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Design




Time in Software Development

[LaToza2006, Maintaining mental models: a study of developer work habits]
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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
b Relate Collect
no cues need more
at node U U 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@ 9 experienced

“ developers (pair

programming)

22 5 |6 developers from
“ industry

Real world change
task

| of 5 maintenance
tasks per session

: :
e -

" ArgoUML e

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]

T

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

of subgraphs
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800 |i| Java - jHotDraw/src/org/jhotdraw/contrib/DesktopEvent java - Eclipse SDK - /Users/jpkraemer/Downloads/jhotdraw60b1
L - b - 0 q v :i; 6 - . > . - — . :—} QJM
m: Type Wen| =0 |J] Desktop java L Desktopvent java P J] DesktoplventService java . 55 Outline 2 =0

= g @ * B(#)DesktopEvent. jovel = iaz \ \S o \L v

~

] : :
'57;':;‘“0'” packoge org.jhotdraw.contrib; 8 org jhotdraw.contrib
A vk U b ‘o impon declarations
» (£ org jhondraw # import org.jhotdrow.framework.DrawingVies; | v {9 DeskropEvent
» [§i org jhordraw.applet o  myDrawingView : DrawingView
» G org jhotdraw.application /e ) o © myPrevicusDrawingView - Draw
» & org Jhotdraw.contrib - C.L.Gilbert <dnoyebfysers,sourseforgs.net> @ © Desktoptvent(Desktop, Drawing

. 5 CURRENT_VERSIONS>
» [# org Jhotdraw.contrib.dnd . <SCURRENT_VERSIONS o  DesktopEvent(Desktop, Drawing

» [ org jhotdraw.contrib html public class DesktopEvent extends EventObject { setDrawingView{DrawingView)
> [# org jhotdraw.contrib.zoom private DrawingView myOrawingVics; geDrawingView() - DrawingView
» (8 org jhordraw, figures setPreviousDrawingView(Drawin
» [§ org jhordraw. framework /e gerPreviousDrawingView)  Dran
» (£ org jhordraw.images * Some events reguire the previous DrawingView (e.g. when a new DrawingView
» {E org jhotdraw.samples * is selected)
¥ i org jhotdraw.samples. javadraw o

» |J] AnimationDecorator. java

public DesktopEvent(Desktop newSource, DrawingView newDrawingView) {

¥ 1} BouncingDrawing java this(nenSource, newDromingView, mull);
» [J] FollowURLT o0l java }

> J] JavaDrawApp java
» 1] JavaDrawApplet java public DesktopEvent(Desktop nemSource, DrawingView newDrowingView, DrawingViewm newPrevicusOV) {
super{newSource);

setDrowingVien(nealraningVien);

setPreviousDrawingVien{newPreviousDV);

privaote DrawingView myPreviousDrawingVies;

» 1] avaDrawNiewer java
> [J] MySelectionTool java
> ,L PatternPainter. java }
» |J] URLT ool java
W JavaDrawAppletitelp, html private void setDrawingView(DrawingVies nealrawingView) {
» {5 org jhotdraw, samples javadraw.san myDroningVien « newDromingView;
» (8 org jhordraw samples. minimap }
» 1§ org jhordraw, samples. met
» 1§} org jhordraw.samples.nothing
» [§ org.jhotdraw.samples.pent }
» {5 org jhotdraw.samples. pert.images
» [§ org jhotdraw.standard private void setPreviousDrawingViewn(DrawingViewn neaPreviousDrawingView) {
» & org jhotdraw.test myProviousDraningVien « nowPreviousDraningView;
» &8 org. jhotdraw.test.contrib }
» &8 org jhordraw test. figures
» &8 org jhordraw test. framework
» 4 org jhordraw. test.samples javadrav
» 4 org jhordraw.test.samples. minimag }
» 4 org. jhotdraw.test.samples.net
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qﬁ 9’_ ' ¢ ' J 0. Problems @ Javadoc [, Declaration :* Call Hierarchy 23
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» B JRE System Ubrary JavaSE-1.6

org jhordraw. samples. javadraw Animator java « jHotDraw/src



Tools Used in Eclipse

[Murphy2006, How Are Java Software Developers Using the Eclipse IDE?]
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Easing Access to Task Context

