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Time in Software Development

[LaToza2006, Maintaining mental models: a study of developer work habits]

100
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/57
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Software is complex and hard to understand.
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Models for Developer Strategies

[Ko2006,An Exploratory Study of How Developers Seek, Relate, and
Collect Relevant Information during Software Maintenance Tasks]

3| Professional Java Developers

5 Maintenance tasks
(3 Bugs, 2 Enhancements)

500 SLOC Java Paint
Javal  Application
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Models for Developer Strategies

[Ko2006,An Exploratory Study of How Developers Seek, Relate, and
Collect Relevant Information during Software Maintenance Tasks]

node is
choose node relevant
Search § Relate Collect
no cues need more
at node information
navigate navigate

dependency to previously
visited node
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Models for Developer Strategies

[Sillito2008, Asking and Answering Questions during a Programming Change Task]

... 9 experienced
= developers (pair
programming)

|6 developers from
industry

| of 5 maintenance
tasks per session

Real world change
task

ArgoUML

java 60k SLOC java Real world sour code
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Models for Developer Strategies

[Sillito2008, Asking and Answering Questions during a Programming Change Task]

o> L)

Finding focus points Expanding focus points
4 ; : : 4 E ::
Understanding a subgraph Questions over groups

of subgraphs
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|i] Java - jHotDraw/srcjorg/jhotdraw/ contrib/DesktopEvent java - Eclipse SDK - /Users/jpkraemer/Downloads/jhotdraw60bl
» . . » n_._} Q,M

[7] Desktopjava )] Desktop€vent java £ ] DesktoplventService java 55 Outtine 23 =

# " B(¥)DesktopEvent Jove - in‘z \ \: Qo \l
]
¥ 5 HotOraw packoge org.ihotdraw.contrib; :b org jhotdraw. contrid
VS » import declarations
» (£ org jhonrdraw #® import org.jhotdraow.framework.DraningView; | v {2 DesktopEvent
» 1§ ocg jhordraw.applet ®  myDrawingView Orawing
» i org jhordraw.application @  myPrevicusDrawingView
. i G111} et ’ RBussrs « ce "~ t
» & org Jhotdraw.contrib i (S'L“;;‘.:Erit;t:[::‘;:veu,.r, sourceforae,net ° cmmwoc“mm‘kmo' Ovawing
» j# org jhotdraw.contrib.dnd ‘ e PAT BRI © Desktoplvent{Desktop, Drawing
’ > o
?’ org.jhotdraw contrib.htmi public cless Desktopfvent extends EventObject { setDrawingView(DrawingView)
» [B org jhordraw.contrib.zoom private DrawingView myDrawingVies; 9etOrawingView() . DrawingView
> 8 oeg jhordraw, figures sotPreviousDrawing View{Drawin
» (1 oeg jhordraw, framework /** getPreviousDrawingView(  Dra
» (£ org jhordraw.images * Some events reguire the previous DrawingViewm (e.g. when o new DrowingView

-

Yiew

v
D

MAW

» {5 org jhotdraw.samples ® is selected)

¥ # org jhotdraw.samples. avadraw
» | J| AnimationDecorator. java

m public DesktopEivent(Desktop newSource, DramingView newDrowingView) {

¥ }| BouncingDrawing java this(nenSource, newDromingVien, mull);
» |J] FollowlRLT ool java }

¥ of | JavaDrawApp java
» |1} avaDrawApplet java public DesktopEvent(Deskiop nemSource, DrawingView newDrowingView, DrawingView newPravicusOV) {
super{nenSource);

setDrawingVies(nenlrawingVien);

setPreviousDraningVien{newPreviousOV);

privote DraowingView myPreviousDrowningVies;

» 1] avaDramNiewer java
» [J] MySelectionTool java
» 1| PatternPainter. java }
* |J] URLT ool java
@ JavaDrawAppletiieip, html private void sctDramingVies(DrawingVien nealrawingView) {

» {25 org jhotdraw samples, javadraw.san myDrawingVien « newDromingView;

