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Time in Software Development

[LaToza2006, Maintaining mental models: a study of developer work habits]
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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
g Relate Collect
no cues need more
at node U U information
navigate navigate

dependency to PI’GViOUS')’
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)

295 |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 |j| Java - jHotDraw/src/org/jhotdraw/contrib/DesktopEvent java - Eclipse SDK - /Users/jpkraemer/Downloads/jhotdraw60b1
[ e b - 0 Q - :i; 6 - ; . » - — » :} g’m
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= - @ * B(#)DesktopEvent. jovel — i"zk \S o \L s

-

¥ i MotDraw packoge org.jhotdraw.contrib; 8 orgjhotdraw.contrib
v @ sec > ‘0 impont declarations
» {5 org jhordraw # import org.jhotdrow. framework.DrawingVies; | v {9 DeskropEvent
» [} org.jhordraw.applet o  myDrawingView - Dra
» i org jhotdraw.application /e ) o myPreviousDrawingView - Draw
» & org Jhotdraw.contrib : C I: f‘ ‘b"'"" :C"C’T?G”"':r"' sourseforge.net> @ © Desktoptvent(Desktop, Drawing
» [# org.Jhotdraw.contrib.dnd L <SCURRENT_VERSIONS> © © DesktopEvent(Desktop, Drawing
> B orgjhotdraw.contrib.htm| public cless Desktopfvent extends EventObject { setDrawingView(DrawingView)
> (1 org jhordraw.contrib.zoom private DrawingView myOrawingVies; 9etDrawingView() - DrawingView
» (8 org jhordraw, figures setPreviousDrawing View({Drawin
» 1§ org jhordraw, framework /e getPreviousDrawingView( - Dran
» (B org jhordraw.images * Some events reguire the previous DrawingView (e.g. when a new DrawingView
» {5 org jhotdraw.samples * s selected)
¥ 4 org jhotdraw.samples. javadraw v
» 1] AnimationDecorator. java

public DesktopEvent(Desktop newSource, DrawingView newDrawingView) {

> 1] BouncingDrawing java this(nenSource, newDromingView, mull);
» |J] FollowURLT ool java }

> 4] JavaDrawApp java
» [1) JavaDrawApplet java public DesktopEvent(Desktop newSource, DrawingView newDrowingView, DrawingViem nenPrevicusdV) {
super{newSource);

setDroawingVien(nealraningVien);

setPreviousDrawingVien(newPreviousDV);

private DrawingView myPreviousDrawingView;

> 1) JavaDramNiewer java
» [J) MySelectionTool java
» 1] PatternPainter Java }
» |J] URLT ool java
W JavaDrawAppletitelp htm! private void setDrawingView(DrawingViems neaDrawingView) {
» {5 org jhotdraw samples javadraw.san myDrawingVien « newDromingView;
» 1§ org jhordraw, samples, minimap }

» 1§ org jhordraw,. samples.met

» 1§} org jhordraw.samples.nothing
» [§ org. jhordraw.samples.pernt }
» {5 org jhotdraw.samples.pert.images

public DrawingView getDrawingView() {
return myDrowingView;

» |8 org jhotdraw.standard private void setPreviocusDrawingVien(DrawingVien neaPreviousDrawingVien) {
» &3 org Jhotdraw test myProviousDraningVien « nowPreviousDraningView;

» &8 org jhotdraw.test.contrib }

» &8 org jhordraw test. figures

» &8 org jhordraw, test, framework

» & org jhordraw.test.samples javadrav
» 48 org jhordraw.test.samples. minimag
» 4 org. jhotdraw. test.samples.net

» & org. jhotdraw.test.samples.nothing
» & org jhotdraw.test.samples.pert

» &8 org. jhotdraw test.standard

» &8 org jhotdraw test, util
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P @ sctPreviousDrawingView(DrawingView) - vo org.hotdraw.contrib.DesktopEvent

public DrawingView getPrevicusDrawingVien() {
return myPreviousDrowingView;
}

» [ org jhotdraw.util.collections jdk 12
» B JRE System Ubrary JavaSE-1.6

org. jhordraw. samples. javadraw Animator java - jHotDraw/src
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Tools Used in Eclipse

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




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 - AssociationRepository.java - Edipse Platform
File Edit Source Refactor Mavigate Search Project MavTracks Run  Window

® Calculate a Degree of Interest for | -

V- C SR v A

o & -0 -G -

source code elements based on:

I i ; \ hd . = [ZEH GATstrisCort
o r’ead"‘] g h|sto r’y AssodationContentProvider.java s bacxage ca.qgc.nz | .' ;%;T:glsremml
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E Pack Expl &g ] - [#=% CanMove {MoveDirecti
s _ o . e Fadkage cxplorer ! ol 3 t java.util i1 [ ¥]=% DrawFigure
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= | il ke i B-[J= More members
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I - avlracks . | EE°g Setngs
® history of other team members g oac acks. - TR e
9 scagencitoy, nelated Files view | Ll # downkey
- e L E® ke
#H- [ ca.gcnrciit.navira . L L richtKey
1 T 1 0. » : 25%publi 1 A== A # rtatekey
¢ information from version control # >a.gcncitnavirads.assogal [ 2S7public class Ass | | pEEuE
#- |} AssodationBean.java 1.3 ) | 5-EI%E TesGrd
-1 AssodationRepository.j * Log4d Loc | T LB Geartine i)
Systems + 1| AssodationRepository.java _ Ly

%) Related Files 53 - w T O

| Resource

CydeAssodationEngine.java
AsspdationSorter.java

——

Class View Favorites

o % Getline jnt)

235 currentFigure = new Triangle|this); 2% GetNextFigure
2:—3"3 brezak; P : Ir.rtrjigure i
37 case 2: b M InthewGame
238 currentFigure = new LThunder{this); i [F=% Inithext Figurs {f
. R o o P b I 3 239 break; ; : InitRectangles )
e m a n n ro e m S 240 case 3: i [=® ProcessDialogKey (Key
I I g o 241 currentFigure = new RThunder({this); B Scm"m? i) ’
- s PRy
. . . ) 243 case 4. i o [F1:% UpdateLevel ) ¥
14 tFi = ightT{this); Ponod el e
e Still only text-based visualization . e -
%4§ e o . . 'ﬁD_; ;-a'lgre members
247 currentFioure = new | eft T this): | B[] More diasses
[ . I x|
-]l More projects
. Reco m m e n d a'tl O n S fo r I rre I evant CO d e Most related to GATetrisControl. TetrisGrid. InitFigure BTN Yo e
o o i< InitNextFigure () = Eubﬁc Tetriscrid()
are still irrelevant aEmr— Sl ocjzeerar - crue
=% Figure.CanDraw () SystemColors. .-;1_'nd0'r;;
& [InitNewGame ()
% Figure. DrawFigure () =
JmR R BREE ouput
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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]




Changing the Presentation

[DeLine2006, Coffaiblinmabexils2 | Uxitrg/ Spavial sMielinmatexo ddavigdte Source Code]

8 00

FOLDERS

= DocumentManager.js — src UNREGISTERED ™

DocumentManager.js

¥ src

File Edit View Project Build Debug Data Tools Test Window Community Help
- Thumbnail Qverview f'*"rFigurE.GH ~ 3 ||Code Thumbnail - 1 X

ammunity  Help
fl Code Thumbnal + 3 X |

; ; [ o~ | o~

#% GATetrisControl.Figure v | E,‘#CanMwe._"M_weDirecﬁDn dir) = | | s

. 79! 2 | lenum RotateDirection]
s} //first clear previous location of the fig enum Rotatelngle |

enum Movelirection
Figurel TetnsGn
GetRects|ndexes|
CrawPreviewGraphic
MovelMovelirection)

: E;nD raw()

; | DrawFigurel !|

| | DrawPresviewSguare(F
| [ ClearFigure(]|

ClearFigure () s
switch{dir

— nn i frl

L ) =

Fu

case MoveDirection.Left: —

XxPosition —-= 1;

Chrealk:

| (RO v 1IN S (Rt |

case MoveDirection.Righ

E xPosition += 1; -

ol brealk: [ r[.:-han-geﬂﬂtatﬂ.ﬁ.nglﬂl:l
Z case MoveDirection.Down: :fa:f“:'

_ vEBosition +— 1; T

2 break: i | GetDifferentindexes(4
3 case MoveDirection.Rotate:

i | Eanl"ﬂmre[l"ﬂwe irect

T — — —

(B

ChangeRotatelAngle () ;
break:

t

ffdraw the figure at the new location

LI e IO W N e IO Y [N Y o N o S Y v Y e IR 5 = NN 6 TN 5 N 1 e [N % N o o TN v [ i Y [N i |

- O N

r perfTimerName = PerfUtils.markStart(“refreshText - {Ithis.file || this.file.fullPath));

@it branch: master, index: 37, working: 1+ 37, 7 characters selected
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[Bragdon2010, Code bubbles: a working set-based interface for code understanding and maintenance]
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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 ~ =

135 7 911131517192123252729313335
Weeks usage

localSerialSource.PortName = "COM4"

While 1 > A
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Reachability Questions

[LaToza2010, Developers ask reachability questions]

Where I1s method m generating Find output of error text
an error? downstream from m
VWhat resources are being Find calls to methods acquiring
acquired to cause this deadlock? the resources

What s this test doing which iIs
different from what my app Is
doing?

