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Wide product and technology range

/Z Industrial Sensors \ / Advanced Industrial \
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DARPA: Urban/Grand Challenge, Google SV SlCK

N =l
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Traffic and Luggage Control r
o v
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Introduction: SICK

Levels of Static Analysis
— Code, Design, Architectural
— Examples




Possible levels of Static Analysis: SICK

Goal: find, avoid Problems, Increase QA (and measure it)

Micro -Level
— Code
— e.g: = =={},
Macro -Level
— Class-Design
— e.g: by reference, String concat, Exception-Handling

Architecture -Level:
— Layers, Graphs, Subsystems, Compoments, Interfaces
— e.g: Coupling, Dependency, etc...

Tool-support for each level...
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Micro-Level / Code: SICK

Language itself

— Appendix F/ANSI or G/ISO
» Unspecified behaviour

Developing
Software for

« Undefined behaviour i
* Implementation-defined behaviour Safety-criical
Systems
* Locale-specific behaviour ;
Usage of Language L
Hatton
— Misplacement

— Omission and Addition MISRA-C: 2004
Guidelines

— Unexpected behaviour for the use

. of the
— Complexity C languai

in critical
systems

AN
TN
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Macro-Level: Design + Coding Guidelines SlCK

Effectwe C++

4
g

Scott Meyers, Consulting Editor

_ fﬁecz‘zve C

50 Specific Ways to Improve Your C#

1084 AJTSIM-NOSIAay

Effective Java

Programmlng Language Guide C++ Coding Standards

101 Rules, Guidelines, and Eest Practices

The lnva" Seriec 590x606 4 ) Herb Sutter
Conforn e e Andrei Alexandrescu
new IS( 'y ’
Ca+ std |

C++ In-Depth Series + Bjarne Stroustrup
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Tool Example Java: findbugs SICK

=10l x|

& FindBugs - < <unnamed project=>

Datei Ansicht Einstellungen  Hilfe

- 3 Eq: Covariant equalsd (1)

- 3 HE: Equal objects must have equal hashcodes (4)
@ 3% 152 Inconsistent synchronization {19

o 3K LI Lnsynchronized Lazy Initialization (1)

@ 3 MF: Masked Field ()

@ 3 MS: Mutable static field 0y

@ 3 NN Naked natify in method (3

@ 3 NP Rull painter dereference (13

o 3 RO Suspicious reference camparisan (1)

- 3 SBESC: String concatenation in loop using + operatar (10)
@ 3 SIC: Inner class could be made static 23

@ 3 Se: Incorrect definition of Serializable class 12

@ 3 Snvl: Serializable class with no Version 1D r3a)
T W [ 1T el T I PR T Y

Field should be package protected

A tratable static field could be changed by malicious code or by accident. The field could be made package protected to avoid this
vulnerability,

. UNIVERSITY OF
FindBugs - hitpifindbugs.sourceforge. netl @ MﬂRMND
- Erosi on
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Software, Architecture, Erosion

Bernhard Merkle ,Stop the Software Architecture Erosi on
ACCU 2009 Page: 10



Software-Architecture: Definitions

IEEE 1471-2000:
— The fundamental organization of a system,
— embodied in its components,
— their relationship to each other and the environment,

— and the principles governing its design and evolution.

Kruchten: captured in two documents:
— Software Architecture Document
— Software Design Guidelines

SICK
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Architecture Erosion ALWAYS happens S|CK

— Time pressure leads to abbreviations,
which are not replaced later by clean solutions

— Prototypes become products
— Hacks . Architectural restrictions are ignored or worked around

— Lack of understanding the “should architecture”
leading to extensions and maodification which obey
only micro- and macro architecture. (e.g. outsourcing)

— It is impossible to detect manually  architectural violations
In a nontrivilal software system
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Architectural Erosion SICK

“Sometimes the developers manage to
maintain this purity of design through the
Initial development and into the first release.

More often something goes wrong.The
software starts to rot like a piece of bad meat”.