» [H oeg jhotdraw, samples.minimap 1

» [H org jhordraw samples.met

» 1§ ocg jhordraw, samples. nothing

» [H org jhordraw.samples.pernt }

» {55 org jhotdraw.samples.pert.images
» 8 org jhotdraw.standard privote void setPreviousDrowingView(DrawingViem neaPreviousDrowingVien) {

» &8 org jhotdraw. test myPreviouslraningVien « nenPreviousleaningView;

» &8 org jhotdraw test.contrib }

» &8 ocg jhordraw test figures

» & oeg jhordraw test. framework

» 45 org jhordraw test samples javadeav

» §# org jhotdraw.test.samples.minim

» G org jhotdraw . test.samples.net

» & org Jhotdraw.test.samples.nothing

» 8 org jhotdraw.test.samples. pert

» &8 org jhotdraw.test.standard

» & ocg jhordraw test, util

» A4 org jhotdraw. test util collections jdi 1 :
Cﬁ 9‘! a ot J o Problems & uvadot [, Declaration = Call Hierarchy 53
» &1 crg jhordraw test.util.collections jd) |

» & org.jhotdraw.usil Calis !rom 'Ocsnoo:wma)emop. DrawingView, DrawingView)' - in workspace 7
» [B org jhotdraw.util.collections.jok11 v& Dulmoumummp. DrawingView, DrawingView) - org jhotdraw.contrib DesktopEvent

» |8 org.jhotdraw.util.collections. jdk12 > ¢ EventObjectiObject) - java.util EventObject .
» 3 JRE System Ubrary UavaSe-1.6 > @ sctOrawingView{DrawingView) : void - org hotdraw.contnt. Desktopfven

» @ setPreviousODrawing View{DrawingView)  void - org |hotdraw contrib. Deskctopbver

public DrewingVies geotOrawingVien() (
return myDrowingView;

public DrawingViews getPrevicusDraningVies() {
return smyPreviousDrowingView;
}

org jhotdraw samples. avadraw Animator java ~ JHotDraw/src



Tools Used in Eclipse

[Murphy2006, How Are Java Software Developers Using the Eclipse IDE?]

3%

10%

2%

BN Package Explorer
. B Search
1% s Type Hierarchy
s Qutline
s Call Hierarchy
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Easing Access to Task Context

CTHCI — Jan-Peter Kramer
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p

= Java - Attach error log entries into new bug reports - Eclipse SDK
File Edit Navigate Search Project Run Window Help

Wi Q@ -

4 »l. —
3 Jou e MK -

L::‘ X }> - - -

B #H G-

IS Package Exp 2 '3 Hierarchy| = 1 W/ BugzillaAttributeMapper.java  a *216640: Attach error log entries into new bugr h:) 0 || B Task List 32 ==
=1 e ' ' i ﬁ:',_'! 3| « -
' lm Bug 216640 Eclipse % & @ & |E~| @ O~ &~ |« 8
i >org.eclipse.mylyn bugzilla.core [de. | Find: P All b Allowto ed...
o src Attach error log entries into new bug reports
if§ org.eclipse.mylyn.intemalbug: Bl ; ps Status: NEW Bug: 216640 Opened: Jan 25,2008 Modified: Jan 29, 2008 2:32 AM iy Mylyn - Mik [Bugzilla]
113 Bugbllaém'bU§eMappef-Ja\: S | » 9 3] 162335: [context] Allow "Make Land
- ? Bf-;lglc':l.aAtt.nbuthappe, R~ 3 : Y a] 267524: create Mylyn 3.2 release plar
(24 nt.jav
ce G“gé' . .“'ec'_’a‘a b Attachments (0) | iy Mylyn - Rob [Bugzilla]
y BugziliaClient | B A } = 4 124224: Allow to edit priorities in 1
e T e | G Project - Steffen [Trac]
Jj BugzillaClientFactory java | 7] 83: filter sort results
B MNaCli E v Comments (1) —| |+ ‘ g
G ugzillaClientFactory ' 97 84: upgrade ws api
1 # taskRepositorylocat @ i § 1: Mik Kersten, Jan 29, 2008 1:54 AM \ o(a S: address web site nits
= org.eclipse.mylyn.bugzilla.ut [dev.ec ‘ - 7 ;
(] 5; _CrL_‘P yynouga l o Coraaars B0 3y Target - Rob [Atlassian]
g =€ ‘ o PLE-290: logged in as wrong user wk
0 ‘:{_fv'\J-*-'T"F"?E-'“.- lynantemal.bug: @ | ooking into this now, see also related bug 124224, - & PLE-327: Documentation for Eclipse
td (B;gznllaL{pdatcAttachmenb | PLE-172: Create Crucible review witk
) 3”92‘"°UPd°t°At.t“hm 7 5 PLE-238: add an action to a cha
o currentSelection ‘
@. init(IViewPart)
\
v Actions v People \

