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Working on more than program

visualization...
Code analysis Traits: orthogonal inheritance
Software metrics Modules
Quality model Class extension scoping

Program isolation
Component model
Reflective programming

Dynamic analysis
Refactorings

Software remodularisation
Cycle and layer identification
Tool building

Rules

Changes characterisation
Architecture extraction
Mining software repositories
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How large is your project?

1’000°000 lines of code
*72 =2°000’000 seconds
[ 3600 = 560 hours
/ 8 = 70 days
/ 20 = 3 months

”~

lreia
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Where are located the classes
containing most of the bugs?

lrrzia —
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One picture is worth one thousand
words Zay

Which one?

How could it be that simple?

lrrzia —~
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Program visualization is difficult

Limited number of colors: 12
Blur and color emergence
Limited screen size

Limited context, edges crossing

Limited short-term memory (three to nine)

Difficult to remember too many symbols/semantics

Culture, Colorblind

”~

LA~

Friday, Jun

e 15,12




Visualization principles in 3 min

® Preattentive visualization (unconscious < 200ms)

® Gestalt principles (from 1912)

e /0% of our sensors are dedicated to vision

e ==
= PR R s e
—=iranaee e S |

nser, zen, nvoker

63 8 e

8 e 9 9 9
g

4

hie wus | schems

% 88 g gy e

schems
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How many 5?7
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How many 5?7
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Preattentive attributes

Color intensity

Form: orientation, line length, line width, size, shape,
added marks, enclosure

Spatial position (2D location)
Motion (flicker)

12
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Color / intensity

Tudor Girba

13




Position
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Form / Orientation




Form / Line length
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Form / Line width

Friday, June 15, 12



Form / Size




Form / Shapes




Form / Added marks




Form / Enclosure
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Context




Gestalt Principles of Visual
Perception

Back in 1912, from the Gestalt School of psychology
Still stand today

Gestalt means patterns

How do we perceive pattern, form, and organization!?

23
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Principle of Proximity
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Principle of Similarity
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Principle of Similarity




Principle of Enclosure
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Principle of Enclosure
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Principle of Closure




Principle of connectivity
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Principle of connectivity
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Our constraints A S

Lot of existing and advanced solution
ICPC is full of them
HEB

Plenty of works on information visualization

Simple but not simplistic
Ideally, solutions that an engineer could reproduce In a

couple of days

-~

lrrzia—
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Understanding large systems

* Understanding code is difficult!
» Systems are large

» Code is abstract

* Should | really convinced you?

Some existing approaches
-Metrics: you often get meaningless results once combined
-Visualization: often beautiful but with little meaning

* Polymetric view is an idea of M. Lanza [WCRE, TSE]

Friday, June 15, 12



Polymetric views show up to 5 metrics.

Width metric
D e

Height metric

Position metrics ‘
—

Color
metric

Friday, June 15, 12



System Complexity shows class hierarchies.

M&% J 'l"'fll"”'

attributes
< >

f

methods lines

v
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Polymetric views condense information

To get a feel of the inheritance
semantics: adding vs. reusing

2" Classes+Inheritance
W: # of Added Methods

H: # of Overridden Methods
C: # of Method Extended

° methods
LOC
_ # statements
O # parameters

S.Ducasse 36
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Understanding Classes: Easier?

* Public and non public methods
* No predefined reading order
* Inheritance

[

i

« Class blueprint is an idea of M. Lanza [OOPSLA]
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Class Blueprint shows class internals.

Initialize Interface Internal Accessor Attribute
\\ . | -

invocation and access direction

>
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Class Blueprint shows class internals.
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How properties spread on a system?

* Where author X worked?”?
 What are the classes under development the last two

weeks?

inte.. plugi serv.. serv.. ejb deploy.. tyrex Serv.. securi rmi invocation prox local haming metadata
2] =) 2] (2] (sm= (2 (2= (2] (rmmm) 2
oono
'dbc web tm serv.. e'b Iuins util 'ndi Ioi xml comil.. han.. alorit.. timer

* Distribution Map [ICSM]

invalid  brid.. event notificati.. con.. serv.. lock monitor strateqy verify asp.. interce.. Spi nbio _jmx client entit
moo
ooo
OEE

coj bridge jdbc ejbgl metadata bridge hilo  uuid eijb key..

