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3all’'s

Dilemma

Software is intangible,

having no physical
shape or size.

Thomas Ball
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How much Software
IS out there?

The total volume of software is
estimated at 7’000°000°’000
function points (FP)

e 1 FP ~ 128 lines of C or 107
lines of COBOL

e This means ca. 1 TLOC
(1’000°000°000°000 lines)

e Printed on paper, we can wrap
the planet 10 times!

In what shape is it?

e On average ca. 5 bugs/ FP

e 35°000’000°000 bugs
(6 per Person)

© Michele Lanza, University of Lugano
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The growth of operating systems over time
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Welcome to Microsoft...

...and your first task is to get
familiar with our code base!

e Reverse engineer ~50 MLOC
of Windows Vista Code

e 2 sec/line avg. reading speed
= 100°000°000 sec

e /3600 =27'777 hours
e /8 =3472 days
e /5 =694 weeks

Roughly 14 to 15 years just to
read all the code!
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. Yes we can!

Friday, 22. March, 13



ByTh‘e‘Wayryo should also browse the
change logs of the last few years to
understand were we are coming from...
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Software Evolution

Software Evolution is the process of

continual fixing, adaptation,
enhancement to

Lehman and Ramil

Maintenance means general
delivery activities, whereas
refers to a particular phase in the
staged model where
are made to the software.

Bennet and Rajlich

while you
are busy making other plans.

Godfrey
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3 Types of Programs

S-Type (“Specitiable”)
do not evolve

P-Type (“Problem Solving”)
are likely to evolve

E-Type (“Embedded?)

are inherently evolutionary, due
to feedback loops

(Lehman and Belady, 1980)
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Release History
Database

http://evolizer.org

Integrates various software
repositories in one query-able
database:

® Source Code Management

® |ssue Tracking

® Developer Mailinglists

Augments this data with:
® Links
® Fine grained changes

® Metrics
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http://evolizer.org
http://evolizer.org

MSR 2013 May 18-19. San Francisco, Calfomia, USA |

The 10th Working Conference on Mining Software Repositories

News

Mar 19, 2013
Notifications are out, and the list of accepted
papers is now available.

Mar 14, 2013
8rian Doll is a keynote speaiker at MSR 201 3!

Mar 4, 2013

The extension has now passed. Thank you,
everyone, for your mining challenge
SUDMISSIoNs. MER-Challenge 24he Exmtension -
Maren St 2533 fore 24 hovrextemron.

Feb 13, 2013

The extension has now passed. Thank you,
everyone, for your submissions. Beadiine
Extensiontii - We wiil aliow authors to ypdate

Jan 14, 2013

This year’s prize for the best Mining Challenge
will be a Microsoft Surface tablet with Windows
RT, sponsored by Microsoft Research,

Nov 20, 2012
Prof, Gadl C Murphy is 3 keynote speaker at MSR
20131

Nov 05, 2012

We've announced our first Program Committees,
They look forward to your research, practice, and
data papers as well as challenge reports! Stay
tuned for more.

Sep 12,2012
MSR 2013 Website Launched!

Mining Software
Repositories

Welcome to the official website of MSR 2013

The Mining Software Repositories (MSR) field analyzes the rich data
available in software repositories 10 uncover interesting and actionable
information about software systems and projects. The goal of this two-
day working conference is to advance the science and practice of MSR.

The 10th Working Conference on Mining Software Repositories s
sponsored by IEEE TCSE and ACM SIGSOFT,

Accepted Papers:

Statistics:

Research/Practice (fullk 81 submitted, 31 accepted (38%)
Research/Practice (short): 22 submitted, 5 accepted (23%)

Data: 27 submitted, 15 accepted (56%)
Challenge: 29 submitted, 12 accepted (41%)
Technical Track - Full Papers

1. Strategies for Avoiding Text Fixture Smells during Software
Evolution Michoelo Greiler, Andy Zoidman, Arie van Deursen and Mavgaret-
Anne Storey.

2. Happy Birthday! A trend analysis on ten years' worth of MSR papers
Kevin Wyckmaons, Alessondro Muvgia, Ahmed Lomkanff and Serge Demeyer,

3. Testing Principles, Current Practices and Effects of Change
Localization Steven Roemoekers, Gabrielo Nane, Arie van Deursen and Joost
Visser.

4. Mining Succinct and High-Coverage API Usage Patterns from Source
Code Jue Wang, Yingnong Dang, Hongyw Zhang, Koi Chen, Too Xie ond
Dongmei Zhang.

