Software Visualization

SWE 795, Spring 2017
Software Engineering Environments
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Today

 Part 1 (Lecture)(~60 mins)
e Software visualization

* Part 2 (In class activity)(~30 mins)
e Sketch a software visualization

e Break!

 Part 2 (Discussion)(45 mins)
* Discussion of readings
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Why a diagram is (sometimes) worth ten
thousand words

 Diagrams can group together all
information that is used together, thus
avoiding large amounts of search for the

‘ g H A H \ elements needed to make a problem-
solving inference.

* Diagrams typically use location to group

‘A information about a single element,
N Fu " avoiding the need to match symbolic
labels.
Fea~ fa=Mg0 F-f,-Faa=M,0

* Diagrams automatically support a large
number of perceptual inferences, which are
extremely easy for humans

e Larkin & Simon, 1987, Cognitive Science
11, pp 65-99.
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How information visualization amplifies cognition.

Increased Resources

High-bandwidth hierarchical interaction

Parallel perceptual processing
Offload work from cognitive to
perceptual system

Expanded working memory
Expanded storage of information

Reduced Search
Locality of processing
High data density
Spatially indexed addressing
Enhanced Recognition of Patterns
Recognition instead of recall

Abstraction and aggregation

Visual schemata for organization
Value, relationship, trend

Perceptual Inference
Visual representations make some
problems obvious
Graphical computations
Perceptual Monitoring

Manipulable Medium

The human moving gaze system partitions limited channel capacity so that it combines high spatial
resolution and wide aperture in sensing visual environments (Resnikoff, 1987).

Some attributes of visualizations can be processed in paraliel compared to text, which is aerial.
Some cognitive inferences done symbalically can be recoded into inferences done with simple
perceptual operations (Larkin and Simon, 1987).

Visualizations can expand the working memory available for solving a problem (Norman, 1993).
Visualizations can be used to store massive amounts of information in a quickly accessible form (e.g.,
maps).

Visualizations group information used together, reducing search (Larkin and Simon, 1987).
Visualizations can often represent a large amount of data in a small space (Tufte, 1983).
By grouping data about an object, visualizations can avoid symbolic labels (Larkin and Simon, 1987).

Rwogdﬂ\gnfummwguwwbyambmsmtmmmmmamahmbyme

Vssuahzabmssmpifyando:gamzenfom'tabon supplying higher centers with aggregated forms of
information through abstraction and selective omission (Card, Robertson, and Mackinlay, 1991;
Resnikoff, 1987).

Visually organizing data by structural relationships (e.g., by time) enhances patterns.

Visualizations can be constructed to enhance patterns at all three levels (Bertin, 1977/1981).

Visualizations can support a large number of perceptual inferences that are extremely easy for
humans (Larkin and Simon, 1987).

Visualizations can enable complex specialized graphical computations (Hutchins, 1996).
Visualizations can allow for the monitoring of a large number of potential events if the display is orga-
nized so that these stand out by appearance or motion.

Unlike static diagrams, visualizations can allow exploration of a space of parameter values and can
amplify user operations.

—

S.K.Card, J.D.Mackinlay, B.Shneiderman, “Information Visualization”, Readings in Information Visualization: Using Vision to
Think, Morgan Kaufman, Chapter 1.

LaToza/Bell

GMU SWE 432 Fall 2016 4



Designing an information visualization

Raw
Data

Data

Data

Transformations

Visual Form
Data Yisual
Views
Tables Structures ews
Visual View
Mappings Transformations
Human Interaction
Raw Data: idiosyncratic formats

Data Tables: refations (cases by variables) « metadata
Visual Structures: spatial substrates + marks « graphical properties
Views: graphical parameters (postion, scaling, clipping. ... )

task

S.K.Card, J.D.Mackinlay, B.Shneiderman, “Information Visualization”, Readings in Information Visualization: Using Vision to
Think, Morgan Kaufman, Chapter 1.
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Marks’ graphical properties

e Quantitative (Q), Ordinal (O), Nominal (N)
* Filled circle - good; open circle - bad

Spatial Object

(Position) —|—|—I| | Gray Scale |j H &
Size @ @ o -

Extent

Coor M B[
g
Dif. [rientation Ehghigep Texture B B B B

feren-
tial Shape LY * & .