@HE el Sl

-~

lrrzia—~
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We take any two partitions, and

Packages Properties

1]
== N

[




and create a Distribution Map.

Packages Properties

ﬂﬂ

== N
0l Bl B
o




Step 1 — for each package draw a rectangle

algoritm aspect bridge bridge bridge client compiler  connecti.. copy deploym.. ejb ejb ejb
ejbal ejbgl entity event handler hilo interaction _intercept invalid _ invocation idbc jdbc imx
indi keygen local lock logqi metadata metadata monitor naming nbio notificati.. plugi plugins
proxy rmi security server server server server server spi strategy timer tm tyrex
util uuid verify web xml
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Step 2 — populate packages with classes

algorit.. asp.. brid.. bridge bridge client compil.. con.. copy deploy.. eib eib eib ejbg|
000 Fﬁ Iﬁ Oooo0o -EIIZIEI oooao| [ooo] [oo] [oooo ‘E]EIE] oooo| [ooooooo] [ooo] [ooooooooo
Qoo (oo (O Qooa) (OO0 (oaod) (o) (ad) (gooo) (oo OO0 jooodaod)] (Ood) (oodododn
O O0ogd Oang 04 O0O0O0 a4d OO0O00000)| (OO0 (OOooOoOogooo
OO00O00O0On OOooOooooono
O00O00 OOoo0Oo0Ooooo
OOooOobooooo
eibal entity event han.. _hilo  inte.. interce.. _invalid invocation jdbe jdbc jmx indi_ key..
O0O00O00|( (OO0O00O0)| (OO (Oa) (| (OO \OO0)| (OO0 (OO00O00O) ([ooooooooaa) ([ooaoy ool (og) (oo
O0O0O0O0O (OOOooO)| (OO (Oaf (& OOy (b0 O00) (O000O0O) |[DOooOooooaoa) (ool (O ooy (o
O0O0O00|( (o000 a0 OO000| (OO0OO0O0OooOoq)| (4
Hjmn 0l Ooooooooan
OO00Oo00o00oan
oo
local lock loagi metadata metadata monitor namin nbio  notificati.. plugi plugins proxy rmi
OO0 (o000 O0O0000| ([OO0000a0| (O00)| (Oaol (oa) (Ooooo OO00O000000) (OO0 (000
oo (oot Oooooog (poboooo) (oo (oo o oo (OO (jbaouoooog) jgody jgo
OoooO| (OO0 OO000o00) ([OoOodgodoonO) (ad mjmin 0O OOooOoOodoad
oo [ pooo gooogaod
O0O0000000d
goaupoaoaogd
security SEeryv.. Serv.. Serv.. Serv.. Serv.. spi strateqy timer tm tyrey util uuid  verify web xml
QoOoooa) (Od) (OO (OO [oa) (Od] (000 (000 (00O, jgaday (ool (Oooo) (OO j(aoa) (jaday (oo
O0O0o0ono| (O OO |00 (a0 (& O0o0O| (00 000 (OOO0) (OO OoO) (0] (O O0o0) (00O
ooon L] L0 ]