5. Using Citation Influence to Predict Software Defects Wel Hu and Kenny
Waong,

6. Assisting Code Search with Automatic Query Reformulation for Bug
Localization Bunyomin Sisman and Avinash Kok

Friday, 22. March, 13



RCS file: fevsroot/mozilla/loyout/generic/ns¥icaportFrome. cpo,v
working file: layout/gereric/nsViesportfrare.cop

heac: 1.75.

branch:

locks: strict.

access list:

syd:ohc nares: -

DOM_AGNOSTIC_BRANCH: 1.75.0.16.

» DONM_AGNOSTIC BASE: 1.75

» MOZILLA 1 & BRANCH: 1.75.0.14.

© o MOZILLA_1 & BASE:

» REFLOW_2225Q824_3%ANCH: 1.75.8.12

» REFLOW_2205Q824_3ASE: 1.75.

’ SPLIYI!HD(I 22050714 _INITIAL YMK‘LAKD!NG 1.75.
’ S.PLITIDIDG 20050?14 SRANCH: 1.75.8.1¢
SPLITIINO(I 20030714 BASE: 1.75

o MOZILLA_1_ m R!LEAS( 1.7%

+ THUNDERBIRD_ 1 1o2 RELEASE: 1.75.

» FIREFONM_1_ia2 RELEASE: 1.75

+ THUNDERBIRD_1 101 RELEASE: 1.75.

» FIREFOX_1_ 2ol RELEASE: 1.75
MD&(RG}SECW‘I’Y mvcmo_&msosu BRANCH: 1.75.2.8 .
’ BSEDGERG SECUR!TY PI.AYGM}ZNSOSIZ BASE: 1.7%
+ REFLOW_ mzsm 1.75.80.6

» REFLOW_22050429 3ASE: 1.75.

© SOFTNARE UPOATE 20250428 BRANCH: 1.75.2.4
+ SOFTWARE UPOATE 22250428 BASE: 1.75 .

© REFLOW_2205Q315_3%ANCH: 1.75.8.2

» REFLOW_2205Q315_3ASE: 1.75 .

» MOZILLA 1 &bl RELEASE: 1.75

’ GFWS 20052202 _BRANCH: 1.71.0.12 .

’ KGFM ZNSGZGZ BASE: 1.73

PREFEREIKES _2205Q221_3RANCH: 1.73.0.8
PREFERENCES 22050221 _3ASE: 1.73.

+ MOZILLA_1 8ot RELEASE: 1.73

© REFLON_2225Q111 SRANCH: 1.73.2.6

» REFLOW_2205Q111 3ASE: 1.73.

’ CONNOLIKS 2”50109 BRANCH 1.73.0.4.

’ MLIKS}ZMIE‘M 1.73
XFORMS_2205Q126_33ANCH: 1.73.2.2

+ XFORMS_2205Q126_3ASE: 1.73 .

» PREFERENCES_ 22050121 _5RANCH: 1.72.0.4

» PREFERENCES_ 22050121 _2ASE: 1.72.

© REFLOW_22241213 SRANCH: 1.72.9.2

» REFLOW_22241213 3ASE: 1.72

xeyword substituticn: kv

totol revisions: B85;  selected revisions: &5
description:

revision 1.75 .
date: 2205/Q2/07 22:02:47; cuthor: bxborskyﬁ\t edu; state: Em lines: «@ -8

branches: 1.75.2; 1.78.6; 1.75.12;
Previous checkin wes for bug 244581 .

revision 1.74
date: 2205/82/97 21:58:24; cuthor: bzbars k)&tt edu; state: Egg‘ lines: «& -14

moooooooto args for some lBlFra\e

(Appudllmrt/ﬂm/keplace‘w) and for sore -ethods in toble lond. Patch .
by Vidar Braut Haorr <?wa110q1n orgs, resr=bzborsky

EBER LB R L ESE RN BB UR RN BRRERERBERENERR bRl Rvevounwaswn

Line: 4 Column: 8 ~_ Plain Text $ v TabSize: 4 + —
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FE.NNZB. 208622002

2 YA

AR R R R R R R AR AT T

revision 1.73

date: 2205/@1/01 17:26:27; ocuthor: nulxgam““.“ state: .Elcﬁ lines: «2 -3;.
branches: 1.73.§;

Bug 276120 GetOriginToView hes unused Pres(ontext argument p=0u ilfgin.org resr=dbaran

revision 1.72
date: 2284/12/08 19:39:49; cuthor: dboroncbaron.org; stote: EJ?J lines: +2 -@

Sug 272151: reorganize files within layout, resreroc: Empty checkin to files that were repository-copied. FPlease see bug 272151 for old locations ond see cvs history ot previous
locotions for history on branches. .

revision 1.71
date: 2284/11/14 20:22:58; cuthor: roce¥cs.cmu.cdu; state: .EI‘P.F lines: «7 -13.

