Crosscutting Concerns

SWE 795, Spring 2017
Software Engineering Environments

Partially adapted from slides by
Brad A. Myers, 05-899D Human Aspects of Software Development



Today

 Part 1 (Discussion)(60 mins)
* Discussion of readings
 Break!

e Part 2 (Lecture)(~70 mins)
* (Crosscutting concerns

 Part 3 (Group work)(~20 mins)

e [Time to work on HW?2
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Crosscutting Concerns

e What's a concern?

* |n what ways is it similar or ditferent than task
context?

 Why does it matter if they crosscut?

 What approaches might help reduce challenges
developers experience?

GMU SWE 795 Spring 2017



LaToza

What's a concern?

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

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

e |deal: one concern per module

e But, In practice modules exhibit

e Scattering — single concern implemented in
many modules

 Tangling —- single module containing many
concerns
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Task context

e Could be

e Set of information
necessary to complete
a task

* Set of locations in code
that must be edited to
implement a change
(e.g., add feature, fix
bug)

 Which is it? Often used
interchangeably...

* Also known as a "working
set”
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Problems caused by crosscutting concerns

e |dentitying & understanding elements in task
context

* Navigating between elements in task context
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Scattered concerns are associated with
higher defects
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Marc Eaddy, Thomas Zimmermann, Kaitin D. Sherwood, Vibhav Garg, Gail C. Murphy, Nachiappan Nagappan, Alfred V. Aho:
Do Crosscutting Concerns Cause Defects? IEEE Trans. Software Eng. 34(4): 497-515 (2008)
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Significant time spent navigating across
task context

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

Interactive Bottleneck Overall Cost

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

Navigating to fragment in different file :
(via tabs and explorer) ~ / minutes

Recovering working set after returning to a task ~ | minute

~19 minutes

= 35% of uninterrupted work time!

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

I:g Package Explorer v X ‘ *Actions.java EraserPain... X PencilPaint... PaintCanv... PaintObjec... Paint.java PaintObjec... |
ST
- @ mouseReleased(Mousel A R I f'l
@ setClass(Class) ® e p rese n e y eXp O re r a n I e
@ setColor{Color)
@ setThickness{int) t b
-1 [J) PaintObjectConstructorListenet a S
- aintObjectConstructorList
© PaintObjectConstructorList
@ constructionBeginning(f Wh h . t k k'
@ constructionComplete(F ® e n C a n g I n g aS S y WO r I n g
@ constructionContinuing:

| @ v oot sets were lost as tabs and nodes

- @ Paintwindow

s changed

o bPanel
o bSlider

s ¢ “Including” code in the working set

o clearButton

by opening a file or expanding a

o colorChangelistener

v node made it more difficult to

o st navigate to other code in the

o gSlider "
working set
o objectConstructor

o pencilButton

o rPanel

o rSlider

o _toolButtonGroup

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

e Confirmed Ko’s observation that:

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

distracting

* Textual searching and returning

* Jabs got problematic when many opened

* All subjects wantec

overview document

e Wanted code anno

* All subjects agreed

better Inline comments and

q
d

[10N.

tions

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

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

8 IBM developers doing their own tasks using
Eclipse for Java

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

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

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

* Thrashing to view necessary context
 No support for switching tasks

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

-

1 IForm working set of ;
Find @ :
Read | [tasSk@relevait code ;

AN |
i — — s
within file Navigate dependencies in| ;
i workifie set §
: - :
s f

Edit | - - :
e Moc!lfy code In »

Z working Set | ®

| N )
task task
started complete

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

Relationship traversal

o Fi

nd starting point, traverse relationships to find other related code

locations
e See information needs & debugging lectures

New

modularity constructs—Aspects

e Reduce scattering & tangling by introducing new crosscutting
module that can be weaved into code

Recommenders

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

Working set navigation

¢« M
e

e M

ake it easier to navigate back and forth between task context
ements

ake it easier to resume tasks by redisplaying working set

GMU SWE 795 Spring 2017 14



New modularity constructs—Aspects

 Key idea: modularize scattered code into aspects

* Developers work with sets of methods in an aspect just like
In a class

* Aspects woven back into underlying code during
compilation

e Specific join points (e.q., field access, method call) can be
intercepted, invoking method Iin aspect

* Point cut descriptor describes which join points a specific
aspect method will be invoked from

* |deally, developer of module can be oblivious ot code
contained in aspect that is woven in

Kiczales, G.; Lamping, J.; Mendhekar, A.; Maeda, C.; Lopes, C.; Loingtier, J. M.; Irwin, J. (1997). Aspect-oriented programming. ECOOP'97.
pp. 220-242.
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Critiques of Aspects

 Determining the behavior of a module now requires
global reasoning

 Need to weave aspects before clear how code
will behave.

