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Time in Software Development

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

y *)paperInfos forField:s
NSInteger)mask

* What is relevant information?
* What strategies are applied to find information?
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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

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

31 Professional Java Developers
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Models for Developer Strategies

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

9 experienced

developers (pair |6 developers from

> industry
programming)
@, = @, -
& | of 5 maintenance -1 Real world change
v M v
“} tasks per session ] task
N
= ArgoUML e
Real world sour code
Java 60k SLOC Java
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Models for Developer Strategies

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

O

Finding focus points Expanding focus points

Understanding a subgraph Questions over groups
of subgraphs
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Tools Used in Eclipse

[Murphy2006, How Are Java Software Developers Using the Eclipse IDE?]
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= package Explorer
= Search

[ Type Hierarchy
mmmms Qutline

mmmmm Call Hierarchy
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» B org jhordaw
» [ g jhordraw.applet

> B rp o sppcaion
> Gy e
» 8 org dhordeaw.contrib.dnd
» [8 org jhordraw.contrib htm!.
» 8 org hotdrawcontrib.zoom
» {8 org jhordraw.figures.
» 18 org horsraw.framework
(& otetamtapri
» {5 org jhotdraw.samples.
v i orp hotdraw.samples, Javadraw
> D eimaooberonsir
| —rrrre—
> [} buncogdramingiars
+ [ etowmiTootses
» &) JvarawAp java
» []l evaDramApglecjona
» [1] JavaDrawviewer java
> (1] MyseiectionTooi java:
» 11 Parterpainter java
Yo
@ JavarawAppletrelp, i
e o

1) Desktoptventiava 53 1) Desktoptventserice ava

package org. shotdran.contrib;

@ inport org. jhotdron. francwork. OraningViemi(]

LnoyebAusera.squcssforas.nes>
10N

§ | mattc chiss isitinkusot wibens Crenovject ¢
private DraningView mydrawingVi

s
* Some events require the previous DrawingVies (e.g. when @ new DrowingView
* is selected)

private DrowingVien myPreviousOrawingVien;

public DesktopEvent(Desktop newSource, DramingView neaDramingView) {
this(nenSource, newDroming¥ien, mull);

P SO 4 S A o, DA B KRB
super(newSource’
ulDrm\ngﬂh(nnﬂrnu\'Vu-)
setPreviousDrowingVien(nenPreviousdV);

private void setDraningVien(DrawingVicn nendrawingVien) {

» 5 org Jhordraw.samples miniensp

> [B 0rg jhordraw samples.ret

» 5 ocg jhondraw sampies rothing

» [ org jhondraw.sampies pert

» 2 org Jhotdraw sampies, pertmages
» 3 org jhordraw.standard

> g org horgrawtest

> g o hondrawtest contrib

> G org honsraw test fgures

» g org horsrawtest framework

5 org hotdrawtest.sampies et

5 org hondraw test sampies rothing
5 org hongraw test sampies.pert

1 org jhotdraw.test standard

i 0rg hordraw. test util

B 0rg jhotdraw. util

vyvyvvvey

1

PLLC roviatiion attrimisghlonO) {
return myDrowingView:

private void 1

3

public DrowingVien getPreviousDraningVien() {
return myPreviousDrowingView;
}
1

£ problems | & Javadoc (& Declaration | 3+ Cail Wierarchy 2
m.‘mwwmm nView, DrawingView - in workspace

> ﬂi S ok 12
» BAIRE System Ubrary.

» o EvensObjectiObject) -
» @ setDrawingViewDrawing\
¥ @ setPreviousDrawingView!Drawing View)

‘org Jhotdraw samples javadraw Animator jwva - JHotDraw/sc

o @ma
= O[5 outine 2 =)
EARYN e T

@ orgbordraw contrb

> 2 import decaravions

v Desktoptvent

= myDrawingView OrawingView
= myPrevouOrwingview Ora
 Deskaoplvent(Desktop, Orawing
© Desktoptvent(Desktop, Drawing.

setDrawingView(DrawingView)
GetDrawingViewd) DramingVice,
SetPreviousDrawingView!Dramin,
getPreviousDrawingView) 01
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= Java - Attach error log entries into new bug reports - Eclipse SDK
File Edit Navigate Search Project Run Window Help

i $P-0-Q- BHF G- = - E

[% Package Exp 2 i Hierarchy| — = W BugzillaAttributeMapper.java 4 1216640: Attach error log entries into newbug s &3 . ~ [ || ] Task List 32 ] Reco I I l I I Ie n d e r I 00 I S

2 b. Bug 216640 -@a- [Singer2005, NavTracks: supporting navigation in software maintenance]