LaToza/Bell GMU SWE 432 Fall 2016



Effectiveness of graphical properties

e Quantitative (Q), Ordinal (O), Nominal (N)
* Filled circle - good; open circle - bad

Spatial Q O N Object Q

(Position) | ® | ® | ® |Grayscale | @ | @ | O

Extent
Size | ® | @

NN Color | O
Jifferential | Orientation Texture | O

Shape | O
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Tufte’s principles of graphical excellence

e show the data

e nduce the viewer to think about the substance rather
than the methodology

e avoid distorting what the data have to say

* present many numbers in a small space

 make large data sets coherent

e encourage the eye to compare different pieces of data

e reveal data at several levels of detall, from overview to
fine structure

e serve reasonable clear purpose: description, exploration,
tabulation, decoration
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Interactive visualizations

e Users often use iterative process of making sense

of the data

 Answers lead to new guestions

e Interactivity helps
of information to a

 Should offer visua

user constantly change display
nswer new questions

ization that offers best view of

data moment to moment as desired view changes

LaToza/Bell
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LaToza

How software visualizations may help

o QOffer information that helps developers to answer
guestions

* [acilitate easier navigation between artifacts
containing relevant information

GMU SWE 795 Spring 2017
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LaToza

Key questions for software visualization
design

Do you really need a visualization”

e |f you know the developer’s question, can you answer it
more simply without a visualization”

* Anti-pattern: show all the information, let user find patterns

* |n other domains (e.g., data analytics), visualization is a
tool for data exploration and understanding dataset.

 Not true for SE: developers want to complete tasks,
finding patterns often not relevant

« How much context do you need?
* More context —> more information to sort through
* |Less context —> more direct

GMU SWE 795 Spring 2017
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LaToza

Some popular forms of software
visualizations

Code
e |conographic representation of code text

Algorithm & object structure visualizations
e Depictions of data value changes over time
 Runtime snapshots of object reference structure

Module structure

e Static views of module properties & dependencies (e.g.,
calls, references)

Function calls
 Dynamic and static depictions of function calls

GMU SWE 795 Spring 2017
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Code visualizations

o (Offer overview of source code

* |dentify relevant sources lines matching some
oroperty

e e.g., changed in a commit, passing a test, with a
compiler warning

* Represent lines of iconagraphically
* e.9., colored lines

GMU SWE 795 Spring 2017
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SeeSoft

_____________________________________________________________________________________________
| 0,
1
]

]
| lilse Statistics Visx Uptious Ueslp

AT&T Bell Labs [Eick, 1992]
Visualization for performance
“Hot spots” in red

Large volumes of code
Image is of 15,255 LOC
Up to 50,000 LOC

Can indent like original
source files

Also, recently changed,
Version control systems
Static, dynamic analyses

Interactive investigation

"!'lﬂ“l lllIfIIIJ' 2

Stephen G. Eick, Joseph L. Steffen, and Eric E. Sumner, Jr.. 1992, Seesoft-A Tool for Visualizing Line Oriented Software Statistics. IEEE
Trans. Softw. Eng. 18, 11 (November 1992), 957-968.
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Tarantula

Y= Tarantula CocleViewsr | 3 N
Fila

» Default  Discrete @ Continuous () Passes ( Fails  Mixed E @ Line: 7254
Test |

RUURTTES

"

| gty '|‘l' I TR

| [r 1'” “|I|H1 1M||||.|

| iy

a| Line 7254 Color Legend
# Executions: B

Passed: 2

Failed: 3

.....