) Leave as NEW

_ Accept (change status to ASSIGNED)

Assigned to: Mylyn Inbox <mylyn-inbox@e

Reporter: Willian Mitsuda <wmitsuda@c

" Resolve as FIXED - QA Contact:
1
Duplicate of Add CC: &Y Synchronize &2 -
@ Reassignto  ° m| Jacek.pospychala@pl.ibm.com Change Sets for CVS (Workspace) >
D ] mik.kersten@tasktop.com 1= . : |
; E | mikkersten@tasktop.com 8" M| Evd ¥ E
§) Submit | mylyn-inbox@eclipse.or & o
L 40 | & myly pse.org + 0 ([ | 2
A7, Allow to edit priorities in the task list
St i) ) ';:;"5,) ~org.eclipse.mylyn.bugzilla.core |d
A=, streamline task attachments
) Planmng @ Context 0 Bugzulla < | 1 '

[Kersten2006, Using Task Context to Improve Programmer Productlwty]CQ




Recommender Tools

[Singer2005, Nav Tracks: supporting navigation in software maintenance]

_ [Deline2005, Easing program comprehension by sharing navigation data]
[Cubranic 2005, Hipikat: recommending pertinent software development artifacts]

£ Java - AssodationRepository.java - Edipse Platform
File Edit Source Refactor Mavigate Search Project MavTracks Run  Window

s @ @B 50 - |GEG-|® s |5

% Related Files 22 S =) ' A AssodationRepositary...
| Resource |
CydeAssodationEngine. java 2 * Created on 8-

AssodationSorter.java
AssodationContentProvider.java

® Calculate a Degree of Interest for

== = ) .
| | Package Explorer H\ | & 7» import java.uti

source code elements based on: N

[= ‘—-L =NavTracks [cvs.cs.uvj NavTracks T )
I i =g > VATALRS - relve
® readlng hIStOI")’ T H® gc}calgcmlm Related Files view /-

H- B ca.go.nrcit.navira

'

5 T OO Eg I ERFIT EE DD
e B % LYoo= - T R . e o X
RSN EE TSR AR B SRR
A 11 C . P =Y

EEEE
L

B ol 5 1 3 3 i
3 "‘“‘-l#vl#i-lﬁ"'-l'lvl:p._l._““““*"‘I‘-:\:'L-l-l'#-'
::“;.| [T N v 3

= =ca.go.nrciit.naviracks.assoda’ 2=vpublic class As:

o editing hiStOI")’ -;+' J} AssodationBean.java 1.3 (s

o |

# 1l] AssodationRepository.java 2
o — currentrigure © maw Trangle this);
® history of other team members Curantry Jelehe

cage 2!

