tasks by redisplaying task
context

GMU SWE 795 Fall 2019
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Tasks [-][+]

Line tool

Painting bug

. setThickness () in
:Paln:ObjoctConatzu
»ctor seems related to

private JPanel rPanel, gPanel, bPanel;
private JSlider rSlider, gSlider, bSlider; S

( Add a sider... ¥)

private Changelistener colorChangelListener = new Change
public void stateChanged(ChangeEvent changeEvent) (

objectConstructor.setlolor(new Color(rSlider.getVy
repaint();

public PaintWindow(int initialWidth, int initialHeight)

9

Have to add some code to set up the
new slider
rPanel = new JPanel(new FJ yout());
rPanel.setOpaque (L. ]

rPanel .add Label ("Red")):

rSlide new JSlider (0, 255, 0);
rSlider.setOpaque(false);
rSlider.addChangeListener (colorChangeListener);
rPanel.add (rSlider);

' Here's my code. I'm going to add a thickness slide
tPanel = new JPanel(new Flowlayout()):
tPanel.setOpaque(false);

tPanel.add (new JLabel ("Red"));

tSlider = new JSlider(0, 255, 0)s
tSlider.setOpaque(false);

IrSlider.addChangelListener (colorChangeListener);
rPanel.add(rSlider);

objectConstructor = new PaintObjectConstructor(this);
objectConstructor.setClass (PencilPaint.class);
objectConstructor.setColor (new Color (0, 255, 0));
cbjectConstructor.setThickness(5);

public void setThickness(int thickness) {

this.thickness = 25; .___(ltwsabug?ltloolollwh

‘ |

protected int thickness;
protected Color color;

public void setColor(Color color) { this.color = color; )

public void setThickness(int thickness) { this.thickness = thickness; )

public interface Changelistener
extends Eventlistener

Defines an object whach listens for Ohangelivents.

Summary

veid| stateChanged (Changelvent )
Invoked when the target of the listencr has changed its state.

public Rectangle getBoundingBox() {

[umm&m j
wasn't before, it might
not actually Test it.

int x = (int)points pointindex] .getX():

int y = (int)points{ pointindex] .getY(): "//,
if(x - thickness / 2 < minX) minX = x - thickness / 2;
else if(x + thickness / 2 > maxX) maxX = x ¢ thickness
if(y - thickness / 2 < minY) minY = y - thickness / 2;
else if(y + thickness / 2 > maxY) maxY = y + thickness

!/ 2;

/ 2;

Fig. 7. The 50 lines of code and other information that developer B indicated as relevant, portrayed in a mockup of a workspace that help developers
collect relevant information for a task in one place, independent of the structure of a program.

Andrew J. Ko, Brad A. Myers, Michael J. Coblenz, and Htet Htet Aung. 2006. An Exploratory Study of How Developers Seek, Relate, and

Collect Relevant Information during Software Maintenance Tasks. IEEE Trans. Softw. Eng. 32, 12 (December 2006), 971-987.
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Martin P. Robillard and Gail C. Murphy. 2007. Representing concerns in source code. ACM Trans. Softw. Eng. Methodol. 16, 1, Article 3

Concern Graphs

* Abstract (formal) model that describe which parts of the
source code are relevant to different concerns

 FEAT tool builds concern graphs “semi-automatically”
e Shows only code relevant to the selected concern

* User-specified or detected using intra-concern analysis
* User can make queries

— o - - (2 3 i i EIB I | b T E
ts Concern Graph 2% - ts Participants -2 Interactions  Inconsistencies & FY RN Resations P ::{ "FC 83
5.181 Save feature Participants - Storage management p x5 |Command.execute() called by ALL Joud
o°o c d . . =
%ésfon:: a: management: = © DrawApplication ¢ c-ommand
=Writing 7 . @ createStorageFormatManager() =~ @ execute()
9 m fStorageFormatManager = @ called by
@ qgetStorageFormatManager() --® CommandButton
< open(Drawing¥iew) @ actionPerformed(ActionEvent)
@ promptOpent) + (& CommandChoice
© promptSaveAs() +-@ CommandMenu
> setStorageFormatManager{StorageFormatMan ¥ G StandardDrawingView
+- @ SerializationStorageFormat + 0 UndoableCommand
+ - standardStorageFormat
+ G StorageFormatManager

(February 2007).
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Mylar

' 5 Demo - - ResourceStructureBridge.java - Eclipse SDK

W S

Eile Edit Source Refactor Navigate Search Project Run Window Help
(31~ (€3] b 0-Qq-

oy

12 Package Expl... Navigator — O [[J) ResourceStructure... &5 . > =0
- q y” & - r Mik Kersteri A.:j.
- ;ﬁorg.echpse.m',iar.ude [dev.eclipse.o ﬂ public class RescurceStructureBridg
= (@ src

= {ﬂorq.Mhpr.p.m',‘nr.|n1¢-rnal41dr public final static String CONS
- |4} ResourceChangeMonitor.ja | 4
= @& ResourceChangeMonito
@ setEnabled(boolean’ | o