Color — code coverage
Red — failed test case
Green — past test case
Yellow — hue is % of test cases passing

James A. Jones, Mary Jean Harrold, and John Stasko. 2002. Visualization of test information to assist fault localization. International
Conference on Software Engineering (ICSE '02), 467-477.
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AspectBrowser

£~ Aspect Browser - ClassDictionary.java - Eclipse Platform - 0| x|
File Edit Source Refactor Navigate Search Project Run Window Help
It la |0 YyQ~ | 7| 4@ |Gyt O o v §§'|@AspectBro... &Java
A Aspect Tree 53 AR " 8 ([f visualization and Navigation 52 MvR QPN T v =0
_Create Mmcts v Ak et e - E -
. 1 pleclipse
Grep Pattern: | — &k space
ebulous
Create Group || Create Aspect
q
— Show and Hide Aspects C:Documents and SettingsiMacneil ShonleiDesktop\XAspectsProjectiXAspectsieduineuiccs'x... ;
E;@ Aspect Index Aspe... | Aspe... | Aspe... | Clas... |Com... |Java.. | Java.. |Sour.. | Trav.. |Trav.. |XAJC.. || -
~[] A length (138) E
~[# @ \:set (70) —
[ a fie* = (12)
~[¥] @ new (202) — . —
-[v] 4 modifier (23)
‘ 3
—Computed Source Informaton———— |[[J] JavaTok... | [J] Aspectl... | [J] SourceE... mm Travers... |75 B
#-(= Redundant Lines Present T T :l
B Morst Unnon Identrlf;bers PrintStream origQut = System.out; -
B-& I_EC|pse Rersourf:; MaSESS ‘ PrintStream origErr = System.err; i
it org.ecrlpse.].dt.zo;)e.ta_s . | File out = new File (getWorkingDirectory(), "ou
=& org.ecipse.) - € ug.JavalineBrez File err = new File (getWorkingDirectory(), "e:
<y Line breakpoint: Traversal [line try |
<l Line breakpoint: Traversal [ine System.setOut (néw PrintStream(new FileOutr
System.setErr (néw PrintStream(new FileOutg
‘ | 2
}
RunAnalysisl catch (FileNotFoundException fnfe) { v
< | 4
| | Writable | SmartInsert |156:1 |

Macneil Shonle, Jonathan Neddenriep, and William Griswold. 2004. AspectBrowser for Eclipse: a case study in plug-in retargeting. In
Proceedings of the 2004 OOPSLA workshop on eclipse technology eXchange (eclipse '04). ACM, New York, NY, USA, 78-82.
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Industry Use: Eclipse Markers

|| Project Explorer 23 =0 Idubutd ami £ dab org.ecipse.mylar. . P’? - O

w4

1
e i .
- e

=) t;a org. »capfc mylar-site fdcs e | =
%l ild | <project defaulc="source"” name="build">

- budd-ib.xm <target name="source">
, JEERR G e st inations
exportSource-"tLue"

™ 1 . - - " =~ " ¢ ' 7 I =2 .
xml version*"1.0" encoding="UTF-8"2> (alE

=) lq,' org.edipse.mylar . tasks.ui [de:|

=l lay wors
:’ =y = exportType="z1ip"
| »] refresh.qgif filename="mylar-archive-0.€
~ = . =M { 1N= =
&3 phugin.xml plugins="org.eclipse.mylar,
org.eclipse.mylar.bugzi

org.eclipse.mylar.bugzi

fl : - . _»)_AI‘ org.eclipse.mylar.bugzi
ggm X5 =im | org.ecllpse.m'flar.contelv
<] T E
Lprouems X = O || &3 Tasks 2 =0
1 error, 47 warnings, 0 infos — | |Fiter matched 100 of 357 tems —
;’-4, ‘i 8= .}‘ o \
<2 pde.exportPlugns Descnpbon - | v | 3 Descnptlon
9 Duplicate target "plugin_e TODO : all of this should
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Industry use: Visual Studio Code Minimap

DQ minimap.ts - vscode - Visual Studio Code - Insiders

File Edit Selection View Go Help

@ minimap.ts X

'use strict';