238 currentFigure = mew LThundar!thig);
® information from version control oy

currintFgpure = moew RThunder] Ehs);

Systems 242 Baresank;
243 caRa 4
234 currentrigure = maw RightT(this);
i break;
cage o
rlirrAnTFinure. = new | afr T rhig"

= = £l
] g
EIEEE E EE EEE EEEE - OB EEEE- O

i

Mast reiased i GATerisConiral. TeirsGrid. TnitFigre

wr Inithhract Figues {) Slpub i TevrisGridi} u)
L = Backcalor =

%  Figure. Conlaw () SysemColors . window;

# rulMenvlaarna ) &

@ Figure. Drawiigure () |

R [ DEE0 ouu
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Changing the Presentation

[DeLine2006, Code Thumbnails: Using Spatial Memory to Navigate Source Code]

"+ GATetrisControl - Microsoft Visual Studio - [B]X| 5li=]ES
File Edit View Project Buld Debug Data Tools Test Window Community Help ommunity  Help
" Thumbnail Cverview . Figure.csa | ~ ¥ | CodeThumbnal « 3 X Code Thumbnal — ~ & X |
s -y h ﬂ 1
% GATetrisControl.Figure ¥ | | 3% CanMove{MoveDirection dir) - | Ei— | e
] 79 3 ps E lenum RotateDirection]
EZ=§ J/first clear previous location of the fig = ;5_-____ = enumHﬂtateﬁ_l.n-gle_|
e : [ = [ [enum Movelirection|
e Glearkignred) s L - [Figure(TetrisGrid]
=Pt switchidir) £ = - | GetRectsIndexes(]
23 : " e CrawPreview(Graphic
=-— case MoveDirection.Left: = file— = I"i'live[l"dweﬂlrectmn]
=E xPosition —= 1; | = i
26! break; [ Eme= | [ DrawFigure(]]
87! case MoveDirection.Righ [ — DrawPreviewSguare(
EE xPosition += 1; -5l |E|EEFFIQUFEU|
e} break: =i N Ehartgpeﬂﬂtate.ﬁ.nglel:l
90! case MoveDirection.Down: o ,.j’.f"
! - e ==
91 vEo=ition 4+= 1; e i"'-s':‘.
92; bBreak; [ == | GetDifferentindexes(L
83 case MoveDirection.Rotate: i oo L |Can|"a1we[l"a11:ﬂ.rﬂ[}|ra:t
O T - ﬁ'—- A T e
84 ChangeBotateiAngle () ; a2 Fas
35! break; = B
96 } - e
97 f/fdraw the figure at the new location e T
=X ¥ i ' | e | A
Ready

CTHCI — Jan-Peter Kramer 19 media computing group




Changing the Presentation

Wa¥s'

¥ e

»

.

»

base-config
command
document

editor
exlensong

file

help
htmiContert
language
UveDevelopment
UveDevelopmentvs
nis

preferences
project

search

sty'es

thirdparty

utils

view

widQets

brackets config json
brackets js
config json
index. hemi

strings.js

[Sublime Text 2, http://www.sublimetext.com/2]

= DocumentManager.js — scc INRECISTERED *

DocumentManager. js

*= Returns the document's current contents; may not be saved to disk yet., Whenmever this
value changes, the Document dispatches a “change™ event.

-
»
* @param {booleans} uselOriginallLineEndings If true, line endings in the result depend on the
* Document's Line endings setting (based on 0S & the original text loaded from disk).
» If false, line endings are always \n (like all the other Document text getter methods).
* @return {string}
»/
Document.prototype.getText = function (
if (this. masterEditor) {

// CodeMirror.getValuel() alvays returns text with LF line endings; fix uwp to match line

// endings preferred by the document, if necessary

var codeMirrorText = this. msasterEditor._codeMirror.getValue();

if (useOriginallineEndings) {

if (this._lineEndings === FileUtils.LINE_ENDINGS_CRLF) {
return codeMirrorText.replace(/\n/g, "\r\n");

eOriginall ineEndings) {

}
}
return codeMirrorText;
) else {
// Optimired path that doesn't require creating master editor
if (useOriginalLineEndings) {
return this. text;
} else {
return this._text.replace(/\r
)

/g, "\i*);

S
* Sets the contents of the document. Treated as an edit. Line endings will be rewritten to
*« match the document's current line-ending style.
= fparam {!string} text The text to replace the contents of the document with.
»/
Document .prototype. SEETERY = function (text) {
this. ensureMastertditor();
this. _msasterfditor._codeMirror.setValue(text);
// _handleEditorChange() triggers “"change™ event