Sug 261264. Compute static cbsolute positions more accurately. Also, ensure thet stotic cbsolutely positioned fromes are moved when their placcholders move. Also, ensure thot
absclutely positioned frames positioned relotive to the left or bottom edge of their contoiner move when the contciner size changes. resrecbaron (rubberstomo).

revision 1.7
date: 2824/87/31 21:15:18; cuthor: brymerfbriancyner.cor; stote: Exp; lines: «8 -8
Charge nslPresContext to nsPreslontext globolly, follow-up to bug 253472. ra=roc

revision 1.69
date: 2204/84/18 14:32:24; cuthor: 9e erv.net; stote: Efﬁ lines: +10 -1

Sug 236613: change to VPL/LGPL/GPL tri-licernse.

revision 1.88
date: 2284/Q3/12 24:42:16; cuthor: dboroncbaron.or stote: EJI?J lines: +3 -4

Oc(OM: fy nslFrome::IsPercentcgeBose ancd rencme to !s(ontmnmg!lock b=217183 resr-bzborsky a-brendan.

revision 1.&7
date: 2204/83/10 21:09:283; cuthor: roce¥cs.cmu.edu; state: Exp‘; lines: «1 -3.

Bug 235264. (lean up invalidotion to go through ¢ single nslfrome::Irvalicote function ord toke account of 'cutlire' where recessary. resredaarcn -

revision 1.66
date: 2284/81/99 19:21:20; cuthor: roc«¥cs.cmu.edd; state: Exg‘. lines: «18 -1§

Sug 218269. Reduce use of SetAttr durirg reflow. Also, fix up the APL that gets the scrollbar dimensions of o s.crollfra\g to alwoys work right for RTL. resrebryner

revision 1.85%
date: 2284/81/99 14:22:50; cuthor
Bug 19273S5. de(Mtcminate nslfFrave

roc+¥cs.cmu.edy;  state: Exﬁ, lines: «11 -29

:First{hild aord ns!Fro-e::GetAddtttmalOnld\sm-e r‘.sr-bz

revision 1.64
date: 2203/12/31 20:19:11; cuthor
Bug 192735. De(Mtcmingte nslfrave

uxasaz state: .Erﬁ lines: «3 -6

Cetfru'ype. resreozborsky -

b L R B

182 revision 1.83

183 date: 2203/82/22 29:13:12; cuthor: ““.“km}.t"e.du" state: Eit& lines: «39 -47

184 Reflow moin content before reflowing fixed-pos fromes so thaot the ploceholders

1es are in the right ploces. lug 92278 anc dependencies. resrerocemoz

S .

187 revision 1.82

1e8 date: 2203/02/22 15:34:03; cuthor: gm:gg;ar . stote: Eg} lines: +2 -1@

1e9 Rerowe nsiSizeOfondler ond cssociated SizeOf methods. be-186792 rebzbarsiy sr=jst.

118 | ~-meeermeeerecccce e

111 revision 1.61

112 date: 2203/Q2/13 19:12:50; cuthor: 95!’9.'.’.“}.*}.‘.&‘“.. state: Em lines: «@ -1.

113 Rerove leftover reflow reason hack in fixed-pos reflow. Bug 192291,

114 N.s:-dmron. G=a50G -

11§ | sreeeermceerccc e

116 revision 1.62 k:

117 date: 2203/81/29 18:04:29; cuthor: Hm&!mtscm.cu; state: .EZ‘PJ' lines: «72 -351 - —

118 bug 179683 - implement printing of fixed positiored clemerents, clean up Vieawportfrome. sreroc, rebzbarsky. v
Line: 4 Column: 8 ' Plain Text s VY TabSize: 4 7 — = Y
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‘M%Bug 377413 ‘ Dynamic delt xb‘