Uncle Bob: “Agile Software Development”
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Architecture Analysis SICK

STATIC Analysis Approach
— well known (lint like)
— Reflection, LoadLibrary

With Tool support

— Pro:
e automatic, consistent,
e rule enforcement
» Bad smell detection
e Metrics to measure

— Cons:

* no external Quality
 Amount of messages

— The Pro is much stronger compared with Code-Lints !!!
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Consistency-Analysis SICK

Requirements

ZArchitecture: J

y

System SHOULD be: maintainable, easy to understand, extensible, independent

*Model Dependencies
*Model Interfaces
Should- | ‘Model Subsystems

Architecture \

“Diff_”
Architecture
Is- *Violations
Architecturel| *Dependencies as exist *Conformance
*Interfaces / Usage as exist

*Subsystems

Existing Code

System IS: ... ©
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Displaying results: SICK

Graphical and/or numerical

8 loader 3 liskener
! ! Dependency graph: org,apache.tools, ant
2 wa
| ' o Tengeofs
Tangle of B
(22 filkers EEE@@@E@EE
i R R e 5 ®F 2 T g £ F 5 & 3
s § 823 g%
2 “F i ] = [T i i [y
- 57 ) = E = ] =
&~ Pt an : = e
[ taskdefs et :
e 2 AU - S |
e T 1 !
[ i T :
E o 1 I
£ 2170 i |
] ! i 2 loader
'l il |
E i i ! 2 liskener
'l i &6
i 1. i dispateh HEEEEERN
't i |
E a7 i ! [ Filcers
| |
| 8 dispatch a5 : [ taskdefs
I— - =4 11 4
i ; (2 bypes
1
1
| 2 helper
1
1
' (=5 wtil
B2 ant

it e HEEIRNED
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Rating of Architecture SICK

— JDK 1.5:... 1315 classes in 229 packages all depend on each other !!!
— classes.zip, rt.jar (BIG BALL OF ... ;-)
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Still managable ? SICK

l

.
‘;,,..
' 7\

C
e !n?‘~

T W
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Monitoring changes, trends (QA) SICK

Level Subsystem, Package, File, Class, Operation etc.

— New artefacts
— New dependencies
— New Architecture violations

Early, betimes correction of viloations

Monitoring
— Trendreports
— “outsourcing” projects
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Tools for Architecture-Analysis SICK

Products:

— Sotograph
— Bauhaus
— StructurelOl

— SonarJ
— Lattix
— Klocwork K7

— Others: Semmlecode, CodeCrawler, SeeSoft, XRadar,...

Podcast: http://se-radio.net/podcast/2008-10/episod  e-115-architecture-analysis
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Basic Approaches SICK

Basic approaches
_ YO u r makeSySte m e & Inclusion and Exclusion Patterns
— M ake d e p en d , J d e p en d Inclusion and Exclusion Patterns
fdd or remove inclusion and exclusion patkerns ko source Folder
— RE code into UML model
. . Inclusion patterns:
— Eclipse (Java Build Path) aci...

Add Mulkiple. ..

£

Edit, ..

i

Remove
& Add Exclusion Pattern x| S o

Enker a pattern for excluding files from the source Folder, Allowed wildcards are ',
7 and ¥, Examples: ‘javafutilfa® java’, Javautilf’, #F i Test*,

Exclusion pattern (Path relative to 'CodeGen (g)fsrc' aele Mz,

| | Browse, .. | Edit. ..

I
|

Remaove

I’ ':?:. a4 I Cancel |

(7 Firish | Cancel |
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Sotograph: Overview SICK

=T

VERY powerfull

Infos via Table + Graph
Strong layout algorithms
Known since 2003
Mysql DB, open schema
GUI Client, Web Report
elv] About 200+ Metrics

=] s | e | Arbitrary User queries

subRefin subRefed errarkind coun H
S T — » Trend Analysis
su SF.remoting f::.J SF.webrive LP'WARD 2 . .
S e . b * Virtual Refactoring
S |SF . kransackion SU|SF.jndi UPWARD =3
» Java, C++, C#, source parser
"2,
e ApplicationAndPlugin Application AndPlugin ;
0] Sevioes Ao  SotoArch since 2007
@ |Controller Controller
[ Entities ‘Entities
=[] ApplicationUtils ApplicationUtils
[ 1 BasicUtils BasicUtils
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Sotograph S|CK