‘vs/css!./minimap’;
ViewPart } ‘vs/editor/browser/view/viewPart';
ViewContext } ‘vs/editor/common/view/viewContext';
IRenderingContext, IRestrictedRenderingContext } ‘vs/editor/common/ :
getOrCreateMinimapCharRenderer } 'vs/editor/common/view/runtimeMini
browser ‘vs/base/browser/browser';
dom ‘vs/base/browser/dom’;
MinimapCharRenderer, MinimapTokensColorTracker, Constants } 'vs/ed1
editorCommon ‘vs/editor/common/editorCommon’ ;
CharCode } ‘vs/base/common/charCode’ ;
IViewLayout, ViewLineData } ‘vs/editor/common/viewModel/viewModel"’;
ColorId } 'vs/editor/common/modes"’ ;
FastDomNode, createFastDomNode } 'vs/base/browser/fastDomNode' ;
IDisposable } 'vs/base/common/lifecycle’;
EditorScrollbar } 'vs/editor/browser/viewParts/editorScrollbar/edit
RenderedLinesCollection, ILine } 'vs/editor/browser/view/viewLayer'
Range } 'vs/editor/common/core/range’;
RGBA } ‘vs/base/common/color’;
viewEvents ‘vs/editor/common/view/viewEvents'; :
GlobalMouseMoveMonitor, IStandardMouseMoveEventData, standardMouseMoveMe ===
platform 'vs/base/common/platform’; :

{
{
{
{

N AP SO VAR UG Ul P o Bl g W g G Vs G s

enum RenderMinimap { ~
Pmasterr 8101 @0AO0 Ln55 Col1 TabSize:4 UTF-8 LF TypeScript 22.1 TSLint @
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Algorithm & object structure visualizations

* Depict runtime state at a snapshot or over time

* e.g., elements in a collection, numeric values

» (Often focused on teaching basic algorithms (e.g.,
sorting algorithms, linked list insertion)

(Section adapted from Software Visualization, Lecture by Brad A. Myers, Spring 2011)

LaToza GMU SWE 795 Spring 2017 19



LaToza

Sorting out Sorting

https://www.youtube.com/watch?v=SJwEwWA5SgOKM

GMU SWE 795 Spring 2017
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Incense

Figure 14,
ARRAY [1..4] OF POINTER with two POINTERS
referring to the same value.

data: 2
less:
2Teater: -
First to automatically
create viz. of data B —
structures sreater —
data: 10
Produce pictures et
“like you
might drawn them Figure 15.
” This erroneous tree structure demonstrates that a pointer
on a blackboard to previously displayed object does not generate a new

copy. The second arrow is drawn to the first occurrence.

Goal: help with
debugging

(a)

(®)

weigbre> 175

lastName: Myers
initial: 'B

Figure 16.
Pointer to value inside a record (a) does not get confused
with a pointer to the record itself (b).

Figure 17.
Incense display for
RECORD [int: INTEGER, p1: POINTER TO CARDINAL]J.

Layout Field 1 Layout field 2

Figure 18.
Artist hierarchy that would be created for:

rec: RECORD [p1: POINTER TO CARDINAL, int: INTEGER];

(This figure was not created by Incense).

(b)

eight: 175 welzht: 175
lastName: Mvers lastName: Myers
initial: ‘B iniual: 'B

Figure 19.

Demonstration of the advantage of curved lines used in
Incense (a) over straight lines (b). The control points used

to specify the spline are shown as black squares in (a).

Brad A. Myers. 1983. INCENSE: A system for displaying data structures. Conference on Computer graphics and interactive techniques

(SIGGRAPH '83),115-125.
LaToza GMU SWE 795 Spring 2017



Brown University Algorithm Simulator and
Animator (BALSA)

o Transitive Closure --

e
.;.......;... @

o oo | CIEIY
. | CIEKIL]

Major interactive integrated

system

Extensively used for teaching at |
Brown Univ.

Lots of algorithms
visualized

Architecture for
attaching the graphics

with code o ;
Still required significant -.-'f'f‘ R s 1

programming for each ;;
L é nmnm;;& %

ViZ.
nnEn

Marc followed up with
Zeus ('91) at DEC SRC

o eee——C] ST: Di katra (soarse) [P ———

Marc H. Brown and Robert Sedgewick. Techniques for Algorithm Animation. IEEE Software, 1985.
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I8 o roon 0uso o [
33> Begim execution ... [ IN ouT NEXT BACK E
> wrestpatat sat e | ok | Fx ] W] B
Steven Reiss at Brown’s code & E':.:‘g:.‘:it“”‘ P oot oroaran’ o 1umtrate o ingou
data visualization systems 335 Seap couprate gl e
color : (red,green,blue);
Take advantage of new Apollo LR
workstation capabilities "
. - GO FORWARD DEBUGC X, Yy : integer;
PECAN (1985) — automatic oEcLaRATION
. : ROUTINE
graphics about the program BT DATA
Multiple views X = POy o 1 Te 160 "
Integrates Balsa R N

data visualization AT
Syntax directed editing " L ]