& C' G https://bugzilla.mozilla.org/show_bug.cgi?id=377413 kA S
Bugzilla@Mozilla - Bug 377413 Dynamic delete of form elements leaves references sometimes Last modified: 2008-09-06 19:36:36 PDT m
Home | New | Browse | Search | || <> (?) ' Reports ' Requests | Help | New Account | Log In | Forgot Password
First Last Prev Next This bug is not in your last search resuits.
Bug 377413 - Dynamic delete of form elements |leaves references sometimes Last Comment
Status: UNCONFIRMED Reported: 2007-04-13 10:11 PDT by Les Barstow
Whiteboard: Modified: 2008-09-06 19:36 PDT (History)
Keywords: CC List: 5 users (show)
Product: Core See Also:
Component: DOM: Core & HTML
Version: Trunk tracking-firefox5: -—-
Platform: All Al status-firefox5:
tracking-firefox6: -
Importance: -- normal with 1 vote (vote) tracking-fennec: ---
Target Milestone: --- blocking2.0: ---
Assigned To: general status2.0: -
QA Contact: general blocking1.9.2: —--
status1.9.2: -
URL: http://pt6édemo.profitool.com/testaddr... blocking1.9.1: - i
status1.9.1: -
Depends on:
Blocks:

Show dependency tree f graph

Attachments
Add an attachment (proposed patch, testcase, etc.)

Summon comment box

Les Barstow 2007-04-13 10:11:18 PDT Description

Uzer-Agent: Mozilla/S.0 (Windows; U; Windows HT S.1; en-U3; xv:1.8.1.3) Gecke /20070309
Firefox/2.0.0.3

Build Identifier: Mozilla/S.0 (Windows; U; Windows HT S.1; en-U3; xrv:1.5.1.3) Gecko/20070309
Firefox/2.0.0.3

The URL above iz a somewhat zimple application that inserts and deletes rows in 2 table uzing
Javadeript. Rows all contain form input fields. HAny reference to an existing form element -
statically created, or dynamically created using innexHTML or document.createllement("input") -
causes the element to become somewhat indelible. Deleting the table row containing the input field
(oxr even deleting the input element itself and then deleting the row) leaves a residual reference
for any ¢lement that had been referenced while it existed.

The referenced URL document contains several sample tests that can be run. URL contains all
necessary JavaSeript and HTML.

Reproducible: Always

L

Nl
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Metrics

Metrics are a mapping of a particular
characteristic of a measured entity to
a numerical value.

They can be used to quantify aspects
of quality.

Measuring software is cheap and can
be automated.

Numbers are just numbers; don’t
trust them.

They capture symptoms, not causes.

Hard for developers to deal with
them.

Inflation of measurements

Friday, 22. March, 13



Yesterday | met a
system...

Q: How many lines of code?
A: 35°000 LOC

Q: How many functions/
methods?

A: 3600 NOM

Q: How many classes?
A: 380 NOC

Is it “normal” to have such a
system?

What about coupling or
cohesion?

Friday, 22. March, 13



Yesterday | met a
system...

Q: How many lines ofCdde?

Is it “normal” to have such a
system?

What about coupling or
cohesion?
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The Overview
Pyramid

A metrics-based means to both
describe and characterize the
structure of an object-oriented
system by quantifying its
complexity, coupling, and
usage of inheritance

Measuring these three aspects
at system level provides a
comprehensive characterization
of an entire system.

Friday, 22. March, 13
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The left side: System Size & Complexity

Direct metrics: NOP. NOC, LOC, CYCLO
Derived Metrics: NOC/E NOM/C, LOC/M, Cyclo/LOC

The Overview Pyramid in Detail - Object Oriented Metrics in Practice,
Lanza and Marinescu.
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The left side: System Size & Complexity

Direct metrics: NOP. NOC, LOC, CYCLO
Derived Metrics: NOC/E NOM/C, LOC/M, Cyclo/LOC

The right side: System Coupling

Direct metrics: CALLS, FANOUT
Derived Metrics: CALLS/M, FANOUT/CALL

4,18

15128 CALLS 0,56
FANOUT

i) LOC 35175
5579)18590

The Overview Pyramid in Detail - Object Oriented Metrics in Practice,
Lanza and Marinescu.
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The left side: System Size & Complexity

Direct metrics: NOP. NOC, LOC, CYCLO
Derived Metrics: NOC/E NOM/C, LOC/M, Cyclo/LOC