R T H;.;.'“

Eclipse, Developer Studio, | e
ltraEdit, Emacs,... it L

AMEL jam bt i i Mnubﬁ!\.
5 nlé-hlalﬂrqu-_':ﬂnu-ﬂin Dy i
npmqam Fﬁnnmq nu*uh:uﬂ- 1.&:1:._1

Y

Checkstyle,
PC Liny..
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Axivion Bauhaus Suite SICK

Axivion Bauhaus Suite Scripting Add-On

User Interface User Interface Skripting
Access to the Analyses' Results Advanced Access, e.g. for
(Interactive GUI and Reporting) automated HTML-Reports

Analysis Fact Base Coarse Grained Scripting
Architecture (Graphbased) « additional individual analysis facilities
Visualization .
* metrics, stylechecks

Architecture S _
Validation « embedding into environment
[ ]

Resour ce Flow .
Interface Analysis Graph

Cycles, Dominance
Metrics, Stylechecks
Clone Detection

Attributed Fine Grained Scripting

§E§;?fée ] . individu_al stylechecks and metrics on the
syntactic level

Source Code y  External Information Sources,
C, C++, Java, Ada/B, Cobol Application, Reports etc.
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Axivion Bauhaus Suite

—— Mome/eisenbis/bauhaus/bauhaus-tools/exampleMb/liste |
" C_nrl(eptual —HIERAR| ' 1 - HIER 4’ umEkIs‘Evn ts/bauhaus/bauhaus-teols/example/lib/ist.c
ListEntry *prev ; @REeptExtent
ConceptIntent
if (entry == entry->list->first) {
- /* first entry in chain */
T CONTROL F entry->list->first = entry->next ; H Entry
}else d . ListD: Entry
e =4 @%’Eﬂzal
/LY 5
= ) [Etsubset
] DOMAIN\/' setEqual
| . | T
‘ T/ Al _tre
- . . arrofl
i /home/eisenbts/bauhaus/bauhaus-tool [s/example/l ib/hash.c ArrowMeetSuy
Attributes
| HashEntry *prev ; eck
" if (#entry-sbucket == entry) { lex [ |
/* first entry in bucket */ setH
*entry-sbucket = entry snext ;
i ¥ v
- - 7 }oelse |
juriLs |uTiLs \
- ! A
™ \HASHTABLE ™iSET BLzst = HASHTABLE "25ET TILIST r
u u Bulod
i
Eile Edit Select View Image Layer Tools Dialag ” FFRatehrray e
- sigtorap
S0 B8 B0 9%, 18 Arrovliect
el [1] o
E! s @ P SRV B el Cles [z, 2= AP Ds|
3 L rarmt abe et v azan - 15 Aecwasza mimhar of et |internals |
e
3 . . . . 1 Details
3 "Wk Architectural Validation Clone Detection T
FE L Module
LE Yot ¥ finicaad Too | m T Arrowlomt oncepts Routine
El ,pv,fi,‘,“,ﬂz'a,w.w_ =00 | I I I lib L[ ArrowMaps Routine
= S i 00 200 a0.0 50.0 = 1 ArrowFindMeet Routine
EEl o i Metric MeGabe_Complexity XIVI on — ArrowFindjoin Routine
Ll el 1% i I ArrowCmpAtrConcepts  Routine
= | [ B 0 500 1000 150 1200 00 500 100.0150.0200,05¢ L B Arrowmeet Routine
2 oo B soo0 T eno0 o fTTT T T - Arrowjoin Routine
o e oo E e EEE au aus LB ArrowMeetConcepts Routine
3 heremm il g £e00 | |- [ ArrowCreateArray Routine
i Fo00 | 4 s000 Ds0o B . I ArrowjoinSubconcepts Routine
! £ F E £ E &.“te 1 ArrowMeetSuperconcepts Routine
i £00.0 B [ 3 w B relation Module
HETE 1000 | 3 1000 T%00 F * [ RelObj Routine
B — =00 B - Relatr Routine
. 3 o 00 500 1000 150000 0.0 50.0100.0150.0200.02¢ T RelDelete Routine
px |~ | 68%| v | Screen Shet (358 MB) Nodes Wetric.Lines. Code ! RelUnrelate Routine
- = = - RelNew Routine
] | L [ RelRelate Routine
[E3} &l | £ .;m—\ . | Coll = A.n £
xpan allapse xpar
i B[P O« —
o ) = “EFX | Clase | [Satecaanm Lte | | ;D! [Jaa |4
rint L | = |
Metric Analysis i Interface Analysis