Friday, June

15,12




Step 3 — color the classes by property

algorit.. asp.. brid.. bridge bridge client compil.. con.. copy deploy.. ejb ejb ejbgl
e [oo| (momo EEEE ‘EIII O DD  EEEEEEEEE
BR[O AR EEEE BN (1] O EERCEEREERN
B EEEN O O EEEEEEREERN
(1] EEEEEEEEDE
O EEEEEEEEDE
EEEEEERERN
ejbal entity event han.. hilo_  inte interce.. _invalid invocation jdbc jdbc jmx indi key..
HEOEER| (OO0 (OW) (OO (AR EER| D08 I OD0SEE EERfO000CRO| |EeE| EAO] (AE| B2
ERRRENR| (OO (B8] (E BN EE OO0 IENEER| (OCONEERCECOR) (OC00N)| (= BHE| B
COCHEN HE ORCEHO0) IR EEEEEEE (O
a0 EEEEEERERT]
OdONEEERERCE
EEEEN
local lock loggi metadata metadata monitor namin nbio  notificati.. plugi plugins roxy rmi
oom| [ODom ﬁ SEEEETE mEo| (oo DOEE DOoOOoOoooO |_EEIII EEE
COmE| OO0 EEEERN O00) | mEe BEECOE (OO NEEN| EOHE| B8
EREN| (00 fANEREN COE HEER O EEEEEEER
BERCOCOE EEEEEEEN
HEEERCEEE
EOEECONENEC
security Serv.. Serv.. Serv.. Serv.. Serv.. spi strategy timer tm tyrex util uuid  verify web
CNCEE| (OO (mE| (RE R (O8] BEE| (B008) D00 |O00N| EER| (OB (OO (B8] |[EEN
CCMEEm| ([ N ER (O (W BEEN BE OEE| (BEOC0W| (WE BEE| (O] (B8 OEQ
EREEN O Om O
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Step 4 — sort packages by content

inte.. lugi serv.. serv.. eib deploy.. tyrex serv.. security rmi invocation proxy local naming metadata
HE BN BN BN OCONE O SN N (CeeN EEE O0EE O OO DO O0O0E0d.
HEE BN BN BN EEEE BN O O |ICNEEN| (OB OEEEE ECOO) IO AN EEEEEEN
N EEEDE ORCEO EEE EOO ERCOERCOERO
a0 OOmO
jdbc web tm serv.. ejb plugins util jndi_ leggi _xml compil.. han.. algorit.. timer
ONE| OEE D008 (DB |(DOBOBEEO0O| | O0000C000| |EeE| (AN EED| | DE| O0E| O OO0 |EOE
OCm| |[O80| |O008 |H CONEEEN| ((ODOOdOAEENE ERE| BE| (= B8 [HEEE| |00 ([B00) (B8A
£ &= EERCOCOCOCD FEEEEEEE (O EHE O O
OOOREOCO80|  AEEEEEEN
OOECOE HBORRCEBEE
BEOEEOENEO
invalid  brid.. event notificati.. con.. serv.. lock monitor strate verify asp.. interce.. spi nbio client entity
O00| (00| B0 (E0EE OO0 |jD0Em| |[E00| (D08 D0 (A (DR DEE|) |OF ERCOO ( MONEN
OE8| |8 00|  EEO0E L] Ood] (B008] (B8 = EE| EHE EEE| = O0C00( | NTEEEE
B8 B8 O8O (OB EON OdEnn
copy bridge jdbc ejbgl metadata bridge hilo uuid eibgl
EEEE OER ORRCOCCOC0OCED)| SEEEEEEER OOOOOOf mOmc| (OO 868 EEEEE
EEEE EEE| OOEEEECECE EEEfEEEEE EEEEEE ((/EEE O OO0 EEEEE
EEEE EEEEEEEEEN EEEEEEEEN ((DEEEE mOO EEEEE
AEEEEEEEENE | A EEEEEEEE EOECICO HEE
Od0NEEEERCES) A EEEEEEEn
EEEEN EEEEEEEEN

Sorting with dendrogram seriation.
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Step 5 — sort classes by properties