The right side: System Coupling

Direct metrics: CALLS, FANOUT
Derived Metrics: CALLS/M, FANOUT/CALL

he top: System Inheritance
Direct metrics: ANDC, AHH

4,18
35175415128 CALLS 0,56
5579)18590 FANOUT

The Overview Pyramid in Detail - Object Oriented Metrics in Practice,
Lanza and Marinescu.
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The left side: System Size & Complexity

Direct metrics: NOP. NOC, LOC, CYCLO
Derived Metrics: NOC/E NOM/C, LOC/M, Cyclo/LOC

The right side: System Coupling

Direct metrics: CALLS, FANOUT
Derived Metrics: CALLS/M, FANOUT/CALL

he top: System Inheritance
Direct metrics: ANDC, AHH

4,18
35175415128 CALLS 0,56
557948590 FANOUT

The Overview Pyramid in Detail - Object Oriented Metrics in Practice,
Lanza and Marinescu.
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The left side: System Size & Complexity

Direct metrics: NOP. NOC, LOC, CYCLO
Derived Metrics: NOC/FE NOM/C, LOC/M, Cyclo/LOC

The right side: System Coupling

Direct metrics: CALLS, FANOUT
Derived Metrics: CALLS/M, FANOUT/CALL

he top: System Inheritance
Direct metrics: ANDC, AHH

The Overview Pyramid in Detail - Object Oriented Metrics in Practice,
Lanza and Marinescu.
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Class uses directly more than a
few attributes of other classes

( ATFD > FEW )

Functional complexity of the N\ (
class is very high AND L GodClass J
( WMC = VERY HIGH ) /

Class cohesion is low

( TCC <ONE THIRD J

|dentity Disharmony: God Class

Friday, 22. March, 13



Class uses directly more than a
few attributes of other classes

Functional complexity of the
class is very high

( WMC =VERY HlaHg |
\_ ‘ . Y,

Class cohesion is low

B

( TCC <ONE THIRD

|dentity Disharmony: God Class
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Operation is called by too many
other methods

( CM > Short Memory Cap

AND\

J

\.
-
Incoming calls are from
many classes
( CC > MANY
Y

Collaboration Disharmony: Shotgun Surgery

f
L

Shotgun Surgery

w

J
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.

Operation is called by too many
other methods

(

CM > Short Memory Cap

)

J

r

Incoming calls are from
many classes

CC > MANY

‘

°/

AN

\J

Collaboration Disharmony: Shotgun Surgery

S

Shotgun Surgery

f
L

‘

J

Object-Oriented
Metrics

in Practice
JSiIng SOMWIre Metrics ©

Characiere, Evauae, arnd NOVE
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What is the meaning of those numbers?
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SES OV
s

What is the meaning of those numbers?
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Rardy Yow

Can you understand the beauty of a painting by measuring the size of its frame, or by
counting the number of colors the artist used, etc?
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Software Visualization Ted

The use of the crafts of typography,

graphic design, animation, and -
cinematography with modern 2
human computer interaction and =
computer graphics technology to 4 ?‘;’:’; "::
o

facilitate both the human
understanding and effective use of

computer software. 5
o AT PRSI,
W’gf{;u' A S2III Sy P
5 frr e LRty -
’"%u' BT RS ey -

-~ e
£ derte> SO L erency

Stas ko, 1 998 ‘-’o Ay LN S e - .~(’
> :- g pr?? PTCRLIRS ) ‘> ~". ’
7 " W V{"’ RI7? VYRRAN ) -~ Seer 'I"

P AT Tty —— /s

~ " 7 a Pallerger

L = A

Friday, 22. March, 13



Software Visualization

The use of

computer graphics [o

understand
software.

Lanza, 2010
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Few’s Gestalt Principles

1. Proximity
2. Similarity
3. Closure

4. Enclosure
5. Continuity

6. Connection

Friday, 22. March, 13



Principle of Proximity
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Principle of Similarity
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Principle of Enclosure
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Principle of Continuity
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Principle of Connection

Friday, 22. March, 13




Tufte’s 6 Information
Visualization Principles (1)

1. Tell the truth

Clear and thorough labeling, avoid
distortion

2. Show the data

Reduce unnecessary non-data
information to a bare minimum

3. Present many numbers in
small space

Use Polymetric Views, but use
them wisely
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Tufte’s 6 Information
Visualization Principles (1)

4. Help the viewer
rather than
about the methodology and
the design

Remove redundant data and
unnecessary design elements

5. Encourage the eye to

Contrast different pieces of data

Use three viewing depths: the
overall structure, detail information
and the implicit context