-
e

ey
g 7
= P
| pelete -7 _ThAputDelete atticeDelete
7 b /
P P
bt
tro

=g

\

=]

K] 1 |
»jas% ﬁ!#’] DaAIﬂ!AIEEO N0 EO0 N0 50 %0 R

Dead Code Cycles & Dominance

T O IVICTINC ;,OtUP 0T OuUTuovare n-uuu\.Cture EI’OSI On“
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Structurel01: Overview SICK

Fis Fipis  Weogele Seposdory  Feg Tools  Wiedow  FelD
oS f4%4d 1+ an0y3a 0 7 A4asae

SeA S VO e e Java, C++, Ada
e | - Generic version
M..,.,..,, s  Infos via DSM + Graphs
" o mm * Known since 2005
N « Repository/DB server
E” « Fat-Client, Web

» Lightweight approach

[
= Ylructers 10 fpr Jawe - '
14DmT) M Fogd Wpgad Pali wandes  beip
SRE s ==
Trarafoteatara: OFF & t L
< = || o =
o | B N gl 1% | e by wanar L Lo
- o am - |
L Eep. g ]
N e |
i -
e pE
o pre—
bl .
W E i H |
= )
o
o by
O ekl | o 1 A7
i b i = g Fe
:;‘T"'- B ) mpnite e (TP H (LR i
- ia ||l ey et i I T T
ey memte i gl [ R n
i T | et LT - L
il doiiei Thuimsbidl B v it o nha &M LS
(SR p—" 8| A g et ek [T RIS ] 1
I F () | AW o et imath Ll | L ¥ ] HE LY
P ek 73 | A g et jnpes LT (% 1 1%
LT 17 | e pate s (L85 g 3
W e H ey patw swan imriaen 8T w0l £
Hi v mmte jrges g . Im (L}
Fieefred Brasa g hivgty @ F wpapmtw i rimafie L e 28 =g
e e | SWLECT Tl 0 T, T P o P
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Structure101: Dependency Management S|CK

Za  «clinit=
3 Coverage 3 CovMerge ® CovReport

- -

8, ot & {1 M
i & B P e B 5 8 | 5
S5 LINKMNOWMN_LOCATION g <init = oF Zinit= @ <init= z & i -
i .

=]
o Filters & Triggers (& CovBase . @ ¥MLreport

£
1
]
1 i § s,
- ] e L
B S TR ) e 5
@ getFileMame @ koSkring @ <init @ getlineMumber g T
o i e i 5
]
1

= ; S T o (3 ReportFilters
o : ~om s :
e I e —— T =
o il g si e - i
o fileMame o lineMurmber o columniumber ]

L
3 StringLil

e i - 5 ' e
ey i “mssi et | R
T : s | e
= 1 £ |"-.._} el
jas) html _ B3 traversal 2 ranges i14 B styleshests __,a' 3 events
L 5 : T Y

1
A i o 7 ant-jskarta-beel jar [ ank-jakarta-oro ar

e = . i ’:L_,_-L- -\:r E_.r oo : . __.—-—"":__.- :
' e T e T e
o _?wews R e ™ i
TS M e |
= : o = = = A . i =
(1 ant-junit. jar () ant-nodeps. jar () ant-xalanl.jar 13 ) ant-antlr
i e i il o I [] ':","-' T
P TRETTNARLLL i ~‘:‘fﬁ i Wl -
' i T i P : ST
0 i S I
s7eas b 103 (T xercesImpljar w03 s 1.7 ) ant.jar
"Erde. i Il o i
s, 37 e iq
=3 R - -

b R Sy %
(| wml-apis.jar () antdauncher.jar
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Usability S|CK