Find differences between two call
stacks

s there another reason why this  FInd upstream statements that
status Is non-zero! change the status

CTHCI — Jan-Peter Kramer 24 media computing group i




- (void)movePapers: (NSArray *)paperInfos forField:(NSString *)field fromDocument:
(BibDocument *)doc options:(NSInteger)mask{
NSFileManager *fm = [NSFileManager defaultManager];
NSInteger numberOfPapers = [paperInfos count];
BibItem *pub = nil; 3
BDSKLinkedFile *file = nil;
NSString *oldPath ni_ =
NSString *newPath 4
NSMutableArray *fi
NSMutableArray x*ef
NSMutableDictio
NSError xerror

WutableArray arrayWithCapacity: numberOfPaper 4
WutableArray arrayWithCapacity:5];

BOOL initial =
BOOL force (ma¥y
BOOL check (ini

if (numberOfPapers ==
return;

if (initial && [field isEqualToString:BDSKLoC®EileString] == NO)
[NSException raise: BDSKUn1mp1ementedExcept1\i format: @“%@ isd
local files for initial moves.",NSStringFromSelector?{ ~,d)],

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

for (id paperInfo in paperInfos) {

file = [paperInfo .valueForKey:BDSKFilegZileKey];
pub = [paperInfo wvalueForKel: BDSKFll i
oldPath = [[file URL]_ -ath], .
if (initial) // = i
newPath =/
else // an
newPathy

f

if (numberf
[progr{

[progre§ eeded] ;

if ([NSString Sy |
[oldPath isEqualToString: i {
[pub removeFlleToBeFlled filel;

continue;

#1ldPath] || [NSString isEmptyString:newPath]

}

info = [NSMutableDictionary dictionaryWithCapacity:6];
[info setValue:file forKey:BDSKFilerFileKey];

[info setValue:oldPath forKey:BDSKFilerOldPathKey];
[info setValue:pub forKey:BDSKFilerPublicationKey];
error = nil;

if (check && NO == [pub canSetURLForLinkedFile:file]) {

[info setValue:NSLocalizedString(@"Incomplete information to generate file
name.",@"") forKey:BDSKFilerStatusKey];

[info setValue: [NSNumber numberWithInteger:BDSKIncompleteFieldsErrorMask]
forKey:BDSKFilerFlagKey];

[info setValue:NSLocalizedString(@"Move anyway.",@"") forKey:BDSKFilerFixKey];

[info setValue:newPath forKey:BDSKFilerNewPathKey];

= (NSURL =)suggestedURLForLinkedFile: (BOSKXLinkedFile #)file
' NSString wpapersFolderPath = [BDSKFormatParser 1oldrrpd!hFo'F‘l1n;9aprrsFrunDo(uﬂrn(A!F
— A i
SSLTLIY $Telat 1V eoE (BDSKFormatParser parscForralFovankedfxlc.'x\e ofltem:self]);
if ([INSUserDefaults standardUsecDefauits)-bobtfoskeyr 805K
relativeFile = [relativeFile \ouercoscs{rxngl;
return [NSURL fileURLWithPath: [papersFolderPath stringByAppendingPathComponent:relative

Sl

+ (NSString #=)parseFormatForLinkedFile: (BDSKLinkedFile »)file oflItes:(id <BOSKParseablelten

NSString -loca\lecForrat = [[NSUserDefaults stonda'du,eroeiou\tsl objectForKey: BDSXLoc

: S ———— :
.14 pa"cfo mot: localeleForﬂat 1orL1rked’xlc file ofltem:publ;

'i + (NSString #)parseFormat: (NSString #)format forlLinkedFile: (BOSKLinkedFile #)file ofItem: (4

wcusentAtPath: [[[pub o

“URL] path);
"XsfolderPath string8yAppend

N g
X i "

+ (NSString #)pari e “linkedFile:(BDS

o )format forField:(NSString

NSMutableString sparsedStr = [NWatableString stringl;

[parsedStr appendString:@ " TRIAL") QY

NSString eprefixStr = nil;