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

WO -Q -
s Hierarchy =~

24|
7% >org.eclipse.mylyn.bugzilla.core [de.
o src
I org.eclipse.mylyn.internal.bug:
)3 BugzillaAttributeMapper.ja\
ﬂ BugzillaAttributeMappe
\J} BugzillaClient.java
(3 BugzillaClient
© postAttachment(St
\J} BugzillaClientFactory.java
(3 BugzillaClientFactory
# taskRepositoryLocat
',;j!' org.eclipse.mylyn.bugzilla.ui [de
§9 src
8 org.eclipse.mylyn.internal.bug:
\J1 BugzillaUpdateAttachment,
Q, BugzillaUpdateAttachm
o currentSelection
@. init(IViewPart)

C3~ E
IS Package Exp 7

«J%
=

4 P

o~
/| BugzillaAttributeMapper.java
. Bug 216640

=08

Z *216640: Attach error log entries into new bug X

Eclipse % & @ J | =~ | @

Attach error log entries into new bug reports

& P5 Status: NEW Bug: 216640 Opened: Jan 25,2008 Modified: Jan 29, 2008 2:32 AM

» Attributes 8
» Attachments (0)

» Description o [
v Comments (1) = @
# {1 1: Mik Kersten, Jan 29, 2008 1:54 AM

New Comment e O
Looking into this now, see also related bug 124224, -

v Actions v People
) Leave as NEW Assigned to: Mylyn Inbox <mylyn-inbox@e
) Accept (change status to ASSIGNED) Reporter: Willian Mitsuda <wmitsuda@c
Resolve as FIXED - QA Contact:
Duplicate of Add CC:

o

_ Reassign to defau

‘ %) Submit J

@ Reassign to Jacek.pospychala@pl.iom.com

mik.kersten@tasktop.com
| mik.kersten@tasktop.com

| mylyn-inbox@eclipse.org

(Select to remove)

% Planning @ Context (J Bugzilla

o @)
&~ & ~|[&)

» All

= B8
9~

P Allow to ed...

Bl Task List 32

| Find:

iy Mylyn - Mik  [Bugzilla]
¥ a] 162335: [context] Allow "Make Land:
Y(a) 267524: create Mylyn 3.2 release plar

=iy Mylyn - Rob [Buagzilla]
4] 124224: Allow to edit priorities in 1

(£ Project - Steffen [Trac]

| 83: filter sort results

| 84: upgrade ws api

=4

S o o

s a 5: address web site nits
(=@ Target - Rob [Atlassian]
| PLE-290: logged in as wrong user wk
PLE-327: Documentation for Eclipse
| PLE-172: Create Crucible review witk
) PLE-238: add an action to a cha

[ )[e)e)

»

&Y Synchronize 2
Change Sets for CVS (Workspace)

vl v ¢ B

& %

A%, Allow to edit priorities in the task list

| . | o B

'i_—,{_, »org.eclipse.mylyn.bugazilla.core [d
=, streamline task attachments

‘ < mn ’

[Kersten2006, Using Task Context to Improve Prbgrammer Productivity] <




® Calculate a Degree of Interest for

Recommender Tools

[Singer2005, Nav Tracks: supporting navigation in software maintenance]
[DeLine2005, Easing program comprehension by sharing navigation data]

V4

[Cubranic’2005, Hipikat: recommending pertinent software development artifacts]

source code elements based on:
® reading history

® editing history

® history of other team members

® information from version control
systems

® Remaining Problems:

CTHCI

e Still only text-based visualization

® Recommendations for irrelevant code
are still irrelevant

— Jan-Peter Kramer
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AssociationRepository.java -
File Edit Source Refactor Mavigate Search Project MavTracks Run

Edlipse Platform
Window

| &~ | ]

%) Related Files 52

| Resource

>~ = o\f

CydeAssodationEngine.java
AssodationSorter.java

AssodationContentProvider.java

S package ca.gc.nx

T——

14

B =src
B >ca.gc.nrcitn

-3

@3-

Related Files view

* * ca.gc.nrc.iit.navira
E ;_17 >Ca.gc.nre.iit.naviracks. assoda’
| AssodationBean.java 1.3 M

AssodationRepository.java 27 * Log4d Loc

: 7} import java.util

= fww

MavTracks

Z5¥public class Asd

235
236
L_'l,T
238
239
240
241
2472
743
244
745
246

247

currentFigure = new Triangle| this);
break;

case 2:
currentFigure = new LThunder(this);
break;

case 3:
currentFigure = new RThunder{this);
break;

case 4:
currentFigure = new RightT(this);
break;

case 5
currentFiaure = new | eft T this:

Most related to GATetrisControl, TetrisGrid. InitFigure

4 - x [MClass View Favorites
= !Tﬁ]"" \TetrisCartrol
LoE- . ¥ Figure
i1 =% CanCraw {)
i1 e [#]=% CanMove (MoveDirecti
i [F=% CrawFigure
: -l [(7]-$ GeiRactsindeses {
V=% Move (MoveDirsction)
P D_; Viore members
= % tings
i [P2% Init Defautt (j
ff ] @ downKey
Col [ eftiey
i e[ @ rightkey
o e[ @ rotatekey
P E- 0= More members
LR .‘*0 TetrisGrid
. 2% Clearline ||t
=% Getline jint
A R v ] '..:c.u!u.ftFugur.; 0
i b [W1=% InitFigure [
il e IntNewGame
@ Inithext Fgurs
@ IntRectangles |
=@ ProcessDiglogkey (Key
=@ ScrollLine fint)
@

nnnl

i & E TimerTick {object, Ever
o - [F=% Updatelnterval {)

o =% Updatelaval |

[

-~
|
|
|
|
=
-
|
@

= ; '_- 0= More members
i B[O Mare classes
E-[JE Mare projects

i< InitNextFigure ()

-& Figure. CanDraw(
@ [InitNewGame ()
% Figure DrawFigure ()

» nextFlE

ResizeRedraw = true

j pub'lk Tetrisarid()

BackColor =
systemColors. window;

B

7 |$|m|n@|%|@|@| Output




Changing the Presentation

[DeLine2006, Coftaiblinmabexils2 | Uxitrg/ Spavial sMielinmatexo ddavigdte Source Code]

8 00

| FOLDERS

= DocumentManager.js — src UNREGISTERED ™

DocumentManager.js

¥ ¢

*: GATetrisControl - Microsoft Visual Studio - [B]X
File Edit View Project Build Debug Data Tools Test Window Community Help ommunity  Help
- Thumbnail Overview . Figure.csa | ~ » ||Code Thumbnal ~ & X § Code Thumbnail  ~ 1 X |
; ; [ -~ [
#% GATetrisControl.Figure ¥ | | 3% CanMove(MoveDirection dir) W — | T -
. 79! 25 ' enum Fotatelirection]
80/ //first clear previous location of the fig _ |enum RotateAngle |
) e S v [ [enum MoveDirection|
35 ClLERLTIgNreE ()  [Figure(TetrisGrid]
B2 switch(dir) |f GetRectsIndexes(]
g3 [ DrawPreview(Graphid
E-— case MoveDirection.Left: — — @TE[M@IED'FM"JHJ
BS XPasition — 1; L EE”DFEW[:'
56! break:; ' | DrawFigure()|
:' case MoveDirection.Right: | | DrawPreviewSquare(f
EE xPosition 4+= 1; 2 |E|.'.EEFF"§”FEU|
g q; break: [ ChangeRotatelnglel]
:’ case MoveDirection.Down: e
5_ yPosition +—= 1; el
:Jel break: " [GetDifferentlndexes(?
:: cagse MoveDirection.Rotate: i | Eanl"ﬂm@[l‘lﬂm& irect
E-- ChangeRotateingle [) ; %"
95! break: ";_;" _
! ; =
E-' //draw the figure at the new location
=5 ] s |

@it branch: master, index: 37, working: 1# 37, 7 characters selected
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Double Click To Enter [k

[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 - W W Stack Frame: WindowsApplicationl .exe!WindowsApplc ~ =

1 3 5 7 911131517192123252729313335
Weeks usage

localSerialSource.PortName = "COM4"

While 1 > A

CTHCI — Jan-Peter Kramer 21




Utilizing the Call Graph

Design

A Implement
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l)
.'

e Pencil

Eraser - Paint

Task |

# successful time (min)
30

20

10

Clear the canvas whyline
Y 0 M control

Undo my last stroke

Task 2

# successful time (min)
30

20

whyline
B control

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



- (void)movePapers: (NSArray =)paperInfos forField:(NSString =)field fromDocument: S e s e