Build/analysis time

Integration in IDE, own GUI

Continuous build, commandline,
Analysis results, thrill down

Granularity (dependency types)
Modeling styles (API, regexp, Graphical)
Usage by developer, architect

Report, Trenddata, Web-Export
Complexity, Price, Setup
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Dependency Types

Query by Criteria

Modes Edges |F‘arameters |

rEdges

Types (collapse all)

Belongs_To
B Comparisan
S absence

> I Convergence
- M Divergence
- I Maps_To

Source Dependency
B 0 Based_on_Type
Type_Synonym_To
E I sl
i I Cispatching_Cal
& I Crynamic_Call
- [ Static_Call
- Il Clones
- I Commonication
- M Declared _In
- Friend_0Of
Et B Inheritance
i Extends
B I Member_Inheritance
I Tnherits
“ I Overrides
Instantiates
- I Internal_Access
Local_var_oOF_Tvpe
- I Of_Type
- I Frimitive_For
& B Reference
I Address
¢ - M Merber_Address
I Routine_Address
- I Method_Address
Yariable_Address

I et
Merber_Set
N Y ariable_Set
S
Member _Use
L I Yariable_se
B Signature
i Parameter_OF_Type

Return_Type
- I Template Parameter OF
- I Throws_Fxception

;Iglili

sigl Project properties

Main settingsl Pre-transfnrmatiunsl Excludes Dependency types I File extensiu:unsl

Typically wou will wank to see all dependencies in the code-base.

Howewver, for some use cases, wou may wish to hide some dependencies to obtain a (filtered) dependency

rodel.

" Show all dependencies (default)

% Hide the follwing dependency bypes:

[ calls [ has

[ includes [Cisa

[ returns [~ specidlizes
Select all | Deselect all |

[~ has param
[ references

[~ subclasses

Ok

Cancel

x|

r.-:\','Epecify Displayed Refe

select the reference types Specify Displayec

X

[T COMPOMENTCALL

[ COMPOMENTIMPLEMENTATION
[T COMPOMENTIMTERFACECALL
[V INHERITAMCE

[~ RE&D

[ THROW

[ THROWS

[~ TYPEACCESS

[~ WRITE

Select All | Select None |

ok |

Zancel |

]

SICK



Modeling Approach: SotoArc

SICK

r-.-f'fﬁul:uarc M3.5 - findbugs20090416_171 @ localhost - findbugs_121 - Advanced Mode = | Ellﬂ
Sotoarc  Projects  Model Seb Options  Extras  Help

Architecture I Restructured Code : |D|:| Mot Color Modes LI |5h|:|w all References j ) | o |Undc:,l'Reu:||:| (Modeling)

Cyrles | Metrics :
Criginal Code Models {Base)
------ L Base (pokgs: Java packages)
a| a ::il‘ fa| i B-I||‘_"'F|‘ | &CI‘
B/
(2 ltop

. [0 ]qui
Operations of Selected Madel
o _ (2 Imodel

i ] Descripkion

+
L M | [Filker nodes (just hided ... EI ﬁ ndbu QS
L M | [Create unrestricked subs. ., e =
| frese urestinten s [T Ifilter-classfile-config
L M | o [Create il (layer) bere. .. EI i0-ba
L M | [Create 'io-ba’ (laver) ben, .. :
L M | [Create Filker-classfile-ca. .. EI Utl|
L M | [Create findbugs' (layer) ...
L M | [Create 'model (ayver) be. ..
L 1 | ofcrests G Qe berie. O PACKAGES (Java packages) O
L M | [Create top' (layver) bene. ..
L M | [Fix child arder af ')
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Modeling Approach: Structurel01 SICK

silii Structure101 for Java - C'arbeit',_doc'Docs' conferences’ ACCUY Web' 2009 findbugs100.javahsp*

File Model Mavigate Tag Tools Perspective Help

'EILIEII_Iﬂl_Iililil\_I' LAE AR TR ol o wlm| e

&;lelul@lﬁ.letinnﬁ? B

Diagram; Ciagram 1

g a props T E i y E mil 5 E anttask i a wark flowe

T Tangle of & _‘,'
s Y ’ B fiter i A plan
Description ey oo
L Ld e
“Hbl Selected cell: * N B finay ,;'
Marne rodel " =
Yisibility private 5 | . +
(5 ba
Items directly assoc... Show w
B3 model - * * : * * .
o (@ ClassFeatureSet — B oraph £ il £ woml i visitolass
----- € ClasshameRewriter =
B annotations

----- @'ClassNameRewriterUtiL_
- 3 IdentityClassMameRey

----- (& MovedClassMap -
BRI | B

findbugs: edu.umd.cs.findbugs.?