= 4 ResourceStructureBridge.j

public String getContentIype()
return CONTENT TYPE;

= @ ResourceStructures: ! ° gotCommm() String - Resourc »
¥ CONTENT_TYPE o* CONTENT_TYFE  String - Resourc
@. getContentType() - - 5T
&3 pluginaml i . o DOS 0 LABEL String - MylarStry

publ fpOS_1_LABEL String - MylarStry

P
- "y s
@ DOS_2_LABEL String - MylarStru

~ > :‘;:v ¢ '1, v ? - - 1B O

LQ‘Demo '
Bl Task List & =0
U N~ @~ il RS
“"‘" IL..BMLB&

I llloesawon

X *-’ - - U
= @ a® pulS : . >
5@ o ardnars ) Press 'Ctri+Space’ to show Template
=N C] . public Object getObiectForHandlw
@. getChildHandles(Stri . | >
- - s g Problems | 5° Synchronize i3 3
— -
- ® CVS (forg.echpse.mylar, /org.eclipse.mylar-feat...lar.2e =
= @) Interestm : | P2 OB LB e > | &
= @ mnterestManipulationTes | — A7 T1: Refactor ResourceStructureBridge
® fest [J® ResourceStructureBridge.java - /org.eclipse.r
< | > <] >
g° Ju 4 Wiritable Smart Insert ! somofg7M @

“ T1: Refactor Rmul -

Mylar - All Mine  [bug:
People - Rob [bugs.e
Products - Eclipse [bt v

s &y
s Gy
s &

- ( ResourceStructureBridge
= Bg tested by
o U

= ‘% referenced by

[ () [ [

- 8% referenced by
@. getChildHandles(String)

4

< | >

=JOkS

“emo - SynchronizeReportsAction.java - Eclipse SDK
gammnumuommmm&nmm

-l b O~"Q~ ™9 &~ v &l v P vy i £ | &’ Demo 5 .
{2 Package Expl... Navigator = O [ [J) SynchronizeReport... &2 ™4 = 0[] Task st £2 =0
SV B Aol TN Dy WY T
vachran are .
h org.eckpse.myl rbugznlla ul [d“ o public SynchronizeReportsictio: ,—
= &y , - private void checkSyncResult (f! | | | loegmpoon
ol é . ) - ©T2: Fx NPE nSyndu
B SUNSIELCS ") ! T1:Refactor Resource
5[ int 4 public void BER() { 5 =
- @ if (query '= null) | - r-A::w ( (bug:
@ testDecrementAcros AbstractRepositoryConne - ‘-'0 o bugs.e |y
= g org.echipse. mylor. tasilist [dev.eclip query.getRepos: ] - . 21
- O src N ir (cc!‘.r‘.ec:o: - n:lll. Owlne‘ 41 Active Search (... &2 C N
5. @ org.ecipse.mylar.internal.task connector.synchron: R

= & SynchronizeReportsAction.

} else 1r (TasklListView,ge! - & run()
= @ SynchronizeReportsacti ISelection selection = 5 &% referenced by
 run() for (Cbject cbj : ((ISt e
if (obj instanceof e.
final Abstracet '
AbstractReposit,,
< | >
Problems | &7 Synchronize I =
CVS (Jorg.eclipse.mylar, /org.echpse.mylar-feat...lar.2¢ =~
et & ¢ B L% = e - || &%
- &L T1: Refactor ResourceStructureBridge
J® ResourceStructureBridge.jave - forg.ect ~~a.r
~ &% T2: Fix NPE in SynchronizeReportsAction
J® SynchronizeReportsAction.java - forg
< | > ¢ > < >

sl I 4 somofsom |

1 — task list

3 — package explorer filters to show what relevant to this task
Most relevant are bold

4 — active search shows what might be relevant
5 — switch to different task

Mik Kersten and Gail C. Murphy. 2006. Using task context to improve programmer productivity. International symposium on Foundations of

software engineering, 1-11.
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Code Bubbles
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Figure 1 (a) user opens a bubble via the pop-up search box, (b) resulting bubble, (c) user opens definition of two more bubbles side-by-side (automatically
grouped); (d) a large working set of bubbles, including a (f) bubble stack of references; (e) an overview is shown in the panning bar; (g) hover preview

https://www.youtube.com/watch?v=PsPXOnEIJOk

Andrew Bragdon, Robert Zeleznik, Steven P. Reiss, Suman Karumuri, William Cheung, Joshua Kaplan, Christopher Coleman, Ferdi Adeputra,
and Joseph J. LaViola, Jr.. 2010. Code bubbles: a working set-based interface for code understanding and maintenance. Conference on
Human Factors in Computing Systems (CHI '10), 2503-2512.
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Debugger Canvas
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Figure 1. The user stepping through a parallel ray tracing program using Debugger Canvas. All four threads have their own colored borders. The currently
executing method has a prominent yellow border. Each code bubble has its own Locals pop-up (gray title bar), allowing state comparison.