Drag and drop | L
Flowcharts of code REMEE = CoweNT
Code highlighting while — r—

executing

. . WRITELN('Result is’, x)
Data viz. like Incense RITEINCverage Ts+, X710 vl |
Incremental compilation FTATERERT Lo |
: VAN
Could handle up to 4 g |

1000 LOC TE B B E % B B B B OE

rav 0 Display Box kEdit Rothon NS Edit Symbols Xprs Declaration Symbols Type Transcript sanple

— RESIZE — WOVE DECETE — PUSH _ POF__ ICON HARDCOPY SAVE VINDOW SAVE SETUP TRVERT RELCP QUIT

i |

Steven P. Reiss. 1984. Graphical program development with PECAN program development systems. In Proceedings of the first ACM
SIGSOFT/SIGPLAN software engineering symposium on Practical software development environments (SDE 1), 30-41.
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Friendly Integrated Environment for
Learning and Development (FIELD)

[®] display: 11
11: List

F|e|d (1990) _ IDE, Edit i Layout I Displayll Insetl; Evalll

wrappers for Unix tools
Code and data viz.
Message-based (control) ““
h 4

. : 1 1 1 1 1 1 1 1 1 1 9
Integration o /'
Basis for most other Unix — M M /A /A /e
IDEs ~ = = - = - - = a
Widely used W I N O O

Followed by
DESERT, ... =1 el el Rl Bl el el Fal B

o
[
N
w
1Y
8
()]
~]
o

Steven P. Reiss: Interacting with the FIELD environment. Softw., Pract. Exper. 20(S1): S1 (1990)

LaToza GMU SWE 795 Spring 2017 24



Transition-based Animation Generation
(TANGO)

John Stasko PhD thesis at Brown TANGO
Univ. (1990) MONITOR CONSUMER 1‘
Smooth animations between ,
states

Paths & transitions
Make it easier to author

algorithm visualizations
Events inserted into the code e
tied to animations T
3
T g e -

YT “BiReset T Figure 2. Tango animation of a producer-consumer ring buffer.

Figure 9. Superim scquee of fes from thbiakingamatlon.
J. T. Stasko, "Tango: a framework and system for algorithm animation," in Computer, vol. 23, no. 9, pp. 27-39, Sept. 1990.
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*-a=ull DDD: /public/source/programming/ddd-3.2/ddd/cxxtest.C B X
File Edit View Program Commands Status Source Data Help |
0: | Tist—>self] ,®» B @ e 2 o2 L Q 9 & =2

Lookup Find« Break Watch Print Dispa Plot Hide FHolale Set Undisp

self. . . . . . . . . . . sef

:35: | /)

= 0x804df80

value = 86 (>

self = 0x804df90|—"=

next

1: list B value
(List *) 0x804df80

next 0x804df90
1ist—>next = new List{a_global + start++); BN E X A
list—>next—>next = new List{a_global + start++);
1ist—>next—>next—>next = list; Run
Data D|Sp|ay @ (void) lisk: /{ Display this I
P delete 1istlCList *) 0x804df80 Step | Stepi
D b delete list—>next; Mext | Mexti
e U g g e I ) U Thisie: Until | Finish
79 s S8 DDD Tip of the Day #5 > Kil
void 1is owh
¢ 14st If you made a mistake, try Edit—Undo. This will undo the most edo
2 recent debugger command and redisplay the previous program state. IHT N
e
fi-
void ref
S Close | Prev TipI Next Tipl
dele
} date—er—sy

Egggg graph display *(list—>next—>next—->self) dependent on 4
7

A list= (List *) 0x804df80

--!T\L Ij'[\

https://www.gnu.org/software/ddd/

Andreas Zeller and Dorothea Lutkehaus. 1996. DDD—a free graphical front-end for UNIX debuggers. SIGPLAN Not. 31, 1 (January 1996),
22-27.
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PythonTutor