Transformations: [
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Modeling Approach: Bauhaus

SICK

Architectural Mapping - | Ellil
Skate Architectural Yiew "ARCHITECTURE" (expand all) Mappe State | Hierarchy View "MODULE" {expand all}) Mapped To
[d = iconTROL O &
| - B JINPUT I,
[ ] - M MaIN [l M b
[ | - T IPARSER [l B Jsrc
L E "ipomain [ larrow ARROW
[ b mARROW [ |concept COMCERT
[ ] - " CONCERT [ | lconkest COMTERT
[ | - P ICONTERT [ | linput INFUT
[ - T IPRINT [ ] Il e FARSER
] - ™ RELATION [ Imain MaIN
[ad = JUTILS ] |panic
[ | - " HASHTABLE [ | Iprint: FRINT
[ - TLIST [ ] Irelation RELATION
] -™I5ET [ |scanner FARSER
[l lversion
[ ] Iy tab PARSER.
[T o i ! d - »
ARCHITECTURE SEN T Gravis - A:/EXAMPLE/SRC/CONCEPTS.RFG O] x|
- File Wew Edit Query Seftings Help
Skate Faole Hierarchy Marne | O | ™~ =
r Mext | # = N BASE 389 1752 0 0 0 0
] F = <N CYCLES CALL 3 3 0o 0 0 0
CONTEOL R = B EMVIRONMENT 240 0 0 0 0 0
R = X CALL 201 407 0 0 0 0
D | ® |} A MODULE 427 423 0 0 0 0
i R = b LIFTEDMODULE 427 4427 0 0 0 0
T 7 |} s USER % & 0 0 0 0
Fid = s CLOMES 49 3% 0 0 0 0 e
D ES . A ARCHITECTURE o 0 3 1
OTILE R B £ MAPPING 24 13 0 0 0 0
b4 = X BASE-ENY 70 1029 0 0 0 0
b4 = A CALL-EMV 03 zzz2 0 0 0 0
.l" — A ML E SRV b =l 1ioC [m] mn m m j
I L Mo source position information available : ™

DCTTTIIara WicTNe Ot O1C JUTOar © 7 0 CT MCCTOT T T OOt
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SICK
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Examples for Architectural Analysis SICK

| A
. \X
- easy to use make system for java SPACHE RN T>

- code/design level analysis tool
- Implementation of Effective Java book (Joshua Bloch)

- collection of (meta) template libraries
- close relation to C++(0x) standardization

i PO: Powered
- cross platform library (embedded development) ;i by POCO

- open source flight simulator
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ANT 1.4.1: Architectural Analysis SICK

Package hierarchy

(= org,apache.tools = ta-.SkdEFs o “ftener
=8 [3: Y22 /31
- (2 taskdefs . :
__ G uti Tangle of 3
- B ant i types
- listener o
G B types <APACHE ANT:>
- mail
- E tar
- i aip
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ANT 1.5.2: Architectural Analysis SICK

Package hierarchy

B listener
(22 org.apache tools |
=" 4
H- [3 Filters TE|F||;||'E' af 7

+ [ taskdefs £ helpe [ taskdefs
- [ types pa T ey g A
- R
B ant R e T
- 4 helper

- 8 input

- 8 listener
- B8 bzipz

- H8 mail

- 8 tar

. a zip

<APACHE ANT?>

e [
[ 8

)

S
(22 filkers

SEIT]
[

I...[I+1...[1...[7
| By Uy Ly i |
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ANT 1.5.2: Architectural Analysis SICK

Package hierarchy Tangle of 7

B helper (2 taskdefs
& | ‘ﬂ L

_E -;n.t‘#‘@'