);

=

* Sets the contents of the document. Treated as reloading the document from disk: the document
= will be marked clean with & new tinmestamp, the undo/redo history is cleared, and we re-check
= the text's line-ending style. CAN be called even if there is no backing editor,

= Gparam {!string} text The text to replace the contents of the document with,

= @param {!Date) newTimestamp Timestamp of file at the time we read its new contents from disk.
./

Document.prototype. refreshText = function (text, newTimestanp) {

var perfTimerName = PerfUtils.markStart(“refreshText:\t* + (Ithis.file || this.file.fullPath));

| @it branch: master, index: 37, working: 1# 37, 7 characters selected

CTHCI — Jan-Peter Kramer
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[Bragdon2010, Code bubbles: a working set-based interface for code understanding and maintenance]



Canvas Interfaces in the Wild

[DeLine2012, Debugger Canvas: Industrial experience with the code bubbles paradigm]

! Process: [3840] WindowsApplicationl.vsho ~| Thread: [536] Worker Thread - ¥ Stack Frame: | WindowsApplication] .exe!WindowsApphc ~ =

= 100%

80%

60%
40%

20%

O% rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnrnriti

135 7 911131517192123252729313335
Weeks usage

Percent adopters per d

localSerialSource.PortName = "COM4
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Utilizing the Call Graph
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@

e Pencil

-
Eraser - Paint

Task |

# successful time (min)
30

20

10

Clear the canvas whyline
v e A ppequreec s 0 B control

Undo my last stroke

Task 2

# successful time (min)
30

20

whyline
M control

[Ko2009, Finding causes of program output with the Java Whyline]



- [void)movePapers: (NSArray =)paperinfos forfield:(NSString «)field fromDocument:
{8ib0ocument w)ldoc options: (NSInteger)mask{
NSFileManager ofe = [NSFileManager defaultManager):
NSInteger numberOfPapers = [paperlnfos count);
BibIten #»pud = nil;
HA0SKLinkedFile ofile = nil;
NSString =oldPath = nil ==
NSString enewPath = &~ S 7
NSMutableArray sfi)f MutableArroy arrayWithCapacity: nulberOfPaper,
NSMutableArray wef WutobleArray arrayWithCapacity:5];
NSMutableDiction
NSError serror o

800L initial =«
800L force = (ma
800L check = {ing

=0ptionMask);
\\0) &6 (mask & RDS(Chech(o-plozfAJto-

b N N N
. g SN
it (numberDfPapers == @ S
return; *
it (fnitial &6 (field i3 EqualYoString:BDS $KLocK FileStrin .
INSException roise:8DSKUnimp c-'r'r*'nc:p:xf' Ly implenented ;
local files for initial moves.” NSStringFroeSelector

if (numberOfPapers > 1) {
[self window]:
[progressindicator setMaxValueinumberOfPapers);
[orogressindicator setDoubleValue:9,9);
[[sel? window] orderFront:nil):

for (ic¢ paperinfo in paperinfos) {

file = [paperInfo valueForKey:8DS5xF (1
pub = [paperinfo valueforKely:tosks
oldPath = [[file URL] path];
LT {initial) // #2 B
newPath =
/7 an e
newPathf
i (nusbery
[progri
[progt

else

eceded] ;

it (lN‘Sx-xnu N INSString LsEmptyString:newPath] |
[oldPath 1$EQUaIToStr1ng.
[pud 'cncvcl1Le1oUc!1 ed:file];

continue;

dPathl] ||

}

info = [NSMutableDictionary dictionarywithCapacity:6];
[info setValue:file forKey:805K FileKey);

finfo setValue:oldPath forKey:BDSKFilerOldPathKey);
[info setValue:pub forKey:BOSKFilerPublicationKeyl:
error = nil;

L1 {check &6 NO == |[pud canSetURLForLinkedFile:file)) {

[info setValue:NSLocallzedStringl(@"Incomplete Inforsation to generate file
name.",@"") forXey:BDS5KFilerStatusKeyl;

[info setValue: [NSNusber nusberWithInteger:B0SKIncospleteFieldsErrorMask])
forXey:8D5KFilerFlagKey];

[info setValue:NSLocalizedString(@"Move anyway."