 Complexity of when and if code will be inserted

* Fragile pointcut problem: point cut descriptors
are fragile, often depending on textual properties
of identifiers

 Multiple aspects could apply to same join point,
making It unclear what ordering applies

LaToza GMU SWE 795 Spring 2017
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Recommenders

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

GMU SWE 795 Spring 2017
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Thomas Zimmermann, Peter WeiBgerber, Stephan Diehl, Andreas Zeller. Mining Version Histories to Guide Software Changes. IEEE Trans.

eo6

Rose

Java - ComparePreferencePage.java - Eclipse Platform

]rzv 88T |$-0-Q- |BH G- |®F] SB]SI- 50

v 7 &')ava [23CVS Repos...

(5 Resource

preference into
the fleld fKeys[]

¥ PATH _FILTER
¥ PREF_SAVE_A|
% PREFIX

%F SHOW_MORE
¥ SHOW_PSEUDP_CONFLICTS
% SYNCHRONIZE _SCROLLING
©F USE_SINGLE JINE
¥ USE_SPLINES
@ getSaveAllE fitors()
@ initDefaultsfIPreferenceStore)
@ setSaveAllfiditors(boolean)
o fCheckBoxes

|

ublic final OverlayPreferenceStore.OverlayKey[] _fKeys= new OverlayPreferenceStore.OverlayKey[] { ~

public fi . :
new OverlayPref riayPreferenceStore. BOOLEAN, OPEN_STRUCTURE_COMPARE),
rlayPreferenceStore.OverlayKey(OverlayPreferenceStore. BOOLEAN, SYNCHRONIZE_SCROLLING),

new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore.BOOLEAN, SHOW_PSEUDO_CONFLICTS),
new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore.BOOLEAN, INITIALLY_SHOW_ANCES TOR_PAIn

new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore.BOOLEAN, SHOW_MORE_INFO),

new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore.BOOLEAN, IGNORE_WHITESPACE),
new OverlayPreferenceStore.OverlayKey(OverlayPreferenceStore.BOOLEAN, PREF_SAVE_ALL_EDITORS),

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

new OverlayPreferenceStore.OverlayKey(OverlayPrefere
new OverlayPreferenceStore.OverlayKey(OverlayPrefere
//new OverlayPreferenceStore.OverlayKey(OverlayPrefer
new OverlayPreferenceStore.OverlayKey(OverlayPrefere

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

STRING, AbstractTextEditor.PREFERENC
BOOLEAN, AbstractTextEditor.PREFEREN

B) ROSE suggests
locations for further
changes, e.g., the
function initDefaults().

onfiguration store.setDefaul t(JGNORE_WHITESPACE, false); \:
store.setDefaul t(PREF_SAVE_ALL_EDITORS, fa |y
"""""""""""""""" Val»
sChanoatlisensr |3 ‘Problems Javadoc | Declaration (. Rose 2 v =0
v Action Symbol File Support  Confidence
e CHG ~initDefaults(IPreferenceStore) .../internal/ComparePreferencePage.java 11 1.0 0
. Changed [ntities > =8 CHG plugin.properties Jorg.eclipse.compare/plugin.properties 10 0.9090
CHG buildnotes_compare.htmi| Jorg.eclipse.compare/buildnotes_compare.html 8 0.7272
1 X~ CHG ~createGeneralPage(Composite) ...J/internal/ComparePreferencePage.java 7 0.6363
< AfKeys : OverlayKey(] ADD_TO ComparePreferencePage.java ...Jinternal/ComparePreferencePage.java 7 0.6363
CHG ~TextMergeViewer(Composite, int .../contentmergeviewer/TextMergeViewer.java 6 0.5454
ADD_TO TextMergeViewer.java .../contentmergeviewer/TextMergeViewer.java 6 0.5454 ‘;
CHG ~createTextComparePage(Compo  .../internal/ComparePreferencePage.java 6 0.5454