inte.. lugi serv.. serv.. ejb deploy.. tyrex Serv.. security rmi invocation roxy local namin metadata
BN BN NN EE EFEEE N e AN EEEEN S EEEEE e e e OEEEEEm
BN BN N R FEEE EC O O (HEEER (B0 ERERECOO BO00) (HEE ERCO ETEEEEEN
= WmOoo minininin OO0 B0 |(B0EB8aaa
O/ OO0 08
jdbc web tm serv.. eib plugins util indi_  loggi _xml compil.. han.. algorit.. timer
EEE EROD EEESO EEEEENEE EEEEEEEN EEE BN O | DE) | DOOE| EmO| (D00 BOO
O8O0 (o008 (O0ofa ERDDDDED| P EEEEEER ODOE| |B@E) (3 BE| [BEERE| (B0 (BE080) (B8O
[ =8 SO0C0000 | NEEEEREN (O EE O ]
OO000000 I nEEEEEEE
OOB8A OO0000O000
O0O000B 38
invalid  brid.. event notificati.. con.. serv.. lock monitor strate verify asp.. interce.. spi nbio imx client entity
OO0 |[O0) D0 | DEEE| (EE| (OO (MO0 (D00 (D08 (D0 (| | DER| | el (DN (ER| | OO0O00| (AEEEE
O88| (B 00| B8 (B8] |0 OO (O08| (28 O Bl |[HE EEE (= O OO0 ( NEEEE
00 00 O00| (B8 BHEE HECC
ejbgl metadata bridge hilo uuid eib key.. ejbal
EEEEEEEEN EEER (OO0 (00 SRR DR PEEEE
EEEEEEEEN ERCO) (O OO |[HEE| (B EEEEE
EEEEEEEEN OO8s == B EEEEE
EEEEEEEEN EHEE
EEEEEEEEN
EEEEEEERDO
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How to understand changes

» Torch is the work of V. Uquillas-Gomez
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How to understand changes

sls Lhanges between
¥ Q@ WorldState class
€ mostUsedToolsOn:
» @ Menulcons class
¥ @ LogoimageMorph class
R defaultLogoContents
¥ X NewTextMorphTests
& keyboardEvent
K testacceptContents
K testClassDefintionMorphCreation
K testCreation

K restRttngToParagraph

K restMethodMorphCreation

XK testParagraphallignment

K testParagraphallignmentWhenMo

* Torch is the work of V. Uquillas-Gomez
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How to understand changes

¥ @ WorldState class
€ mostUsedToolsOn:
» @ Menulcons class
¥ @ LogoimageMorph class
R defaultLogoContents
¥ ¥ NewTextMorphTests
& keyboardEvent
K testacceptContents
K testClassDefintionMorphCreation
K testCreation
K restRttngToParagraph
K restMethodMorphCreation
XK testParagraphallignment
XK testParagraphallignment

* Torch is the work of V. Uquillas-Gomez

S TisedToalson . alvilder
w3t | e
(sbullider growp: ®ostinedToclis)
witThbegaratarafter;
ordar: &
with: |
Calbuilder dtem: ¢ Syuten Broweer ') action: (ToolSet default cpenClasslrowner]; Loon: Browser
Tahbarices
Cauiider 1ten: Pworhapate] sction: [TealSet defanlt cpesorhspaie]l; Lcon: Merkspace Lanbbaricen

Saalicalk globals ot sleathanser SfPvesent: [ iclass |
(o0ellnr Lren: 7 T0stl Banter ) aitien; [2aalnet default spentestiunnar | foen: class

torhbarices

i

Calbodlder doemi o fout Busmar’ ) action: [ToelSet defasit opeafesthunner ] Loon. Testhannar
Lashharices

Cobuilder 1tem: ¢ Morticelie Browser’) sction: [ToolSet defanit cpetontsceliclrommer); ioom
MOcrbingCopy@rowner taskbarloon)
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» Packages (32)
» Methods (1646) [¢ 25| [.” 8| [= 39| ' o
¥ Variables (157) (= 1¢]

© additions: 9

O removals: 18

—— | ——0 poo
2333322 CLLTTT \5_53----- - o

chsmethod Protocol: instance creation  Author: HennkSperrejohansen
buildDisplayPatchFrom: sourceText to: destinationText

~(self from: sourceText to: destinationText) buildDisplayPatch
buildDisplayPatchFrom: srcString to: dstString

“(self from: srcString to: dstString) bulldDisplayPatch

@ PrettyTextDiffBuilder
v @ TextDiffBuilder
e attnbutesof' [z]

0 buillespIayPatcthm to: [«
@ buildDisplayPatchFrom:to:in(
@ buildDisplayPatchFrom:to:in(
@ buildPatchSequence [i]

) buildreferenceMap [7]

O collectRunFrom:startingWith:
© destString: [7]

O detectsShiftedRuns [7]

© findMatches (7]