NSScanner =scanner = [NSScanner scanne

NSUInteger unigqueNumber;

unichar specifier, nextChar, unAQueSpecx'xe o 25 A

NSString suniqueSeparator = nil; RN _

NSCharacterSet »slashCharSet = [NSCharacterSet 3’:-'(!,f’f "“”sxa((estnS!rlng:g'j“]
VR N\\ToString:B0SXLocal

R hs(r,ng:foruotl;

BOOL islocalfile = [ficldName islocalfilefie 90NN/

4 \

[scanner set(haracter'ToBeSxxpped nil);

“9:3“\“ intoString:&s

bout a valid format,\ string

istringl; W .
} N
//d allows but ignores % at end
is intoString:NULL);
/7 Tou ge should be a specifier char
if ([scolSg g#acter:&specifier]) {
switch D ier) {

case 'a':

case 'p':

{

J/ author names, optional (separator], [etall, #names and #chars
NSUInteger numChars = @;

NSUInteger i, numAuth = @;

NSString sauthSep = @"";

NSString =etal = @*";

BOOL 1sLast = NO;

if (NO == [scanner $isAtEnd]) {

In practice: Feasible paths most interesting

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

[LaToza2010, Searching Across Paths]

ExplicitFoldHandler
r=-=-""""°--  +getFoldLevel

i IndentFoldHandler

1
~ Y JEditBuffer
+getFoldLevel
1

+getFoldLevel = -

) T~ ' ~ :
--------- Yoso o o ool +getLinelnfo = = = -
_3 ~JEditBuffer BufferHandler JEditTextArea _ _ . - - ~ -

\#ﬁreFoldLeveIChanged-@- - +foldLevelChanged - - - +invalidateLineRgnge
EETIEES - - - | _ JEditTextArea
+invalid:31teScreenLineRange
Legend

+methodName
#methodName
-methodName

public / protected / private method

method visited by developer

+methodName

method with callers that are not shown

~
+methodName

TypeName

type with type name

CTHCI — Jan-Peter Kramer

method call that is always executed

method call that might execute

mutually exclusive method calls

method call in a loop

26

ChunkCache JEditBuffer
\—updateChunksUpTo- - —lineToChunkList = = +markTokens
. ' —tn'.ﬁn
‘ ]

' : 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/]

M Example.m:24:1 + [l foo() % J, "™ (C.l?2.,| B (@
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 releasel;

17 break;

18 case 1:

19 // [obj autoreleasel];
O 20 break;

21 :

22

23

g 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 no MainController.m - Converter
O V-
dd Method Hide <
- - ManController.m:39.8 ¢ -performConvert ¢ C. . @ 3
{ n
sons .
{ 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
CTHCI — Jan-Peter Kramer 29 media computing group
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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];
}

CTHCI — Jan-Peter Kramer 30 media computing group



Analyzing Navigation Behavior

CTHCI — Jan-Peter Kramer

Design

A Implement
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Information Foraging Theory

CTHCI — Jan-Peter Kramer

& e A" '\

St

Scent

AUDIO Nein zu Waffen und Ausbildern fur _
<lewer Ubergangsregierung fen ab

Keine US-Waffen fiir die Ukraine

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

Keine US-Waffen fur die Ukraine, S.
Hasselmann, ARD Washington | audio

32
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Information Foraging Theory

[Lawrance2010, Reactive information foraging for evolving goals]

CTHCI — Jan-Peter Kramer
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(- | [ )
L ecIE:II"ICh
y U J | J
Find Change
Location Task Success
SHEREffedts Task Completion Time
of Change

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

p=0.0I5

6
g 4.5
=
=
)
3
S 3
0
O
7
s 1.5
:tt -
0
Xcode Call Hierarchy Stacksplorer Blaze

-
o
-0
8--

CTHCI — Jan-Peter Kréamer 39 media computing group i



Task Completion Time

p=0.022

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

Effectiveness [V4el: Stacksplorer

Hierarchy
Stacksplorer

Efficiency Sl

Hierarchy

Why!

[ Ul Differences J

Navigation Behavior |;:

1
lllll
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[Fouse201 |, ChronoViz: A system for supporting navigation of time-coded data]
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Comparing Navigation Behavior

o

e fn_Ousgn M Wedew $ 5 - - ’
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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]

. C ll——gl‘:mllm'l.—.._l“-l.
3755 W20 s W10 W 600 2% a1 4 laes oo o om as wo us Hsm

4525 4550 4615 4840 4TOS 4730 4788

Prediction Accuracy

CTHCI — Jan-Peter Kramer




A Predictor

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

H=(my, ..., m;) Navigation History @ H = (a, b, a, d)

All methods known

M; to developer at time  Mas=1{a, b, d}
1
. Activation value for Ag(a) =3
Ai: Mj - {mj}—R each method in M; A4(b) =2
. Rank-transformed Ru(a) = 1
Ri: Mj - {mj}—N version of Aj Ru(b) =2

Result: N top-ranked methods

CTHCI — Jan-Peter Krémer 42 media computing group 2!