= (NSURL =)suggestedURLForLinkedFile: (BOSKLinkedFile #)file

(BibDocument *)doc options:(NSInteger)mask{ S . ;o
NSFileManager *fm = [NSFileManager defaultManager]; ' | Y2 NSString #papersFolderPath = [BDSKFormatParser 'oldtrpu!hFo'F;l1n;Pup¢r\FrunDo<unen(A!P
NSInteger numberOfPapers = [paperInfos count]; Q~ ) ) ) e
BibItgm *pup = ni}; }. =& AR B ny S (i i [VEPLLC RS (BDSKFormatParser porscForPalFO'Lxﬂ!chxlc file ofltem:self]);
BDSKLinkedFile *file = nil; ) it ([[\SU‘c'Dcfault standardliserbetauits] -bonalfarkeu: D00k seatittn .
NSString xoldPath = nilge—s— | relativeFile = [relativeFile lowercaseString);
NSString *newPath = S pd AW return [NSURL fileURLWithPath: [papersFolderPath stringByAppendingPathComponent:relative
NSMutableArray xfijf MutableArray arrayWithCapacity:numberOfPapery N\ }
NSMutableArray g \'utableArray arrayWithCapacity:5]; 4 N
NSMutableDictiong \ . / 3
NSError *error ] 1 | + (NSString #»)parseFormatForLinkedFile: (BDSKLinkedFile »)file ofItes:(id <BOSKParseableltenm
BOOL initial = ~E NSString -loca\FLlcForrat = [[NSUserDefaults standardUserOciau\tsl objectForKey:BOSKLoc
BOOL force = (may eOptionMask); ’ ‘ === —_—= =
BOOL check = (iniW $70) && (mask & BDSKCheckCompleteAutoFl,:., GRS Y (;eli parseformat: localFxleForﬂct forLinkedFile:file ofI tem:ipubl;

); W \ . y “ } S = r
if (number0fP o " T g’ :
i numberOfPapers == =5

return; P B ¢+ (NSString =)parseFormat:(NSString +)format forLinkedFile: (BOSXLinkedFile #)file ofItem: (i

S

if (initial && [field isEqualToString:BDSKLo
[NSException raise: BDSKUnlmplementedExceptl
local files for initial moves." ,NSStringFromSelectorQ

-ileString] == NO)
@ format: @"%@ is
md)]l

“*‘Nﬁf'r ko *papers sEolderPath = [self folderPathForFilingPapersFrosDacusentAtPath: [[[pub o
. = y =

g T4RL) patn); ;
YsfolderPath string8yAppend

N ngFromIndex: [papgrsFoldef

if (numberOfPapers > 1) {
[self window];
[progressIndicator setMaxValue:numberOfPapers];
[progressIndicator setDoubleValue:0.0];
[[self window] orderFront:nil];

f oo )

linkedFile: (B80S

for (id paperInfo in paperInfos) { + (NSString o)pa}\c:n,ﬁ

NSMutableString eparsedStr = [NgtableString string];

o [parsedStr appendString:@"TRIAL® 1, X

o NSString eprefixStr = nil; R

NSScanner =scanner = [NSScanner scanne Ry hSlrxng:1o'ao!l:
NSUInteger unigqueNuszber;

unichar specifier, nextChar, unAQueSpecx'xe e 25 A
NSString suniqueSeparator = nil; RN
NSCharacterSet »slashCharSet = [NSCharacterSet RS

file = [paperInfo valueForKey:BDSKFile}
pub = [paperInfo valueForKely: BDSKFll-"
oldPath = [[file URL uath].
if (initial) // = i
newPath =/
else // an ¢
newPathf
if (numberf§
[progr§
[progre

1. : y “\*raczqranS!ran:Q'f“l
BOOL isLocalfile = [ficldName isLocalfilef it 9OiEaNYy/ N\ToString:B0SXLocal

i ) .- Y \
eeded]; [scanner ctCharact:r-ToBeS4xppcd nil); / A

if ([NSString Sy #ldPath] || I
[oldPath isEqualToString '

[pub removeFlleToBeFlled filel;

[NSString isEmptyString:newPath]