[info setValueinewPath forkey:BD

J2"") forKey:80SKFiler¥fixKey);
SKFLlerNewPat 1".(",];

= (NSURL #)suggestedURLForLinkedFile: {BOSKLIinkedFile »)file

NSString -p.pqrsFolcerF.th » (BOSKFormatParser 'n1ccr9athFurFx1;nqp;prquronDa(ungwlAzD

———

it (([NSU.er“‘auLts tandaf‘" Setoubte)-baelfaorkeans Sote
relativeFile = [relativeFile lovcrcaseStrxngl

return [NSURL fileURLWithPath: [papersFolderPath string3yAppendingPathComponent:relative

+ (NSString e)parseFormatForLinkedFile: (BOSKLInkedFile o) file ofIten:(id <BOSKParsesblelten
{

NSString -localFxleFor'ot = [[NSUserDefaults stanaavaUserchoul'sl objectForKey: BDSXLoc

t{NSString »)format forlLinkedFile: (BOSKL inkedFile »)file ofItem:{!

¥ *:1N‘§'r ng 'papcr "o 1

erPath = [selt folderPathForFil 1nqvop¢'sFr phocusentAtPath: ([{pub o

“YRL] path);
~_s'olderPath strxngayAppe #

- UinkedFile:{B0s

NSMutableString eparsedStr = [N
[parsedStr appendSteing:@ " TRIAL"Y;
NS5String eprefixStr = nil; 3,
NSScanner sscanner = [NSScanner scanne

NSUInteger uniqueNusber; )
unichar specifier, nextChar, unxqueSoec:'xe é;no;g

ableString stringl;

3 hS!txn;:foraotl:

) NSString suniqueSeparator = nil . S
3 NSCharacterSet »slashCharSet = [Nﬁfrava<tcvSr! PR Ctge™ aractersIaStringiet/”]
BOOL isLocalFile = [ficldName islocalFilefic:¥DiRaNy/ A ToStrlng:dDEtLa:a.
[scanner 5ct(haracter'108e5kzppco ntl); ‘/ A
End]) { i
N |
A0 "N IntoString: &
bout a valid format,§ b string
istringl; N p
i l: allows but ignores % at end
fscon intoStringiNuULL]);
[/ Tou e should be & speciflier cha

#acteribspecifier]) {

nases, optional
NSUInteger nusChars = 8;
NSUInteger i, numAuth = @;
NSString sauthSep = @"";
NSString =etal = @*";

BOOL :slast = NO;

i1 {NO == [scanner SsAtEnd]) {

// awthor

{separator], letall, #nares and #chars

In practice: Feasible paths most interesting

[LaToza2010, Developers ask reachability questions]
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Utilizing Call Graph Information

[LaToza2010, Searching Across Paths]

ExplicitFoldHandler
r==-=-===---- +getFoldLevel

' IndentFoldHandler

1
< JEditBuffer
+getFoldLevel
1

+getFoldLevel = -

4 s ' ~ .
......... PSR - O +getLinelnfo = = = -
3 ~JEditBuffer BufferHandler JEditTextArea _ _ . - - ~ -

\#ﬁreFoldLeveIChanged-@ - +foldLevelChanged - - - +invalidateLineR3nge
EEIITE - - L JEditTextArea
+invaIidElteScreenLineRange
Legend

method call that is always executed

+methodName
#methodName
-methodName

public / protected / private method
method call that might execute

method visited by developer

+methodName

method with callers that are not shown e mutually exclusive method calls

~
+methodName

TypeName

type with type name method call in a loop

CTHCI — Jan-Peter Kramer 26

ChunkCache JEditBuffer
\—updateChunksUpTo- - —lineToChunkList - = +markTokens
‘ [

' , recursive method call

.......

paths of calls with hidden methods
data flow

expression that matches search

media computing group :