Prediction Accuracy

50%

Xcode Stacksplorer

40% —

| f 20%

—— 10%

N=I 23456789 I10I1121314151617181920 N=I 2 3 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 2 3 4567 8 91011121314151617181920

¢ Fwd Call Depth Undirected Call Depth

CTHCI — Jan-Peter Kréamer 44 media computing group 28!



50%

Forward Call Depth

40%
30%
20%
A A 7S A A A A 4
10%
* * * * * * — ¢ g
N=| | | 12 |3 |4 |5 |6 |7 |8 19 20
50%
40% - _
30% 2
20% e —
10% S
- & — - e
Ve . : : : : : : : : : : : : g;?;"
N = | 2 3 4 5 6 7 8 10 | | 12 |3 |4 |5 |6 |7 |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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[Oney2012, Codelets: Linking Interactive Documentation and Example Code in the Editor]



drawiree

resetandos

FingErancnes

DLOSSOMFO LS

[Victor2012, Inventing on Principle]



var arr = [6, 2, 8, 4, 3];
var 1;
for (1 = 1; 1 < arr.length;
var j 1)
while ((3 > 0) && (arr|[j
var tmp are =1
arr(j-1] = arr([3];
arr[j] = tmp;
) = J-1;

f

console. log(arr);

Line 17, Column 18

X

1++)

1]

f
1

> arr[3]))

i

sers/jpkraemer/Documents/Projects/RealTimelDE/Source/Sample/1/sample2.js — Brackets

) ) )
< 1/4 > l truthy(true)
< 1/1 > truthy(true)
JavaScript Spaces: 4

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



Live Coding Affects Coding
Behavior

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

Average Bug FixingTime B 1 TOCRCI T, R ERERTERRIERRVRRRARY ST TR
1200
200 Tl

600

300

0

Control  Live
Coding

01048
100
000'0'
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e Pencil

Eraser - Paint

Task |

# successful time (min)
30

20

10

Clear the canvas whyline
& 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]



The Lorax on Blu-Kny

: 3 .
" | ) ! " | s b0 L

l ST

: ol \\ alCt

[Lieber2014, Addressing misconceptions about code with always-on programming visualizations]



Summary

- Java - AssodiationRepository.java - Edipse Platform
File Edit Source Refactor Mavigate Search Project NavTracks Run Wi

[l

| Related Files &2

Resource

CydeAssodationEngine.java <
AssodationSorter.java 3 -

AssodationContentProvider.java 2

s [

NavTracks
Related Files view

IntDefautt
@ donnkKey

Finding focus points Expanding focus points

i} >ca.gonrcit.naviracks.assoda
|4} AssocationBean.java 1.3
AssodationRepository.java
currentFigure =
break;
case 2:
currentFigure = new LThunder(this);
break:
case 3:
currentFigure = new RThunder(this);
break;
case 4:
currentFigure = new RightT(this);
break:
case
curcentFinure = new | & T{ Fhis): L

% Most related to GATetrisControl TetrisGrid InitFigure B
Questions over groups B e Y
true

. Backcolor

OT subgrapns + Figure-CarDran ( systencolors. window;
@ InitNewGame ()

4 Fiqure DrawFigure ()

e e T

GetLine 1)
GetNextFigure ()

new Trizngle{this);

Updatelrterval f
UpdateLevel §
nextFig

squares

&3 More members
#0153 More classes

159 Wore projects

Understanding a subgraph

Fivs| ©® Solution Exp.

indowsApplicationl.vsho | Thread: | (536] Worker Thread -| ¥ ¥ Stack Frame: | WindowsApplication.exe!Wind

orml.vb ) e =] Debugger Canvas 1
WindowsApplicationl » Forml » Start_Click x ) WindowsApplication] » Forml » StartThread x 99
Private Sub Start Click() Handles Start.Click |[#=  Sub StartThread()
g = - =1 T ethod rus e mai ea
End Sub
As New = ==
Note x

Each thread gets a 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.

nc(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
e the thread and the frame, just a5 if
you used the dropdowns on the Debug
Location toolbar.

) As
Seriallis
Dim work

Dim localserlalsource As = CType(e.Argument,
).SerialSource

localserialSource.BaudRate = 9600

localserialSource.Portliame = "COM

hile 1 5 a
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