B org.apache tools
o o

il [ filkers

- [ taskdefs 8
- [ types
' % :::: B util
B helper T4
B input :
+- B listener taiﬂlte:...
- B8 bzipz
- H8 mail
- 8 tar

<APACHE ANT?>

I...[I+1...[1...[7
| By Uy Ly i |

Dependency breakout: arg, apache. tools,ant uses org.apache,tools, ant.taskdefs [1] I B |2
= E arg.apache. kools, ant El- @ arqg.apache. tools, ank, kaskdefs
= @ PathTokenizer = H# condition
b @F imik=(Sking):void =- @ 0s
----- Lz “o 5y isFamilviString)boolean
B4 org.apache. tools, ant sage 2 arg,apache.tools, ank, kaskdefs
@F PathTaokenizer, <init = calls S taskdefs,condition, Os.isFamily
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ANT 1.5.2: Architectural Analysis

Package hierarchy

@ org. apache.tnnls
= 2= B

: @ Filkers

- [ taskdefs
- [ types

- kil

a ank

B helper
B input

- B8 listener
- E bzipz

- H8 mail

- 8 tar

. a zip

I...[I+1...[1...[7
| By Uy Ly i |

Tangle of 7

B helper (22 taskdefs

M ant
(25 ukil

i filters

Dependency breakout: arg.apache. tools, ant, Ukl uses arg, apache. kools, ank kaskdefs [4] I E|E

<APACHE ANT?>

= 22 arg.apache bools,ant, uti
= E il

#- @ Fileltils .

& JavaErelrls T >3

F- @ Resourcelltils

E- 22 org,apache, tools, ant, kaskdefs
& 3 condition
El G s
S isFamily{String):boolean
. S isMarne(3tring): boolean

(-2 org.apache.toals, ant, ukil Ilzage (-2 org.apache.toals, ant. taskdefs

<~ L util Filetils, <init = calls 5 .kaskdefs.condition. Ds.isFamily -
Sg kil JavaEnyUkls, <clinit = calls G2 taskdefs.condition, Os.isMame j
S util, JavaEnvUtls, <clinit = Sk oclecdok

arg, apache, tools, ank, kil JavaEantlls <clinit =) w:ulu:l|
T A

Jcondition, O, isFamily

Fm o kL Resmreel s selerbonEOfMAresmrTes

-
T —TAmrrErs. Cnnditinn . OsisFarmily _I
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ANT 1.7.1: Architectural Analysis

Package ... Switch w

[3 org. apache.tnnl5

B [3

. rg Filkers

-2 taskdefs

- [ types

22 ol

. a ank

- B8 dispatch

- 3 helper

: a inpuk

- 3 listener
- loader

- E bzipz

- mail

= a Lar

. a zip

=1...[+1--.I51---I51
[l iy bl oy Ly lu |

B filters
(728 Faskdefs
.#*'; :
By
-
= @ il
¥ types
ca
B dl_.patv'l" B belper
hq.h.._-“"h
‘“h—
ﬂ ank

B irput

<APACHE ANT?>

Dependency breakout: org.apache.tools,ant uses arg, apache. tools, ant taskdefs [27]

- a org.apache. toals, ant =8

[ org.apache.tools, ant baskdefs

- @ antClassloader - H3 condition
- @ ComponentHelper 7 - 3 taskdefs
#- @ DirectoryScanner [T =
-- G IntrospectionHelper
-- (& PathTokenizer LI
B4 org.apache.tools, ant Lsage (2 arg.apache.tools, ant taskdefs
B DAL P Ll B L L | B Uy Lo 7 o ) L] D ) R o o | Y e ) 0 ] e L ﬂ
@ . ComponentHelper.checkMamespace calls @F taskdefs, Typedef, <init =
Sa DirectoryScanner, <clinit = calls S taskdefs, condition, Os.isFamily
@F PathTokenizer, <init = calls S taskdefs, condition, Os, isFarmily j
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ANT 1.7.1:

Architectural Analysis SICK

Package ... —| | Switch »