Python 2.7

def listSum(numbers):
if not numbers:

return 0
else:
(f, rest) = numbers
— return f + listSum(rest)

myList = (1, (2, (3, None)))
total = listSum(mylList)

Edit code

line that has just executed
== next line to execute

<Back Step 11 of 22 Forward >

Visualized using Python Tutor by Philip Guo

Over 2.5 million people in over 180 countries have used Python Tutor to

http://oythontutor.com/

Frames Objects
Global frame function
listSum(numbers)
listSum
myList tuple tuple tuple
0 1 0 1 0 1
1 -’7 2 ez 3 | None
listSum L L A A
numbers
f 1
rest
listSum
numbers
f 2
rest

visualize over 20 million pieces of code

Philip J. Guo. Online Python Tutor: Embeddable Web-Based Program Visualization for CS Education. In Proceedings of the ACM Technical
Symposium on Computer Science Education (SIGCSE), March 2013.

GMU SWE 795 Spring 2017
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Module Views

* Depict static structure of modules (e.g., files,
folders, packages)

» (Often depicts dependencies between modules

* Focus on reverse engineering tasks, refactoring
tasks, other architecture related tasks

LaToza GMU SWE 795 Spring 2017
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SHriMP

Fig. 3. A SHriMP View of a program which implements a Hangman game. The main subsystems (Control, Setup, GamePlay, Input, Output,
GlobalVars and Die) are shown in this view. A fisheye view of the GamePlay subsystem provides more detail since it is shown larger than the other
subsystems. The maintainer can browse the source code by following hyperlinks within an architectural view of the entire program.

M.-A.D Storey, F.D Fracchia, H.A Muller, Cognitive design elements to support the construction of a mental model during software exploration
Journal of Systems and Software, Volume 44, Issue 3, January 1999, Pages 171-185.
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Code Crawler (Polymetric Views)

Position Metrics (X,Y)

Color Metric Height

Metric

———Width Metric

o N
i@t .

Imﬂmﬂﬁ“ﬂ}“ o

LLD ”%,LZL{IU” [o0-

ApplicationModel Hierarchy

Model Hierarchy

b

1

...4'. [H%&I% D []UE [][I goe UED UD[]AU MJU[H&D % D[]DD

%]UIJU%”[JCUU[]LUW? Dﬂ[] 0° g %ﬁhgﬂ U”&%JHEUCU

\ I]EI'IC&I'I"I]IU

n

Michele Lanza and Stéphane Ducasse. 2003. Polymetric Views-A Lightweight Visual Approach to Reverse Engineering. IEEE Trans. Softw.

Eng. 29, 9 (September 2003), 782-795.
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Relo

IO OH.ifa.draw.utl. GraphLayout £ Cri.ifa.draw. framework
@ addNode(Figure): void o
v Figure
— = @ addFgureChangelistener (FgureChangelistener): vod
34 Members »
é 21 Classes »
i O fa.draw. figures
G UneConnection // i Cri.ife.praw.standard
1
— | & connectStart{Connector): void ‘ﬂ—’ | AbstractFigure
@ connectEnd(Connector): void -~ W
38 Members » -
( 64 Classes »
AttrbuteFigure
20 Members »
&
[ /4
O TextFigue // /
@ read(StorableInput): vod %/ O Elpzerigure
@ readObject(Objectinputstean): vod /] - bascMoveSy(nt,nt): voud
@ connect{Figure): void 14 Members »
S0 Members »
30 Classes »

Vineet Sinha, David Karger, and Rob Miller. 2006. Relo: Helping Users Manage Context during Interactive Exploratory Visualization of Large
Codebases. In Proceedings of the Visual Languages and Human-Centric Computing (VLHCC '06), 187-194.
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Lattix (Design Structure Matrices)

$root "L"‘" -
= Subsystem?
{<f +|- Subsystem?2
3 |[+]- Subsystem3
+ Subsystemd
Figure 12: DSM with Rule View
erOt - N W Wy
-)-|[+]- application 1 L[
o -
o |+ model 2 137 .
| N—
® |[+]- domain 3|17 |28
Tl . | ’ [
,32 +- framework 4 75‘53’42 L
|+ il 5 ([10[13]16 |13

Figure 13: Design Rules for a Layered System

$root

'

-
~

|dwexs wo

-

—_ 18] u‘& on
+|- application 1' L L \
2
+/-model -‘37,'L L
+-domain 3‘; .28, . L

4 .
+framework 4 e ZL
+util 5 13

| ' A !