https://www.youtube.com/watch?v=3p9XUwllhdg

R. DeLine, A. Bragdon, K. Rowan, J. Jacobsen and S. P. Reiss, 2012. "Debugger Canvas: Industrial experience with the code bubbles
paradigm,” International Conference on Software Engineering, 1064-1073.
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LaToza

Use In practice

 Debugger Canvas offered as extension to Visual

St u d | O https://marketplace.visualstudio.com/items?itemName=DebuggerCanvasTeam.DebuggerCanvas

 Mylar —> Mylyn, part of default Eclipse
e Mylyn —> commercial <) eV

Instant access to documents, web pages and code

With Tasktop, you can indicate when you start working on a task with a single-click. Tasktop then automatically tracks the web pages and
desktop documents you work with and builds a model of how relevant each is for that task. Tasktop uses the model to show you just those
pages and documents that are needed for a task. Switching to another task is as simple as clicking on that task. Tasktop Dev will show you just
the information needed for that task. Think of the time you will save only working with the information you need! If you are using Tasktop Dev
within your IDE, Tasktop Dev will focus the views in your IDE to show you just the code, web pages and documents that are needed for a task.

Keep on top of your bugs without leaving your IDE

Tasktop Dev inherits Mylyn's capabilities for rich bug editing in Eclipse, making the tasks from your issue tracker available in the IDE. With your
task and its associated social comment thread in the IDE, you no longer have to spend time switching to a web browser, finding the appropriate
task, switching back to the IDE, and so on. All of those clicks and applications switches disappear, saving time and keeping you close to the code.
When changes occur to tasks on which you work, notifications appear right in your task list in Eclipse, saving you the need to check other
applications and allowing you to respond seamlessly and as a part of your workflow. This capability is only available in Tasktop Dev for Eclipse
and Visual Studio.

https://www.tasktop.com/tasktop-dev
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Results from Debugger Canvas
deployment
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Figure 5: Number of unique downloads per week, after the initial release Figure 6. Users per day who step into a code bubble at least once, as a
on 13 June 2011. percentage of usage on the first day. (The gap is due to missing data.)

R. DeLine, A. Bragdon, K. Rowan, J. Jacobsen and S. P. Reiss, 2012. "Debugger Canvas: Industrial experience with the code bubbles
paradigm,” International Conference on Software Engineering, 1064-1073.
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Perceptions of debugger canvas

Table 2: Reasons why 19 surveyed users stopped using Debugger Canvas.
Each respondent may report multiple reasons.

Reason to abandon #Respondents Type
Editing not discovered 4 Usability
Bugs 4 Bugs
Performance 4 Bugs
Doesn't support my platform 3 Other
Screen too small 2 Useful
Data tips bug 2 Bugs
Wants features 2 Utility
Concept didn’t work for me 2 Utility
Want to resize bubbles 1 Utility
Instruction pointer update bugs 1 Bugs
Navigation not discovered 1 Usability
On demand not discovered 1 Usability
Sum 27

R. DeLine, A. Bragdon, K. Rowan, J. Jacobsen and S. P. Reiss, 2012. "Debugger Canvas: Industrial experience with the code bubbles
paradigm,” International Conference on Software Engineering, 1064-1073.
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Useful when

“l often have to debug several layers on our side from the Ul, via
middle tier to the data layer. It often gets confusing to go into the
deeper layer. This is where the canvas helps, you hit a breakpoint
here and can see the stack trace as you step through the layers.
This helps us debug things much faster.”

‘I was working on a large project for only a week. There was a huge
ramp up, of course, and Debugger Canvas was invaluable for
stepping into the code to see what was going on.”

“‘With a really large code base that you are not familiar with it is really
handy. It helps wrap your head around other people’'s code. That
kind of visualization really helps to follow code as it crosses different
classes and projects. Go-to-definition and using Reflector is just too
cumbersome to navigate through all that code.”

R. DeLine, A. Bragdon, K. Rowan, J. Jacobsen and S. P. Reiss, 2012. "Debugger Canvas: Industrial experience with the code bubbles
paradigm,” International Conference on Software Engineering, 1064-1073.
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Not useful when

For a 'normal” project it isn't worth the hassle with performance.

[ don't always want to get into the canvas. When I'm debugging something
small: for example - Did the parameter get here? Then it doesn’t warrant
opening up the canvas.

Sometimes the fix that | need to do involves code that is not in the bubbles,
but is in the same files, so I'd like to be able to get to the rest of the file
easily.

[ stop using it when | need to see definition of classes. I'm aware of the Go-
to-definition feature, but | use ReSharper and lots of tools to navigate, so |
find it easier to go back to the file in those cases.

[ hit a breakpoint check the value of a private field. That's when seeing the
rest of the file comes in hanaly.

R. DeLine, A. Bragdon, K. Rowan, J. Jacobsen and S. P. Reiss, 2012. "Debugger Canvas: Industrial experience with the code bubbles
paradigm,” International Conference on Software Engineering, 1064-1073.
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