‘ Eclipse % 9 J|E~|e

i+ > org.eclipse.mylyn.bugzilla.core

958 o e og st e nen by repers Finds P AL D Allowto es [DeLine2005, Easing program comprehension by sharing navigation data]
§ org.ecipse.mybnintemalbugi 4 ps iatus: NEW Bug: 216640 Opened: Jan25, 2008 Modified: Jan 29, 2008 232 AM G Mylyn - Mik_ (Bugailla] [Cubranic 2005, Hipikat: recommending pertinent software development artifacts]

i f:qz"‘aA“"b“’eM’Ppe'la‘ NPT - » 0 (&] 162335: [context] Allow "Make Landi

(A BugzillaAttributeMappe ributes 3 9(a] 267524; create Mylyn 3.2 release plar - Java - AsvociatonRepomtory.jeva - Bl Platiorm
[ gng]{a(hzmla\? S T G Mylyn - Rob_ [Bugzilla) Fle [dt Sowce Refoctor fawvigess Search Froject NTrads Run

§ BugziiaGlient S © (i 124224: Allow to edit prioritiesin

© postAttachment(St il » Description » O (G Project - Steffen [Trac]

73 BugzillaClientFactory.java 83: filter sort results

@ BugillaClientFactory | [ ¥ Comments (1) SHe

84: upgrade

# taskRepositoryLocat| l &= § 1: Mik Kersten, Jan 29, 2008 1:54 AM

& 5: address web site nits
- New Comment B (g Target - Rob [Atlassian]

: . PLE20:logged n s wong usr wh ® Calculate a Degree of Interest for
3 org.eclipse ema Looking into this now, see also related bug 124224.

& PLE-327: Documentation for Eclipse
Jj BugzillaUpdateAttachment,

e PLE-172 Crste Crucite review witk source code elements based on:

7 PLE-238: add an action to a cha.
o currentSelection

package ca.ge.n:

P import java.usi

@ init(ViewPart)

® reading history

NavTracks
Related Files view

0=
Cesssoiloses

L ® editing history

© L1} dasoiabermestery jova | | v Log J L)
Fticoms vopeopie ¢ history of other team members v o T — :
Leave as NEW signed to: Mylyn Inbox <mylyn-inbox@e by o
Accept (change status to ASSIGNED) Reporter:  Willian Mitsuda <wmitsuda@¢ 3 information from version control e . al
Resolveas  |FIXED - QA Contact systems ‘:_A R R E ¥
Duplicate of Add CC £0 Synchronize =7 S « e Tt :
®Reassignto | jacek.pospychala@plibm.com | |Change Sets for CVS (Workspace) s chaa x 5

Reassign to defau mik kersten@tasktop.com e

i mikkersten@tasktop.com

1

%) Submit J mylyn-inbox@eclipse.org P ﬁ;’}'
A5, Allow to edit priorities in the task list
PRV RO i), - org.eclipsemylyn.bugzilla.core
A5, streamline task attachments
« + [l Planning| ® Contet @ Bugzilla 2 , ™
[Kersten2006, Using Task Context to Improve Programmer Productivity] <! GTHC! — Jan Borchers 14 media computing group &

Changing the Presentation Changing the Presentation

[DeLine2006, Code Thumbnails: Using Spatial Memory to Navigate Source Code] [Sublime Text 2, http://www.sublimetext.com/2]

= DocumentManager js — src 2

Documenthanager js

- - Returns the documer nt Whenever this
i i y i S decinee changes, the ~ e
Fle Edt View Project Buld Debug Data Tools Test Window Community Help smmunity  Help oz alue changes, the ¢
Thumbnal Overview ' Figure.csa | ~ % ||CodeThumbnail  + & x Code Thumbrial  ~ 1 X > extensons - age 1 trn. oa emiog i the “
] e — ¥ - e ys \n (Like all the other Document text getter methods
| G GATetisControl Figure || 5% canMoveMaveDirection di) ~| ‘ = > help
5 = ToateD W » hemiContert 7
78 % F [en teDirection| o t ; -t
o Jm RotateAngh i 1 (this. mestergditor) {
C » UveDevelopment 17 Codenirror.getvaloe() o) returns text with LF Une endings; fix u
[ [enem MoveDirection » UnDeveopmentys 17 ening prefrred by te docmety 1t eceary
= \ar codemirrorText = stertdiior. codetirror. getvaloe();
. [Fiaure(TeirisGrid > et = &
- [GelRechindexes(] > peetersnces 7 (this.. Uneendings == FAleUt1ls. LINE_BOINS_CRLF) {
| [CraviPreview( Graphi > projet " codetrartex.rpiace(/ );
= > s Feturn codetirrorText;
[ [ConDrawdl] » iy
[ i 7 Optinized path that doesa’t
I > vew * (GseoriginalLinetndings) {
- > eturn this. texts
[ [ClearFigure(] wages 5

brackets.confi fson
ChangeRatzteinglel] brackets s

contiason
" [GelDifferentlndexes [
[

indexhemi

< | 3w v
Ready
ot t10n ( )
S¢ parfTineriams = PorfUtils. markStart(*refreshText:\t" + (1this.file || this. file. fullPath));
it beanch: master, index: 37, working: 1+ 37, 7 charactes sebected
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[Bragdon2010, Code bubbles