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

e Shows source code
navigation patterns of
feam

 Related ltems — most
frequently visited
either just before or
after the selected
item

e Favorite Classes -

hide less frequently
used

e Deployed for real use —
5 developers for 3
weeks

» Successful, but usability
ISsues, seemed most
useful for newcomers

File Edit View Project Build Debug Tools Window Help

1 X WClass View - GATetris

Fax |t

Object Browser | Start Page TetrisGrid.csl 4 b X [MClass View Favorites

> G = = =# GATetriaContrel

¢ GATetrisControl. TetrisGrid +| |s®mnitigure) 7 EREEE

I oA | _I Iﬂ ITigurey —-I r] .OT‘ Figure

z._ug ) counter++; 2% Canlraw {)
221 M@ CanMove (Movelirectiy
222 M:¢ DrzwFiaure |
223i ¥ [F]-% GetRectelndaxee |)
224it [¥]=:¢ WMove MoveDirsciion)
225 2ol RinitFigure) E-[]&9 More members
226: { =l »OT; Settirgs
227 if(DesignMode) ; :'“E'E;i“h v
2283 return; i’ I;;tKn o
229 i ( ia} e GLNEY
o I ?WItCh nextFig) @ rightKey
Sz . B rotatekey
;;} i sty e . B[ Vore members
ffi currentFigure = new Line(this); F1- [ TetrisGrd
23 break; [¥]:¢ Cearline {nt)
234; case 1: F:9 Getline {int)
235; currentFigure = new Triangle(this); [¥]:@ GetNextFigure {)
236; break; M=% IntFigue {
237 case 2: M9 IrithewGame ()
238 currentFigure = new LThunder(this); [M:@ InithexFigurs
2239; break; [F-% IrtRectangles {
240 case 3: =9 ProcessDialogKey (Key
241! currentFigure = new RThunder{this); =9 ScrokL he m
24 : break: V¢ ;I'me.rTck :,osjazt.:ven
243§ case 4: : '_piateliwtenaj ?
244! currentFigure = new RightT(this); - aRerveld
B = ‘ @ naxtFic
245: break; < 5
s @ squares
245; case 5: i S YRR T
e e e, T &[] More members
‘ P curren 1aure = new | & J SR D_) More C;ESSES

#-[]3 Mor projects

#» Figure.DrawFigure ()

public TetrisGcrid()

ResizeRadraw = true
BackColor =

systemcolors.window;

Y5 G| D E B outut

= {} GAT

Eﬁ:

Bﬁs

A iz

=@ Fgure(TetrisGrid)

etricControl
Figure
LO Bases and Interface

@ CanMove(MoveDired
@ Chang=RotateAngle
@ CetDif erentInde>e
%’ CetRectsIndexes|

@ L=ftTTetrisGrid)
W CetRectsIncexes))
@ CravPreview(Graphi

Line

07: Bases and Interfaze
@ Lne(TetrisGrd)

W CetRectsIncexes()
‘ CrawPreview Graphl
LThunder

QL; 5=<e< and Tnter fa e

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

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

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

* Make it easier to resume tasks by redisplaying
working set

GMU SWE 795 Spring 2017
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public void setThaickness(int thickness) {

private JPanel rPanel, gPanel, bPanel;

Lm tw private JSlider rSlider, gSlider, bSlider; \ ] this.thickness = 53 '.M.W n I“h
T . [ Ade a sider.. %) ' — (i e Eeel]
}
Pzinting bug Need o make a new listener for the J
thicknass sider...

3

private Changelistener colcrChaagelListener = new Change

protected int thickness;
pablic voia ':.:“mq’a‘bnanqebv@ﬂt chlnq.l‘vtntl { prot_ec:ed Color :oloz:

ohjectConat uctar.setColar (new Colar (rSlider.getW public void setColor (Color colex) { this.coler = colox) }

repaint(); public void setTaickness (int thickness) { th.s.thickness = thickness; )

public PaintWindow(int initialW.dth, int initlalHelght)

Have to add some code to set up the 3
new slider

puklic isterfase Chasgelistener

rPanel = new JPanel (new ElowTayout()); i Sy e
rPanel.setdpaque (Lol="7;
pew-TLabel ("Red")); A M e R N
new JSlidex (0, 255, 0);
. r3lider.setCpaque(false);
' setThickness() n ] :311du.ndqchmol.utonu (colerChangeListener) ; q
' PaintObjectConstru | rPanel.add rSlider); 4| srateChanged (Ciangslrent e
» ‘ Invoked whes the target of the listener has chunged ity state.
- ctor seoms roated to i ( Here's ny code. I'm geing to adl a thickness slide
this code. . tPanel = new JPanel (new FlowLayout());:

tPanel.setdpaque(faioa)y

tPanel.add ! new JLabel ("Red"));
tslider = new JSlider(0, 255, 0)3 —
t3lider.setCpaque(false);

public Rectangle getBoundingBox() { -
|rSlider.addChangeListener (co.orChangelistener) ; Is this Since hickness
rranel.add rsiider); m!%m.lﬂm
_notactually Test it.

