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1’000°000 lines of code

* 28 = 2 000 000 seconads
/ 3600 = 560 hours

/ 8 = (0 days

/ 20 = 3 months




Facts

x Cobol > 60% world software
x /0% of business applications

x Applications cobol handle 85%

x Cobol grows of 5 billions lines of code
oer year [eWeeks, 2001]




Counting a bit

®x 1 sheet ~ 60 lines of code

= [WoO sides ~ 120 loc




Windows NT 3.1 (1993)

x 435 MLOG

i

3./5m

Encyclopedia Britanica
(15 ed., 32 volumes)
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Business Relevance

x 1990 — 120 billons LOG In maintenance
(Ulrich, 1990) 100 km height )

x 2000 = 250 billlons LOG in maintenance
(Sommerville, 2000)

x Maintained code double every 7 years
(Muller et al., 1994)




$5S

x US Yearly cost > $70 billions (Sutherland,
1995; Edelstein, 1993)

x Nokia spent $90 millions on 2000 migration

x US Federal Gov spent $8.38 Billions over 5
yers for the 2000 migration




% maintenantce in total cost

Os début 80s fin 80s 2000s
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What”? It still exist?

®x Advanced languages (OO, AOP)
x \odern Processes (RUP, Agiles)
x Quality (CMMi)

x New Development (MDE, SOA)




One upon a time

* Un marchand de moules construit un magasin a
Dunkerque ...

-
< -
o




Il etait une fois ...

e | es affaires marchent bien

ooooooooooooooooooo



Il etait une fois ...

* VVraiment bien
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Il etait une fois ...

* Les employeés veulent un restaurant
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Il etait une fois ...

* Les directeurs, une terrasse
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Il etait une fois ...

 La lol impose une sortie de secours
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Il etait une fois ...

» La concurrence offre des goodies aux clients,
I'entreprise ... une piscine !
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Il etait une fois ...

etc ...
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| aws of software evolution

x Continuing change

® A program that is used in-a real-world environment
Must change, or become progressively less useful in
that environment.

® |ncreasing complexity

® AS a program evolves; it becomes more complex,
and extra resources are needed to preserve and
simplity Its structure.




Software Is a living entity...

® Early decisions were certainly good at that
time

x But the context changes

= SimCity 2000 - [Jul 3575 <LAKELAND> $20.000] [~ |2
B2

x Customers change

® [echnology changes

® People change

Centering Tool *PAUSED* Golo
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Maintenance = Success!!




Ve only maintain usetul
successiul software




Viaintenance 1s controlled by
external factors (SUCCESS,
laws, people...) and not
ariven by software




x Having better languages does not simplify: really
maintenance (C++, template, overriding, 0op, ....)

x Having better languages just make sure that we will
oulld richer systems




Maintenance is continuous
Development

4% Other

18% Adaptive
(new platforms or OS)

Between 50% and 80% of
global effort is spent on
“maintenance” !

18% Corrective
(fixing reported errors)

60% Perfective
(new functionality)

“Maintenance”
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= “Forward Engineering is the traditional process of moving
from high-level abstractions and logical; implementation-
Independent designs to the physical implementation of a
system.”

x “Reverse Engineering is the process of analyzing a subject
system to identify the system’s components and their
Interrelationships and create representations of the system in
another form-or at a higher:level of abstraction.”

x “Reengineering ... is the examination and alteration of a
subject system to reconstitute it in a new form and the
subsequent implementation of the new form.”
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(Goals

x System daily duties
x System assessment

x System reorganization

x Migration




RMOD

RMoD: code analysis, metamodeling, software metrics, program
understanding, program visualization, evolution analysis,

refactorings, legacy code, quality, ...

Current focus
Remodularization analyses
Reverse

Analyses

Quality models (PSA-Airfrance) Engineering

Towards semantic merge

Rule and bug assessment Representatlor/

Collaborations
Soft-VUB (Belgium), Pleiad (Chile)
UFMG (Brazil), SCG (Swiss), LIRMM

lrrzia —~
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Transformations

(I

Evolution =




One picture is worth one thousand
words Zay

Which one?

How could it be that simple?

lrrzia —~
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-~

lr

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~

Monday, November 5, 12




Visualization principles in 3 min

® Preattentive visualization (unconscious < 200ms)
® Gestalt principles (from 1912)

e /0% of our sensors are dedicated to vision

nser, zen, nvoker

63 8 e

LT

il medel
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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)

40
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Color / intensity

Tudor Girba

41




Position
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Form / Orientation




Form / Line length
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Form / Line width
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Form / Size




Form / Shapes




Form / Added marks
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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!?

51
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Principle of Proximity

ooooooooooooooooooo



Principle of Similarity

ooooooooooooooooooo



Principle of Similarity

ooooooooooooooooooo



Principle of Enclosure

ooooooooooooooooooo



Principle of Enclosure
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Principle of Closure
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Principle of connectivity

7o b0




Principle of connectivity
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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

[

ooooooooooooooooooo



and create a Distribution Map.