Static Analysis in the Wild

[Clang Static Analyzer, http://clang-analyzer.llvm.org/]

& Example.m:24:1 ¢ [ foo0 & 2= .|, ® |a
2. Object allocated on line 13 is no longer referenced after this pointand hasa... ; (4 » ) [ Done)

< | »

10 |}

11

12| | void foolipt x, int y) {

13 id obj = [[NSString alloc] init];
14

- &3 Method returns an Objective-C object with a +1 retain count (owning reference)

15 case 0:
16 [obj release];
17 break;
18 case 1:
4 19 // [obj autorelease];
20
21
22
23

e 24



http://clang-analyzer.llvm.org/%5D
http://clang-analyzer.llvm.org/%5D

Call Hierarchy

B Converter.xcodeproj
4 » aMainController.m:39:1 2 @ -performCc ~. “. C, #, &
I(void)convertcllckedfiLo)sender:
//do something
» if (self.theConverter == nil) {
33 ; self.theConverter = [[Converter alloc] init];
34
35
36 [self performConvert]);
EH }
38 :
={void)performConvert;
4 tf (([self,input floatValue]l != @) || ([[self.input
4 {self convert];
S\ )
&
47 ={void)menuCallback:(id)sender;
a8
49 [self convert);
%0
51
s2| | //convert from Celsius
53 //to Fahrenheit
B 54 I(votd)convort:

55
56 //7get celsius value

! 57 float ¢ = [self.input floatValue);

" 58
59 //convert to fahrenheit k
&0 float f = [self.theConverter c2f:c);
(3
62 //update view
03 ; [self updote:f); k )

z(votd)updote:(floatlf;
//do something

gend




Stacksplorer

[Karrer201 |, Stacksplorer: Call Graph Navigation Helps Increasing Code Maintenance Efficiency]

o MainController.m - Converter
o -
dd Method Hide c
ManController,m:39.8 ¢ -performConvert & Ce 7", & 4
{ o
| 14| ]
ﬁhin(onlrolkr
. - %
MainController ~(voidiperforaConvert; Y input
{
1 ini ((] T floatValue] '= 8) || (It " stringValuel MainController
MainController ; eril; input
convertClicked: } ’ MainController
k’ converiy
enuCaliback:{id)sender; .
tl;
{ g
o
'
—~ . - ) "
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Blaze
[Kramer2012, Blaze: Supporting Two-phased Call Graph Navigation in Source Code]

®NO MainController.m - Converter
Tag Method - X C N
-« B MainController.m:39:10 ¢ -qQw S . +.Co #, B &
T T T O T AT BT YUY -]
}
} »

~(void)convertClicked: (1d)sender;

{
( == ) {
= [[ er alloc)] init);
}
: [self performConvert]; MainController
. ! convertClicked:
-{voic)qw
{
it (([self, t floatvalue] != @) || ([(self. t stringValue] isEqui i
{ 3 MainController —_—
[self convert): performConvert ——

~({void)menuCallback:(id)sender; MainController
Bal? toctertlt ] convert
}
vo Fahrenheft ' Converter
-(void)convert; B c2f:
{
i C = ' elf, floatvValuel;
f=| et 21:¢c);
[ et fl;
}
H
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Analyzing Navigation Behavior
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Call

Stacksplorer

Hierarchy
Find Change
Location Task Success
Side Effects Task Completion Time
of Change

33 Developers
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Task Success

p=0.01I5

6
g 4.5
=
i
)
3
S 3
0
O
7
s 1.5
:ﬁ; -
0
Xcode Call Hierarchy Stacksplorer Blaze
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Task Completion Time

p=0.022

1900
K
o 1425
S
=
9
s 950
-
=
o
)
£
Y 475
S
&
0
Xcode Call Hierarchy Stacksplorer Blaze

1000
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Call

Effectiveness [Vl . Stacksplorer
Hierarchy

Call

SUISRNC Hierarchy

Stacksplorer

Why!