AG:8"%" intoString:&s

continue; Pbout a valid format, string
histringl; N A
info = [NSMutableDictionary dictionaryWithCapacity:6]; /7 4y i; allows but ignores % at end
[info setValue:file forKey:BDSKFilerFileKey]; [scany intoString:NULL);
[info setValue:oldPath forKey:BDSKFilerOldPathKey]; /1 TouN ¢ should be a specifier char
[info setValue:pub forKey:BDSKFilerPublicationKey]; if ‘ISCG” _ g#acter:&specifier]) {
error = nil; } ; ier) {
case ‘a':
if (check && NO == [pub canSetURLForLinkedFile:file]) { }~%" '‘p's
[info setValue:NSLocalizedString(@"Incomplete information to generate file // suthor names, optional (separator], [etall, #names and #chars
name.",@"") forKey:BDSKFilerStatusKey]; NSUInteger ﬁuﬂ(haf% B
[info setValue: [NSNumber numberWithInteger:BDSKIncompleteFieldsErrorMask] NSUInteger 4, ﬂuﬂlulh_f e;
forKey:BDSKFilerFlagKey]; NSString sauthSep -
[info setValue:NSLocalizedString(@"Move anyway.",@"") forKey:BDSKFilerFixKey]; NSString =etal = @"";
[info setValue:newPath forKey:BDSKFilerNewPathKey]; BOOL isLast = NO;

if (ND == [scanner SsAtEndl) {

In practice: Feasible paths most interesting

[LaToza2010, Developers ask reachability questions]

CTHCI — Jan-Peter Kramer 24 media computing group




tilizing Call Graph Information

[LaToza2010, Searching Across Paths]

ExplicitFoldHandler

r==--°"°""°-° +getFoldLevel

1 <

] ' -~

\' JEditBuffer ' IndentFoldHandler
+getFoldLevel = - +getFoldLevel
° e : ChunkCache - - JEditBuffer

t ....... ~-‘ _______ : ) ; +getLinelnfo = = = '\—updateChunksUpTo- - —lineToChunkList - - +markTokens -

- ~J‘Ed|tBuf‘fer BufferHandler = JEdItTeXtAl‘ea_ — = Swhnlmes'j'..“
\#ﬁreFoldLeveIChanged-@ - +foldLevelChanged - = - +invalidateLineR_9nge

‘\- - . _ JEditTextArea
+invalidateScreenLineRange

Legend
‘ ]
+m m ) : i recursive method call
#mmﬁzmi public / protected / private method method call that is always executed ecursive method
-methodName
smisthodNarie method visited by developer methoc call Inat might exectite = = = * paths of calls with hidden methods
~ . AR
+methodName method with callers that are not shown AN mutually exclusive method calls data flow
TypeName . .
& type with type name e method call in a loop expression that matches search
H
25 media computing group z!!"
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Static Analysis in the Wild

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

< » [ Example.m:24:1 # [l foo() % (™= |C,|#y]| !li

2. Object allocated on line 13 is no longer referenced after this pointand hasa... ¢+ (<« » ) ( Done )
10 |}
11
12 void foolint x, int y) {

13 id obj [[NSString alloc] init];
14 Method returns an Objective-C object with a +1 retain count (owning reference)

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

S 24



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

Call Hierarchy

M Converter.xcodeproj
<« » JAMainController.m:39:1 ¢ [ -performCc ~, “, C, #, ®

55

EIRNTORNEBEIIIAATININITEIRSTIN2B88CY

if (self.theConverter == nil) {
) self.theConverter = [[Converter alloc] init);
; [self performConvert];
=(void)performConvert;
:f (([self.input floatValue] != @) || ([[self.input s
[self convert];
}
-(void)menuCallback: (id)sender;
[self convert);
//convert from Celsius
//to Fahrenheit

I(vom)convertcllcked: (id)sender;

//do something

z(votd)convcrt;

//get celsius value
float ¢ = [self.input floatvValue);

//convert to fahrenheit k
float f = [self.theConverter c2f:c);

//update view
[self update:f);

}
I(vold)updatc: (float)f;
//do something

@end




Stacksplorer

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

e 0o MainController.m - Converter
O V-
dd Method Hide <
- - ManController.m:39.8 ¢ -performConvert ¢ C. . @ 3
{ n
- »
{ alloc] § |
}
! - ) vert);
} (MalnComroller
MainController =(v iperforaConvert; # Input
¢ {
& it f (([self. floatValue] != @) || ([[self. stringValue] MainController
‘ {
MainController . [ onvertl; §_Input
convertClicked: ) : ) ! MainController
@ converiy
-( JmenuCallback: (id)sender; -
{
}
- C L (
]
el;
1€}
1733
’
-(v Jupdate:( ) f;
{ G
a
'
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Blaze
[Kramer2012, Blaze: Supporting Two-phased Call Graph Navigation in Source Code]