Packages Properties

ﬂﬂ

== N
0l Bl B
o

ooooooooooooooooooo



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

®x How to modularize a system:?
x \Vhere are the cycles?

x \\What produce cycles?

x \Where are the layers




Graph you said!?
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Graph you said!?
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Graph you said!?
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Building a DSM
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Building a DSM

A B CD

A B C D

C{1[0|0]|1
D{O|O0|1]|O0

~

S.Ducasse




Building a DSM
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/ Packages visualization

| cell = | dependency
| column = used packages
| line = using packages
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/ Packages visualization
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/ Packages visualization

| cell = | dependency
| column = used packages
| line = using packages
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/ Packages visualization

| cell = | dependency
| column = used packages
| line = using packages
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/ Packages visualization
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ldentify cycles

S.Ducasse
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R b T1=
R-75-8% $-1
.l‘:”'
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R-155-1%5
T 2« T.2« T 6«
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entify cycles

S.Ducasse

T.2»
R-15-1

Tdr
R-25-2

Tdr
B-25-2

T 3= TisI-1
R-3 R-215-49 |
T.3=
R-28-1 __ |
Tl= T.7» T:6= ) ¢
R-1 R-45-3 B-35-3
T:51= T2 T:2»
R+ 29%- 232 K-185-1 R-185-1
Tdr T T 3 T:3=
R-28-2 | R-10 B+ () u-:s-z_\
R b T1=
R-75-8%
.l‘:30'
R-15%-15
T2« T2« T bs
R-18-1
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ldentify cycles

T.2»
R-15-1

Tdr
R-25-2

Tdr
B-25-2

S.Ducasse

N\
T 3= T2l
R-3 R-215-49 |
T.3=
R-25-1 _ |
Tl T &» T.7»
R- R-45-4 R-45-3
T35 T2 T:2» 1
- fos-22 K-185-1 R-185-1 R-ip-1
Tdr T T - T:3=
R-25-2 | k10 B - () R-15-2
R b T
R-75-8% $-1
N\
T:30»
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T2« T2« T 6
R-18-1
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ldentify cycles

N\
T 3= T2l
R-3 R-215-49 |
T.3=
R-25-1 _ |
T2 Tl T &» T.7»
R-15-1 R- R-45-4 R-45-3
Tdr ) B T2 T:2» 1
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Causes and distribution

‘?1=I-1
R- 215- 49

S.Ducasse 74
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Causes and distribution

S.Ducasse 74

?1=1-1
R- 215- 49

= i
\:
7




D: two classes referring
each other

F: candidate for direct
cycle fix

E: high % of source

: candidate for ; I incoming funnel
direct cycle :

fix B ‘

G: invocations

B: complex cycle
B: complex cycle

E: high % of target
impacted
Dw
: H: inheritance
C: accesses : + other
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Challenges

x How to help taking the right decision’?

x \What are possible futures impact of a change?




Orion

x Supporting multiple versions of analyzed projects

x  Applying analyses on different modifications




Challenges

x How can we help merging?

x \What is the impact of a change?




How to support merging branches?

En

l

Git

lrozia—
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Etm_.r s4.0

Etm_.r $3.0

Phar 14 Squeak 4.3

T Dp-eﬂwk
Phar 1u RO k 4.1
Squea Cuis 3.3
"‘- Qwak [

IextEdna t
Cuis 3.0

Cuis 1.0

Squeak 3. 10 S~

Squeak 3.9

Squeak 3.8

i

N

Squeak 3.7

Squeak 3.6

Forks

Manual tasks
are needed

Dependencies
between changes

Integrator is not
the author of the
changes

No guarantee that
the system will
work




Torch: Which changes?
Where? Who”? What?

System-Object Sterage
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A set of changes, involving:




Torch: Which changes?
Where? Who”? What?

A set of changes, involving:
S packages,
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Torch: Which changes?

Where? Who? What?

TQDCEDQDDCEDQDCC:QDUC

Kernel '1' N\
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A set of changes, involving:
S packages,
9 classes,




Torch: Which changes?
Where? Who”? What?

System-Object Storage
101
S |
] System-Sepport
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A set of changes, involving:
S packages,
9 classes,
~40 methods

PointerFinder
L 1 1 1 1 11 1

class method {utilities} AndyKellens 6/11/201014:33

pointersTo: anObject
self deprecated: 'Use ProtoObject>>pointersTo instea

"Find all occurrences in the system of pointers to the a
"(PointerFinder pointersTo: Browser) inspect.”

~ self pointersTo: anObject except: #()

”~

lrrzia—

Monday, November 5, 12




Streams of Changes:
On what other changes does this change depend?

successive
versions

|

characterization
of dependencies
and deltas
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dependency
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Challenges

x How can we abstract from-details but still access them
and scale?

x FAMIX (language independent metamodel)
x OMG AST meta model




Vlaintenance Is important

x Nttp://rmod.lille.inria.dr

= Nitp://WwWw.Synectigue.eu



http://rmod.lille.inria.fr
http://rmod.lille.inria.fr
http://www.synectique.eu
http://www.synectique.eu