Friday, 22. March, 13
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Type - sting 0.5 -LastAccessed © dmet
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‘LifeTime : datetime
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RemoteFileSystem || LocalFileSystemn
0."
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export Directory
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0.1
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R Device
T -y Mardemonry oraQe
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Unified Modelling Language (UML)
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e, -Name

FleSystem

<Root : string
-Sioe :int

*Name : string jey])

Qorage Device

-RASRe i
‘R ailable : int
MrtualSize :int
“Mrtual A ailable : int

-Name  string
Type : sting
JransferRate - int
-Se it
-ro/alableSpace | it

Archtocture

-PztormType : stng
- S0P Size | int

-Instruction Set | string
+therFrocessorDescription : string

Unified Modelling Language (UML)

Operating Sy stem

Network Adapter

-Name | siing
‘Release : siring
“\ersion : string

-Name | s1ring
-IPiddress ~ sting
MTU :int
<OutboundIP - boolean
-Inbound|P : boolean

BppicationSoftuare
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isy!we RelCon Inf
Con

Xer
xero
Xero
Xero
Xerox
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Jobs :re
Recherche
/S'earch XRCE

S Search XRCE
XRCE web site
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Euclidian Cones and Hyperbolic Trees
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Jun/OpenGL

T JOpenGL 3D Grapher

File Edit Yiew Light Graph Misc

Graph on the right displays the
class hierarchy of Smalltalk

Problems:

® \/isual overload

® Colors are meaningless

® \avigation is difficult
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25854 nodes selected
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:18 nodes selected

That’s how it is supposed to look like!
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Rigi

Entity-Relationship Visualization

Allows grouping and
aggregation of entities

Problem: Still lacks of code
semantics

=

15 nodes selected
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Shrimp/Creole

http://www.thechiselgroup.org
/creole

SHriMP (Simple Hierarchical
Multi-Perspective) is a domain-
iIndependent visualization
technique.

Creole is a top-down approach
to visualize Java source code
within the Eclipse IDE.

Problem: Graph is cluttered
with irrelevant details.

Friday, 22. March, 13
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DA4Java

http://serg.aau.at/bin/view/
MartinPinzger/DA4Java

DA4Java uses nested graphs to
visualize source code in the
Eclipse IDE.

Allows to incrementally add and
filter source code information.

Combines top-down with
bottom-up analysis for insights
on overall structure and gory
details

*internal
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Jependenc nalyzer - Dependency Graph - Eclipse SDK =

8.0 ) Dependency Analyzer - Dependency Graph - Eclipse SDK

| s> Qe | A~ |E v GO F1  Dependen... 4-Plug-inD... &’Java [5SVN Repo... [ CVS Repos...
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v 18 src
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» 8 org.evolizer.dadjava.commands, filters /
» i} org.evolizer.dadjava.graph.data
» [H org.evolizer.dadjava.graph.panel
» i org.evolzer.da4java.graph.panel.edgerendere
» (5 org.evolizer.dadjava.graph.panel.images

Profiles
Available Profiles: B

= =

Metric Dimension Selectors

Node Height: ' Uniform

Node Width: ' Uniform

Node Color: | Uniform
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» & org.evolizer.dadjava.graph.panel.noderendere A
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I = o J

DA4Java in action within the Eclipse IDE
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Package
- *debug *debug
Java class — -
=) \Method call — —
EJ *JDiThread EJ"JDIDebugT.

E¥ *JDIDebugT.

*internal

E¥ *JDIThread

*core

B3 breakpoints

breakpoints breakpoints

Step 1) Add package ‘breakpoints’
Step 2) Add callers of package ‘breakpoints’
Step 3) Added method calls between classes ‘UDIDebugTarget’ and ‘dDIThread’
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Polymetric Views

http://www.inf.usi.ch/faculty/
lanza/codecrawler.html

Visualizations of a graph

enriched with (multiple) metrics.

System Complexity is a
polymetric view that shows the
classes of the system,
organized in inheritance
hierarchies.

Each class is represented by a
node.