® OO MainController.m - Converter
Tag Method Hid X ¢ N
4 » BMainController.m:39:10 | -qQw ¢ v vCov #o B @
(YT T PCT TUTWCUTTYCT T =
}
: ptu sel

~(void)convertClicked: (id)sender;

{
//d0 something
if (self.theConverter == nil) {
= [[Converter alloc) init);
}
: [self perfornConvert]; MainController
Il convertClicked:
-(void)aow;
{
if (([self.input floatvalue] !=0) || (([self.i t stringValue) isEque )
{ ) MainController —
[self convert): % . performConvert ——

}
)

~(void)menuCallback:(id)sender;

MainController

{ ISalf coutertls Il convert
}
f/convert from Celsius | -
//t0 Fahrenheit ‘ Converter
-(void)convert; 0 c2f:
( )
//get celsius value
float ¢ = [self.input floatValue);
.9 //convert to fahrenheit
! float f = [self.theConverter c2f:c);
L 4
64 //update view
63 [self update:f];
}
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Analyzing Navigation Behavior

CTHCI — Jan-Peter Kramer
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Information Foraging Theory

CTHCI — Jan-Peter Kramer

1

R &

i

1 i \

L Pt

Scent

AUDIO Nein zu Waffen und Ausbildern fu'r_
<lewer Ubergangsregierung fen ab

Keine US-Waffen fiir die Ukraine

Offiziell unterstutzen die USA die
Ubergangsregierung der Ukraine. Doch in
einem Punkt halt sich US-Prasident Obama
eisern zurick: Er schlieBt nicht nur ein
militarisches Eingreifen aus, sondern auch
Waffenlieferungen an Kiew. Von Silke
Hasselmann. | mehr

Keine US-Waffen fir die Ukraine, S.
Hasselmann, ARD Washington | audio
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Information Foraging Theory

[Lawrance2010, Reactive information foraging for evolving goals]

CTHCI — Jan-Peter Kramer
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Call

Stacksplorer

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

33 Developers

\W\ 80.000 Lines of Code

[Kramer2013, How Tools in IDEs Shape Developers' Navigation Behavior]
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Task Success

p=0.01I5

6
g 4.5
=
=
)
3
S 3
0
O
7
w5 1.5
:tt -
0
Xcode Call Hierarchy Stacksplorer Blaze
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Task Completion Time

p=0.022

1900
i
5 1425
S
=
9
s 950
-
=
o
)
£
Y 475
S
&
0
Xcode Call Hierarchy Stacksplorer Blaze

1000
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Call

Effectiveness [V4el Stacksplorer

Hierarchy
Stacksplorer

Call

cfficiency Hierarchy

Why!?

[ Ul Differences J
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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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| — T

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

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

2. Transformations
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[Piorkowski201 I,
Modeling programmer
navigation: A head-to-
head empirical evaluation
of predictive models]

Prediction Accuracy
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A Predictor

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

H=(m Navigation History = H = (a, b, a, d)

All methods known
M to developer at time M
i

Activation value for
each method in

Rank-transformed
version of

~A A P

Result: N top-ranked methods

CTHCI — Jan-Peter Kramer 41 media computing group !’



Prediction Accuracy

50%

Xcode Stacksplorer

40% —

| f 20%

—— 10%

N=I 23456789 I10I1121314151617181920 N=I 23 4567 8 91011121314151617181920

© Recency # Frequency “+ Working Set @ Bug Report Similarity « Within File Distanc
 Fwd Call Depth Undirected Call Depth
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Prediction Accuracy

50%

Xcode Stacksplorer

40% —

30%

20%

10%

N=I 23456789 I10I1121314151617181920 N=I 23 4567 8 91011121314151617181920

¢ Fwd Call Depth Undirected Call Depth

ol
Q100
1000
'’
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50%

Forward Call Depth

40%
30%
20%
e . o 7Y e £y e A
| 0%
® ® ® * ® ® o~ ¢ *
N = | | | |2 | 3 | 4 |5 | 6 |/ | 8 |19 20
50%
40% = —
30% 2
20% | m—
0% N
- & — - e
— - : ' : : : : : : :
N = | 2 3 4 5 6 / 8 |0 | | |2 | 3 | 4 |5 | 6 |/ | 8 20
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50%