[Bragdon2010, Code bubbles: a working set-based interface for code understanding and maintenance] [Bragdon2010, Code bubbles: a working set-based interface for code understanding and maintenance]
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[Bragdon2010, Code bubbles: a working set-based interface for code understanding and maintenance]

Utilizing the Call Graph

‘esign

Analyze

Implement
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Canvas Interfaces in the Wild

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

Process] (3640] Windowspplcation vsho -] TIWead] (53] Worker Thread ISk Frame| WindowsapphcationlcWindowsAppl - 2
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0]
o Weeks usage
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fano Paint
& Pencil
Eraser
Line
Rea O Task |
Graan # successful time (min)
Blue ([} 10 30
8
6 20
Clear the canvas ; - 10 whyline
Undo my last snol\.e 0 - 0 = control

Task 2

# successful time (min)
10 30
8
6 20
4
2 10 whyline
0 0 M control

[Ko2009, Finding causes of program output with the Java Whyline]
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In practice: Feasible paths most interesting

[LaToza2010, Developers ask reachability questions]
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Static Analysis in the Wild

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

<|» |ME le.m:24:1 $ [ foo( %

. 2. Object allocated on line 13 is no longer referenced af!er thls point and hasa...

12| | void foolint x, int y) {
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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 1/ [obj autoreleasel;
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Utilizing Call Graph Information

[LaToza2010, Searching Across Paths]

ChunkCache. . JEditBufer

W/

JEditTextArea _

parte: g
Gultar geroven)
Legend
N .
=" " " i AR, recursive method call
public / protected / private method method call that is always executed
Pt
s method visited by developer 7 method call that might execute = = =« paths of calls with hidden methods
“memstina | method with callers that are not shown mutually exclusive method calls data flow
TypeName .
Dt type with type name - method call in a loop s expression that matches search
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CallH ierarchy
) Converter.xcodeproj
4 MainController.m:39: o -performCc “Cot. @
29| -(veid)convertClicked: (1¢)sender;
H /780 some
n if (self. ter == nil) {
n se onverter = [lConverter allac] tnitl;
3 }
3
% (51t perforaConvert];
v}
o -Goidiperforatonverts
Pt if ((self.input floatvaluel 1= 8) || ([[self.input st
4 [self convert];
P »
o B
7| | ~(void)nenuCallback: (1d)sender;
» (se1t convertl;
|}
I1convert from Celsius
53| | //to Fahrenheit
5| =(void)convert;
ss| |1
56 //get celsius value
| 3 float ¢ = [self.input floatvalvel;
s
s //convert to fanrenheit
“© float f = [self Converter c2f:cl;
@ 7109
o [sel ‘ uwﬂr L H
@l )
| | ~(void)update: (float) M
¢ /160 something
)
sene
H
“
M ¢
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Stacksplorer

[Karrer201 1, Stacksplorer: Call Graph Navigation Helps Increasing Code Maintenance Efficiency]

- MainController.m - Converter

o el o
rauﬂhnd Hide c

+ 4 ManControllerm 3983 [
. 32 B
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Analyzing Navigation Behavior
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Blaze
[Krimer2012, Blaze: Supporting Two-phased Call Graph Navigation in Source Code]

®eno MainController.m - Converter
Tag Method % © A
3910 @ -aqw -C. v, B &
5
)
reta 1 ~
B \
n \
» I(-Gﬂknnvtr(clliked:l:dlsel\ﬂ!r: \
¥ |
3 //60 sonething |
: n a1 |
n self. o1 = [[Converter alloc) init);
/ |
3
I perfornConvert]

MainController
< convertClicked:

t floatvaluel t= 8) || ([fself.input stringValuel isEqui

L, MainController —_—
Isnicomuicaly perforaconvert ——

—_—
~(void)menuCallback: (10) sender;