O formatLine: [7]
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Package Structure

System-FAicPackage

unchanged
classes

inheritance
(intra-package)

TextoirtBunger [ ]

DAL DD DA
BBBDDDA
W N

Twoleverset []

PN
CL DL T ]

RN

changed instance variables

modified method body

added comment

|

modified

ClassDiffguiser [__| | | CodeDimButiger [_]
C ] N \
-

classes

Diffelement ||

O NN
2 1 1 0 ] ] |

TwoleveiDictionary [

added class

removed classes

a package which is modified

\
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Marphic-Basic
— Sy 00200000 el
. i [ ] ] |
Kemnmel-Processes
= o B D T D

Graphics-Display Objects

------------

......

Graphics-Primitives

Pen []
PN
.
..

.................

PenPointRecorder [ ]

PN
o

------------------------------

Friday, June 15, 12



Removmg a feature (I)

------------

erHHn

t.ll RETRITEE IR ::

Graphics-Display Objects Graphics-Primitives
* | DummySuperciassOfColorPickerMorph | = - el EE L ro =-I-= [ ) -
:.." .... . :... Pen D x‘:.i Seeeel Bomned
AAL
L 1 il P 1 1]
ST T

.....

removed method clients

Removed Pen and PenPomtRecorder

%

LT
IIII removed Pen &
PenPointRecorder

vmnmumMqu‘////

PN
e

),

e — e
56
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Introducing a feature

— = — E — = ==~ ==

ToolBullder-Kernel

PSUIManager fiadd Ll Lo

ll\

N

providing access to
the new feature

\

Polymorph - Widgets Windows Tools-Browser

«—

modified to|use the
new user interface

57
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Editing comments

NetworkTests-RFC822 NetworkTests-Url CollectionsTests-Streams
MalAddressParserTest [ ] urmest [] Base64MimeConvertertest [ ]| | ReaawriteStreamTest [ ]
KermnelTests-Objects Tests-Digital Signatures KemnmelTests-Classes
UndefinedOblectTest [ ]| | Protoobjectiest []| | FatseTest [] BooleanTest [ ] SecureHashAigorithmTest [] ClassDescriptiontest []
Tools-Process Browser CollectionsTests-Arrayed GraphlcsTests-PFrimitives Flles-System Multilingual-Display
CPUWatcher [] Arrayrest [] PointTest [ ] TicFont [ ]
StandardSourceRileArray [ ]| || oAb
CollectionsTests-Text CollectionsTests-Splitjoin
Symboltest [] WidestringTest [ ]| | StringTest [] Characterfest [] SplitjoinTest
Kernel-Fraocesses DeprecatedPreferences-Core NetworkTests-URI Tools-Browser
ProcessorScheduler | | Delay [] Preferences st TestURI MethodFinder []
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Lessons learned

* Program visualization is difficult

» Squares and little symbols are just squares and little
symbols

» Glancing at code is still efficient
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Omnipresent code + visualization is
excellent

systemNavigation lg———modified class scope, protocol and author of method
method showing method diff as a fly-by-help
addition and removal
instance method  Protocol: browse  Author: AndyKellens /

browseAllObjectReferencesTo: anObject except: objectsToExclude ifNone: aBlock
“Bring up a list inspector on the objects that point to anObject.
If there are none, then evaluate aBlock on anObject. *

| aList shortName |

alist := anObject pointersToExcept: objectsToExclude,

alList := PointerFinder pointersTo: anObject except: objectsToExclude.

alist size > 0 ifFalse: [ “aBlock value: anObject].

shortName := (anObject name ifNil: [anObject printString]) contractTo: 20.
aList inspectWithLabel: 'Objects pointing to ', shortName
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MergeTrace
Reflection 2% Object g Layers Traits

o
LSAspects & 3 & analysis S, E\’OI“I'IO“
S Information © wT s@Q Vi
Repositories Code £ = 1001 Dependency 5

. omm € g E lati
Understanding g 6 & uglcifgsukaeelggineerin

= O Q
°-'°E$oftwarea’, g 1°) Models
w Class | Scriptingaf,'i B o >
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