int a = (inU)podnty polotindex] .getX();

int y = (int)points poirtIndex) .getY¥(); /
objectConstructor = new FaintObjectConstructor(tiis); ifix = thickness / 2 € ninX) minX = % = th ckness / 2;
cbjectConstructor.setClass (Peacilfaint.class); plse if(x + thickness / 2 > maxX) maxX = x + thickness / 2;
objectConstructor.setColer (nev Color (0, 255, 0))r if(y = thickness / 2 < ninY) minY = y - thickness / 2;
objectConsiructor.setThickness(5) 7 plse if(y + thickness / 2 > maxY) maxY = y + thickness / 2;

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

Andrew J. Ko, Brad A. Myers, Michael J. Coblenz, and Htet Htet Aung. 2006. An Exploratory Study of How Developers Seek, Relate, and
Collect Relevant Information during Software Maintenance Tasks. IEEE Trans. Softw. Eng. 32, 12 (December 2006), 971-987.
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Concern Graphs

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

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

* User-specified or detected using intra-concern analysis

* User can make queries

= 3 Projection - ' w =l
ts Concern Graph 23 O | & Participants 2 Interactions  Inconsistencies & Projection Relations| P = =
=181 Save featurs Participants - Storage management P ¥ 9 )Command.execute() called by ALL Jout:
o] C d =
§S:n:nr:j:a]n a: management: = @ DrawApplication o (-:-ommand
iWriting = . @ createStorageFormatManager() =~ @ execute()
9 m fStorageFormatManager -l @ called by
@ qgetStorageFormatManager() --® CommandButton
> open{DrawingView) @ actionPerformed{ActionEvent)
@ promptOpent) + (& CommandChoice
@ promptSaveAs() +- @ CommandMenu
> setStorageFormatManager{StorageFormatMan ¥ G StandardDrawingView
+-® SerializationStorageFormat + G UndoableCommand
+ (& standardStorageFormat
+- @O StorageFormatManager

Martin P. Robillard and Gail C. Murphy. 2007. Representing concerns in source code. ACM Trans. Softw. Eng. Methodol. 16, 1, Article 3
(February 2007).
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Mylar

'3 Demo - ResourcaStructureBridge java - Felipse SDK

[P

Mamo - SynchrenizeReportsAction java - Frlipsa SDK
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g oe

= 1§ 0'g.edinee. mylar interal ide
= ) Resouro:ChangeMonitor je
@ resourceChangeMento
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, on 0% 'Y - reAr g o P A N A
; o"DOS C LABEL Sitring - MyarStry = LG SnchrenzaRaporntedction . .
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1 — task list

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

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

Mik Kersten and Gail C. Murphy. 2006. Using task context to improve programmer productivity. International symposium on Foundations of
software engineering, 1-11.
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Figure 1 (2) user opens a bubble via the pop-up search box, (b) resulting bubble, (c) user opens definition of two more bubbles side-by-side (automatically
grouped); (d) a large working set of bubbles, including a (f) bubble stack of references; (€) an overview is shown in the panning bar; () hover preview

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

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

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

R. DeLine, A. Bragdon, K. Rowan, J. Jacobsen and S. P. Reiss, 2012. "Debugger Canvas: Industrial experience with the code bubbles
paradigm,” International Conference on Software Engineering, 1064-1073.
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https://www.youtube.com/watch?v=3p9XUwIlhJg

LaToza

Use In practice

 Debugger Canvas offered as extension to Visual
Studio

 Mylar —> Mylyn, part of default Eclipse

* Mylyn —> commercial <>HEv

Instant access to documents, web pages and code

With Tasktop, yau canincicate when you start warking on a task with a s’ ngle-click. Tasktop then automatica ly tracks the weh pages and
desktop documerts you work witn 2nd builds a model of how relevant cach is for that task. Tasktoo uses the model to show you just those
pages and deccuments that ace needed for a task. Switching tc ancther task is as simple as clicking on thaz task. Tasktop Dev will snow you just
the information nesded for that task. Think cf the time you will save only working with the information you need! | you are using Tasktop Cev

withinyour I2E, Tasktop Devwill focus the views inyvcur IDE to show you just the code, web pages ai

d documents that are needed for a task.

Keep on top of your bugs without leaving your IDE

Taskzop Dev inherits My yn's capabilities for rich bug editing in ECl pse, making the tasks from your issue trac<er available inthe |1D=. W th your
task and its associetad social comment thread in the 10z, you no longer nave to spend t me switching to a web browser, fincing the appropriate
task, switching back ta the IDE, and so on. All of thase ol cks and applicat ons switcnes cisappear, saving time and keeping you. close te the code.
Wher charges occur to tzsks on whnich you work. rotifications app=ar rieht ir vour task list in Eclipse, saving vou the need to check ather
applications and zllow ng youd tc raspond seamlessy ard as a part of vour wor<flow. This capzbi ity is only available ir Tasktop Dev for Eclipse

and Visua Studic.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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