%l 7 | q(Maincontroller >
" [selt convertl; /\ convert
5 oS
2 ot from Celsiu
:r //to Fal St t i ’  Converter >
|| Zlmisiconers; | @ e
|| srget cetstus vatue |
57 foat c = | floatvalvel;
w Tloat 1 = [self. ter c2fzcl;
I |
@ //update view |
“ [self vpdote:fl; {
@l |y |
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Call

Xcode Stacksplorer |§ Blaze

Hierarchy

Find Change
Location

Side Effects
of Change

Task Success
Task Completion Time

33 Developers

\w:\} 80.000 Lines of Code

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

p=0.0I5 p=0.022

6 1900
e
"
2 45 5 1425
< v}
=3 Q
2 9
B c
£ £
o
a 9]
= 3 £ 950
2 &
[
g el
(%] Q
a E
5 1.5 S 475
) - g
3
0 0
Xcode Call Hierarchy Stacksplorer Blaze Xcode Call Hierarchy Stacksplorer Blaze
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eno paricipunt2-Ansotations

Effectiveness [IVGekE <l Stacksplorer

Hierarchy
Stacksplorer

Efficiency el

Hierarchy

Why!?

[ UlDifferences | Navigation Behavior

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

Li=(p1.1} ---s|[P640.480) L=(p1.1,...s P1024,768)

ull

FIl. F2 | F3 | F4 F5

|. Features
2. Transformations
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[Piorkowski201 1,
Modeling programmer
navigation: A head-to-
head empirical evaluation
of predictive models]

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

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

All methods known

M; to developer at time ~ Mas={a, b, d}
H=(my, .., mj) i

. Activation value for As(a) =3

9 Ai: Mj - {m;}—=R h method in M.

2 S each method in M; As(b) =2

o

<

s Rit Mi - {m}—N Rank-transformed Rs(a) =1

= ] i Vi = U version of A; Ru(b) =2

a

o\ @) & < e > &
& & o ° & & Fa
& & S & o 5% Result: N top-ranked methods
< Q\o ® f-,\& Q (}& 00&\
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Prediction Accuracy

50 %
Xcode Stacksplorer :
40% r /
/. 30%
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/‘)_'-0—0—0-‘ N

A

!

N=123456789I1011121314151617181920

% Recency
@ Within File Distance

#® Frequency
© Fwd Call Depth
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N=123456789I1011121314151617181920

# Working Set
“© Undirected Call Depth

41

@ Bug Report Similarity
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50%
Forward Call Depth
40 %
309%
20%
. b/M i i

50%
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309% l‘_‘___‘__/—J
20%

10% /
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Prediction Accuracy

50%

Xcode

Stacksplorer
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30 %
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< Fwd Call Depth

N=123456789I1011121314151617181920

42

%  Undirected Call Depth
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Forward Call Depth

p=0.002

p=0.001

< Xcode 4 Call Hierarchy - Stacksplorer <@ Blaze
Undirected Call Depth p=0.001
p=0.003 ﬁ
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®  Flex Builder File Edit Source Navigate Search Project Data Run Window Help
AOO Flex Development - bpVideo/src/bpVideo.mxml - Adobe Flex Builder : o
MeEHe BloE-e-8a] 4 BivGivem Qv Siv £ @ Fex Develop... >
B wpvisomam 5 =0
Source | | Design
«?xml version="1.0" encoding-"utf-8"7>
<mx:Application xmlns:mxe"http://wwa.odobe . com * layout="absolute” creationComplete="loadData()">
<1 [COATAL
public function loadbata():void {
URLLoader
icotion
Design
. problems | & Console ® ik a
Analyze | bpVideo [Flex Appli ) file:/Us d/work: bug/bpVideo_ htmi
mplement [SWF) Users:mirod:work:projects:Blueprint:code:bin-debug:bpVideo.saf - 633,020 bytes after decompression
undefined

t2010, Example-cen h into the development environm
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function drawTree

resethandon

drm@ranches (0, MITA.PL/2, canvasMidid, canvasheight, 30

resethandos
dra8lossons (blossosPoints

AravBranches
swve
tweenid, 1, 60, 12, 3) « rancom(0.7, 1.3
Length « 97

Introducing Codel e SRR : )

Cta restore

var tigk « x + (leagth - width/2) » Math.cos|ssgle
var tigf « y + {leagth - width/Z) + Math.sinlasgle

tit»4
BlossosPolnts. push [x,y, tigX, 1ipY

HiLet
demBranches(i + 1, angle + random( -0.15,
demBeanchesii + 1, angle « randoal 0.15,

else if 11«12

inking Interactive Documentati he Edito [Victor2012, Inventing on Principle]




Summary

Finding focus points

Expanding focus points

Understanding a subgraph

Questions over groups
of subgraphs
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