40%

30%

20%

1 0%

50%

40%

30%

20%

| 0%

Forward Call Depth

13 |4 15 |6

© Xcode #® CallHierarchy - Stacksplorer @ Blaze

Undirected Call Depth
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Away from static analysis only

Design

A Implement
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® Flex Builder File Edit Source Navigate Search Project Data Run Window Help

M 00O '  Flex Development - bpVideo/sr¢/bpVideo.mxml - Adobe Flex Builder 3 -’
T W B O-%-2-8|Q-
() Source | (5] Design |

<?xml version«"1.0" encoding«"utf-8"7>
<mx:Application xmlns:mx="http://wwa.adobe. com/2006/mxx1" layout="absolute” creationComplete="loadData()">

<mx:Script>
<! [COATA[

public function loadData():void {
URLLoader
}
11>
</mx:S5cript>
</mx:Application>

- Problcmsl & Console 22

<terminated> bpVideo [Flex Apphcatoonl file:/Users /mirad /work/projects/Blueprint/code/bin-debug/bpVideo.html
[Sur] Users:mirad:work:projects:Blueprint:code:bin-debug:bpVideo,swf - 633,020 bytes after decompression
undefined

[Brandt2010, Example-centric programming: integrating web search into the development environment]




[Oney2012, Codelets: Linking Interactive Documentation and Example Code in the Editor]
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[Victor2012, Inventing on Principle]






Live Coding Affects Coding
Behavior

[Kramer2014, to appear, How Live Coding Affects Developers’ Coding Behavior]

TR

Average Bug Fixing Time
1200

900

600

300

0

Control  Live
Coding

000
|=0|' S ¢
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Finding focus points

Understanding a subgraph

Process: [3840] WindowsApplication] vsho ~| Thread: [536] Worker Thread - ¥
Disassembly = F B AsyncSerialTim: | =1 Debugger Canvas 1

WindowsApplicationl » Forml » Start_Click x 40 WindowsApplicationl
Private Start Click() Handles start.Click | Sub StartThre
9 s d This me

End Sub
tiser

Note x

Each thresd gets 2 different frame color.

The last active frame for each thread is
highlighted with a deeper shade of the same
color. In this case, Start_Click and
RegisterPasses are the two last active frames

1allis

Summary

Expanding focus points

Questions over groups
of subgraphs

tionl exe!WindowsApplic ~

» Forml » StartThread x /9
ad()

Object As New -

tene ne(timerobject)

Note x
Viewing what the state is of a thread is as
easy as clicking in the last active frame or any
other frame in the thread. The debugger will
activate the thread and the frame, just as if
you used the dropdowns on the Debug
Location toolbar.

o localseria

CTHCI — Jan-Peter Kramer

(«lie
. ITimer » Regi x 40
System. Componenttodel. ) O Public Sub Registerpa
val worke: s) omponenthiode. u
et the ds obiect and ca val e As System.ComponentModel.DokorkEventArgs
Dim WC - (T m
Dim localSerialsource As = CType(e.Argument,
WC.RegisterPasses(worker, €) ).Serdalsource
localserialSource.BaudRate = 9609

1Source .Portliame = "COMA

o2

{- Java - AssociationRepository.java - Edipse Platform

Resource

CydeAssodationEngine. java
AssocationSorter.java 3 N
AssodationContentProvider.java 2
5 package ca.gc

7F import java.uti

NavTracks
Related Files view

V] >ca.ge.nrc.iit.naviracks.assoda
i_J'I AssodationBean.java 1.3

i)

AssodationRepository.java

235 currentFigure = new Triangle(this);
break;

case 2:
currentFigure = new LThunder(this);
break;

case 3:
currentFigure = new RThunder(this);
break;

case 4:
currentFigure = new RightT(this);
break;

case
currentFinure

ew | ofr T/ this):

CanDrew
CanMove [MoveDirecti

Clearline rt)
GetLine (it}
GetNextFigure
InitFigurs
IntNewGame ()
IntNextFigure (
IntRectangles
ProcessDialogKey
ScrolLine frt)
TimarTick (object Ever
Updateinterval
Updatelevel §
neitfig

squares

More members

[Most related to GATetrisControl TetrisGrid. InitFigure

i InitNextFigure () pubTic Tetriserid()
> i

ResizeRedr true
il BackCalar
% Figure CanDraw () systemColors. windav;
@ InitNewGame ()
% Figure DrawFigure () =l

9= BEE[E o

Fi.i| 98 solution Exp... |
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