Edges denote inheritance
relationships.

number of attributes

number of

lines of code

number of methods

Friday, 22. March, 13
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Class Blueprints

Polymetric view that shows
the internals of a class. The
class is split into 5 layers:

1. Initialization layer
2. Public interface layer

3. Private implementation
layer

4. Accessor layer

5. Attribute layer

Friday, 22. March, 13



Initialization External Interface Internal Implementation Accessors | Attributes

internal access
Access
e Regular - Constant
external .
I Attribute Invocation o :
aCCcess O\/erndmg Delegatlng
Invocations Extending - . Setter
linesI Method Abstract . Getter
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An old friend pays us a visit: ArgoUML’s ModelFacade
453 Methods - 114 Attributes - 3500 LOC - Coupled to hundreds of classes
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CodeCrawler, Runtime Visualization, Instance Collaboration View
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| variant button | ‘ bright blue stripe |
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JInsight - Visualization of an execution stack trace

Friday, 22. March, 13



adOpTProbrep
Cinded
TebConsirintsferxtor
ConshaintRaps
vindeH
Tsbinrsikemior
Asdanment;
QOCARW
InuTablen
AmuDfrabliars
TabConskaints
Teblesy
Fqualfy Sy stemPep
ConshaintSwskn
solufion
ConsinintSoloer
ObjectiveFep
Factorsiwrator
Termsiferntor
Temns

Facthor

Mchors

Temn

Objcliva
Consimint
CompoundERPRep
CompoundC EXprisA0n
ClarHen
cUaMeble
ConstaniExpRep
EHPRp
RefCounkdObject
CConstant
CEHprassion

O ] EREEENEEBE BN
o
[ W EBARE [ MERWEREN"
] | HA EER Al =N E BER
| )
8] m mm ||
3 mEm
B
= /
o T T
o @ u
B T
LT
o E N EN
EN BN
" - " "B "
"= EN 7 E
[ ] i #
wm W =M
EE =
R/ NN
¥ B § 5
Em_ = oL . % E
z ¥ g§ 2 gg 2% 23 S2%a .
= 5 A : '
TR g AR
= Y- [ . i . A85035 = Boak
P R e M R R e )
A2 I 8338386388358 38Rt 2 rAsSEAEERS32aA8

SRR

Inter-class call matrix

Friday, 22. March, 13




—volution Radar

Reference module is placed in
center.

All other modules are shown as
sectors.

For each module, all its files are
rendered as colored circles and
positioned using polar
coordinates:

d: inverse proportional to LC

©: alphabetical sorting and
uniform distribution

LC is the number of shared
commits.

© Marco D’Ambros, University of Lugano

Module3 ‘

o O
50 00 o
O O OO
O uosde O
O
O
O
o O
Module1
Module2
File f Module M

O) d « 1/LC Q

LC(M, f) = max LC(f;, f)

fieM
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\ Evolution Radar
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ArgoUML in Evolution Radar - http://www.inf.usi.ch/phd/dambros/tools/evoradar.php
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Smart Views

http://seal.ifi.uzh.ch/

Polymetric View on effort
estimation data.

Visualizes effort estimation
patterns.

Can be used to measure and
iImprove the efficiency and
effectiveness of the development
Process.

actualEffort

perfect estimate

color: analyser

estimatedEffort

underestimated

overestimated
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Smart Views: Effort View on PRs grouped and colored according to the analyzer

Friday, 22. March, 13



4 SN VY W -

- P B 1 <l ! I l 4
4449 . 4~ 4 ')
o B : l
: e e b IR |
4 + v @mﬂ?.](r ot
1l L : » nw o
& T 8 4% B =~ "
S wik Lt .- .- o
LN o BREAE 0t b - — 37 e ) >
: .'.l' “ym— i sl * 1 r{_, el v ‘is \
W r_ 1 ) - PO SO st

gn. =K Y 5 . -
I SR - —
g S iR
ot

e

About Metaphors

Friday, 22. March, 13



CodeCity

http://www.inf.usi.ch/phd/
wettel/codecity.htmi

Software systems are
visualized as interactive,
navigable 3D cities

The visible properties of the city
artifacts depict a set of chosen
software metrics
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Our city metaphor

number of methods (NOM) | height

- »  number of attributes (NOA) | base size

number of lines of code (LOC) | color .

© Richard Wettel, University of Lugano
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Our city metaphor

number of methods (NOM) | height

- »  number of attributes (NOA) | base size

number of lines of code (LOC) | color .

‘e l

| ‘ 2 ‘
\\“‘ . ‘ ‘ ‘ . :
. ' -

= e
.

ol class | building

.
* |
. \\‘.
.
L
L

package | district

y

© Richard Wettel, University of Lugano

Friday, 22. March, 13



>0Qur city metaphor

number of methods (NOM) | height

- »  number of attributes (NOA) | base size

number of lines of code (LOC) | color .