[ Ul Differences J

Navigation Behavior |

ooooo
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[Fouse201 |, ChronoViz: A system for supporting navigation of time-coded data]
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Comparing Navigation Behavior
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L ee—— E——

Li=(p1,1} ..., |[P640.480) L=(p1,1,-..

F4  F5 Fl.  F2
_\ /_ | . Features v

2. Transformations

CTHCI — Jan-Peter Kramer . V . - 38 media computing group 2!’




[Piorkowski201 |,
Modeling programmer
navigation: A head-to-
head empirical evaluation
of predictive models]

Prediction Accuracy

CTHCI — Jan-Peter Kramer 39 media computing group 21




A Predictor

[Piorkowski201 |, Modeling programmer navigation: A head-to-head empirical
evaluation of predictive models]

H=(mi, ..., mj)  Navigation History ¥ H = (a, b, a, d)

All methods known

M; to developer at time M4 ={a,b, d}
1
. Activation value for Ag(a) =3
Ai: Mi - {mi;—>R each method in M; A4(b) =2
. Rank-transformed Ra(a) = 1
Ri: M - {mi;—N version of A; R4(b) =2

Result: N top-ranked methods

CTHCI — Jan-Peter Kramer 40 media computing group 223}



Prediction Accuracy

50 %

Xcode

40 %

, 20 %
/

S 10 %

Stacksplorer

N=1 234567 89I1011121314151617181920 N=1 234567 8 9 1011121314151617181920

- Recency
< Within File Distance

# Frequency
< Fwd Call Depth
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Prediction Accuracy

50 %

Xcode Stacksplorer

40 % -

30 %

20 %

10 %

N=123456789I1011121314151617181920 N=1 234567 8 9 1011121314151617181920
<% Fwd Call Depth Undirected Call Depth
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@ Flex Builder File Edit Source Navigate Search Project Data Run Window Help

OO Flex Development - bpVideo/sr¢/bpVideo.mxml - Adobe Flex Builder 3 )

I BHESIBIO-B-%-@ Q-] F LGSy - = @ Flex Develop... »

o -

<>} Source | Design

«?xml version="1.0" encoding«"utf-8"7>
emx:Application xmlns:mx="http://wwn. odobe. com/ 2006/ nx21" layout="absolute” creationComplete="loadData()">

emx L Scrpts

<! [COATA[

public function loadData():void {
4 URLLoader
) }
c/mx ;(Plﬁi=

</mx:Applicotion>

'_;PmblmleConsole & Xk Rl&EE 2B8-r4y =0
<terminated> bpVideo [Flex Application) file:/Users /mirad /work/projects/Blueprint/code/bin-debug /bpVideo.htmi —
[SHF] Users:mirad:work;projects Blueprint:code:bin-debug:bpVideo. snf - 633,020 bytes after decompression
undefined

[Brandt2010, Example-centric programming: integrating web search into the development environment]
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[Oney2012, Codelets: Linking Interactive Documentation and Example Code in the Editor]
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[Victor2012, Inventing on Principle]



Finding focus points

Understanding a subgraph
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Expanding focus points

s

Questions over groups
of subgraphs
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CydeAssodationEngine.java
= AssodationSorter.java
AssodationContentProvider.java

[% Package Explorer £3

ca.gc.nrc.iit.navirates
>ca.ge.nrc.iit.naviracks.assoca’
[§) AssocationBean.java 1.3 (
11} AssodationRepository.java

=
[

break;

cage 2:
currentiigure
break;

cane 3
currentFigure
break:

case 4
currentrigure
break;

case 5:

rurrantfinure

- Java - AssociationRepository.java - Edlipse Platform

¥

NavTracks
y Related Files view

5 package ca.gc.n

7P import java.util

i P

= new LThunder(this);

= new RThunder(this);

new RightT(this);

= new | &7 T/ this):

Ysov00e0e

DEEEERERER
-

i IntNoxtFiguee ()
# nextFi

tad

# Figure. CanDrow ()
# InibewiGame ()

@ Figure. Drawfigure ()

public Tetrizcrid(}

Resizepedraw = true
BackColor =
systencolors. windom;

= 2 R
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