Figure 14: Design Rules for a Strictly Layered System
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a [~ | [
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W . —
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Figure 15: Design Rules for Independent Components
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Neeraj Sangal, Ev Jordan, Vineet Sinha, and Daniel Jackson. 2005. Using dependency models to manage complex software architecture.

Conference on Object-oriented programming, systems, languages, and applications (OOPSLA '05), 167-176.
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Function calls

* Depict function invocations

* Could be runtime view (specific execution) or static
view (all possible executions)

 Many decisions about what to show & how to show it

Code centric? Timeline centric?

Show all functions”? Show some functions”? Which
ones”

What information about functions to depict? Order,
time, asycnonicity, ...
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https://www.youtube.com/watch?v=FzM|4Zu2tps

Del Myers and Margaret-Anne Storey. 2010. Using dynamic analysis to create trace-focused user interfaces for IDEs. In Proceedings of the
eighteenth ACM SIGSOFT international symposium on Foundations of software engineering (FSE '10). ACM, New York, NY, USA, 367-368.
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https://www.youtube.com/watch?v=FzMl4Zu2tps

2calls m function fetch(id, callback) {
var stream = new Stream(id);
var allData =

2 calls stream.on( , function (data) {
allData += data;

stream.on( , function () {
callback( , allData);
1’
})
1call @ stream.on|{ ., Tfunction (err) ¢

callback(err):

Theseus o

B fetch (stream.js:: 1:0855543 id=1 callback=» Function returnva
(‘data’ handler) (st . 1:08:55.567 data=» [Buffer:512]® th
(‘data’ handler) (st 27 1:08:56.038 data=» [Buffer:512]® th

B fetch (st : 1:0855548 id=2 callback=» Function returnva

® (‘error' handler) (strean 1:08:56.75%6 err = "connection failed"

Figure 1. Theseus shows call counts for every function, and an asyn-
chronous call tree allows the user to see how functions interact. In the
log below the code, users can see which call to fetch corresponds to the

failure without adding any debugging-specific code or re-executing their
program.

hitps://www.youtube.com/watch”?v=gnwXX510E2Q

Tom Lieber, Joel R. Brandt, and Rob C. Miller. 2014. Addressing misconceptions about code with always-on programming visualizations.
Conference on Human Factors in Computing Systems, 2481-2490.
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Andrew J. Ko and Brad A. Myers. 2009. Finding causes of program output with the Java Whyline. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (CHI '09). ACM, New York, NY, USA, 1569-1578.
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Reacher

EditBus View StatusBar

+send(.. XD-QE - @——— +handleMessagel(.. O~ -handleEditPaneUpdate(..

+updateCaretStatusi{)

JEditTextArea

+setBuffer(..) +selectNone() (® +setSelection(..) (& —finishCaretUpdatel..,..,.. Sy _ﬂmshCaretUpdateuGt
———
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+setBuffer(..)

+setCaretPositiond..) a
VFSManager___ WorkThreadPool EditPane JEditTextArea

+runinAWT Thread(. (O +addWorkRequesti..,.. ®-.=°;+runu® +loadCaretinfol) (& +setSelection(..) (@)=

JEditTextArea
+setFirstPhysicalLine(..(O

T. D. LaToza and B. A. Myers, "Visualizing call graphs," 2011 IEEE Symposium on Visual Languages and Human-Centric Computing (VL/
HCC), 2011, pp. 117-124.
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In Class Activity

* Form groups of 2
 Sketch a software visualization

e You should decide

 What is the task you are supporting

 What information do developers need for this task

 How does your visualization help developers to
obtain this information more easily

* What context is (or is not) visualized” Why is the
specific visualization chosen?

* [llustrate your visualization with two or more examples
of its output
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