‘e l

| ‘ 2 ‘
\\“‘ . ‘ ‘ ‘ . :
. ' -

= e
.

ol class | building

.
* |
. \\‘.
.
L
L

y

package | district

L » nesting level | color

© Richard Wettel, University of Lugano
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Code city visualization

skyscraper

office building

ArgoUML |
lines 136,325 parking lot

© Richard Wettel, University of Lugano
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ModelFacade

model
LOC: 3,275
NOM: 426
NOA: 108
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IText Edipse CodeCity
C# Java Smalltalk
58 kLOC 2,871 kLOC 29 kKLOC

iText
Java
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Java
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e |
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JEdit
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C++
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© Richard Wettel, University of Lugano
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ArgoUML 1,776

Brain Class 8
FacadeMDRImpl
uml.model.mdr
. God Class 30 / bl
NOA 3 -
- God + BrainClass 6 | | JavaRecognizer
| C P P P reveng.java
arser NOM 176
. Data Class el o L NOA 79
¥y | NOM 204
NOA 85

FigNodeModelElement

uml.diagram.ui
m—— NOM 98
sl ' NOA 39
FigedgeModelElement
uml.diagram.ui
NOM 73
NOA 13

© Richard Wettel, University of Lugano
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In which house do you want to live? - Use analogies from daily life
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CocoViz

http://seal.ifi.uzh.ch/cocoviz

Provides software
comprehension support
through visualization and audio.

Objects from daily life are used
as metaphors to foster an
intuitive assessment of a
software’s structure and quality.

Incorporates static source code
metrics and evolutionary
aspects.
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CocoViz: Cognitive Glyphs

Roof (width, height)

T Number of Functions ’

Body (width, height)

-

Cyclomatic
Complexity

T >

Halstead Programm
Difficulty
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CocoViz: Cognitive Glyphs

Roof (width, height)

T Number of Functions ’

Body (width, height)

-

Cyclomatic
Complexity

T >

Halstead Programm
Difficulty
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Violent Crimes by Neighborhood

Per 100,000
Residents in
the year 2005
B <000
B 3.500-4,000
I 3,000 - 3,500
. 2500-3,
2,000 -2,
09
10-24
2549
50-74
75-99
100-149
150-209
300999
1000+

Use methods from GIS applications form SW Visualization
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Software Cartography

http://scqg.unibe.ch/codemap

Codemaps use the same
visual language as cartographic
visualizations found in an atlas.

e Population density
¢ |ndustry sectors

e weather forecast
® birth rate

e flow of trade

Lazy bon
mvw
MenuActio
- )
GraphicsGems

., NewCodepdp
gle2

gle2D e AffineT
CauHieﬁwlﬁcker _ e
L\Ims Co:k-maovgre Nizard — I:n'

IconsLayer m_nw( 620
)
Buider ShaeeAQontrY Rectan
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g ReEpla
Yack dorsAction e '
1 g » dC olorChooser
£a)
Mersew
ComputeBa@roundTask
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class A class C

class B
file size
class B
class A
class C
o

additional

~’ normal
distribution

Digital elevation model of Codemaps
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Codemap: Improving the Mental Model of Software Developers through
Cartographic Visualization. David Erni. Master's Thesis, University of Bern
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Software Cartography: A Prototype for Thematic Software Maps. Peter
Loretan, Diploma thesis, University of Bern
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Ball’s Dilemma

Software is intangible,
having no physical
shape or size.

Thomas Ball
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Ball’'s Dilemma Metrics

Metrics are a mapping of a particular
characteristic of a measured entity to
a numerical value.

Software is intangible,
having no physical

S hape or Size. They can be used to quantify aspects

of quality.

Thomas Ball Measuring software is cheap and can

be automated.

Numbers are just numbers; don’t
trust them.

They capture symptoms, not causes.

Hard for developers to deal with
them.

Inflation of measurements
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of quality.
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Ball’'s Dilemma Metrics

Metrics are a mapping of a particular
characteristic of a measured entity to
a numerical value.

Software is intangible,
having no physical
shape or size.

They can be used to quantify aspects
of quality.

Thomas Ball Measuring software is cheap and can

be automated.

Numbers are just numbers; don’t
trust them.

They capture symptoms, not causes.

Hard for developers to deal with
them.

Inflation of measurements
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