(=2 org.apache. tools
= 5
+ - 28 Filters
-2 taskdefs
- [ types

22 ol

. a ank

- B8 dispatch

- 3 helper

a inpuk

3 listener
+- H loader

- 8 bzipz

- mail

= a Lar

. a zip

=1...[+1--.I51---I51
[l iy bl oy Ly lu |

(B Filkers
(28 taskdefs
oo oo ]
3 ""'-‘._w_‘_
h-l
(22 kil
|65 1581 |
! <APACHE ANT->
¥ tvpes |
B dispatch i helper 5711 G5
BB ant
i irput
Dependency breakout: org, apache, tools,ant,util uses org. apache.tools, ant. taskdefs [3] I = =
= [3= org.apache. tools . ant, ukil = @ org.apache. tools, ant . taskdefs
=" E kil =™ a condition
- (@ FileLtils B = @ os
=- & JavaEreeldds 0 TTTTTTTT = G isFamily{string):boolean
e 53 isMame(String):boolean

[ org.apache. kools, ank, kil Ilsage [ org, apache. kools, ank. kaskdefs
Sa kil FileUkils, <clinit = calls Gp taskdefs, condition, Os.isFamily
Sa kil JavaEretils, <clinit = calls Gn taskdefs. condition, Os.isFamily
S ukil, JavaEnwUtils, <clinit = calls 5 .kaskdefs.condition. Os.ishlame

n
Transformations: 0 J



Still manageable ?
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Aim of Architectural Analysis SICK

-Findbugs
- do codelevel lints care about architecture ?
- Is there a architecture ?
- Is there a erosion ?
- Do AA-Tool work well ?

2 Fil nnamed projec|

Datei Ansicht Einstellungen  Hilfe

Nach Fehlertyp

@ 3 Eq: Covariant equalsg (1)

@ 3 HE: Equal objects must have equal hasheodes (4)
& 3 152; Inconsistent synchronization (15

o 3 L Unsynchronized Lazy Initialization (1)

@ 3 MF: Masked Field (7)

@ 3 M3: Mutable static field (70)

& 3 NN Maked notify in method (8)

© @ MP: Null pointer dereference (1)

@ 3 RC: Suspicious reference comparison (1)

@ 3 SESC: String concatenation in loop using + operator (103
& 3 SIC: Inner class could be made static (23

@ 3 Se: Incorrect definition of Serializable class (12)
@ 3 Snvi: Serializable clagss with no version D {35)

PO N RPN W] demldl 71
-

Einzelheiten

Field should be package protected

A mutable static field could be changed by malicious code or by accident. The field could be made package protected to avoid this

vulnerability.
) UNIVERSITY OF
FindBugs - hitp.findbugs. sourceforge.net! @ MARYLAND

Bernhard Merkle ,Stop the Software Architecture Erosi on“
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Findbugs: the first years SICK

2 findbugs B ml B3 config B3 plan
e 7 | o
T L NN A0 E
TG ; - " .. .
L 1 a7 Y A ."i" F !
B2 visitclass [ ba i 8o 3 findbugs :
1 - - [ - 1
. i e L !
: i Le=T . RS e, 230!
-._‘31 i -EE 2 ".,_‘ % by
4w &= & 4 !
H# graph B B wvisitclass 22 ba i i
1 1 b 1 i
i i RRC:I i
1 1 [
I3 ! 4w
N : # araph
“a I4 Fd
l
| ¥
1] v

8 annotations

0.7.2 (03/2004) 0.8.6 (10/2004)
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Findbugs: the first years SICK

2 plan B ml B3 anttask
i T
1 _y L 1
| o 1e i
B mil B corfig B plan i i |
™ T 1 - 1 I I 1
) Ipl:l ’ i i i 3 config i
= 1 - 1 1 1 ! Fa3 1
T | | e o7 i3
H findbugs E i i i i i
- F) 4 - : I : K 1 :
__,.E-E-"'; L ‘.,‘135 e T IE1 ?1 i B findbugs |
R A T o |
B ol B3 visitclass 2 ba b : ! 109 i
i I Rt
1 | o ! : : 1 ~ :
1 [} % 1 1 I "r ) H
i e Lo 4 _
2 : 4 v oW ! e b b 3 visitclass B ol
' " # graph A : R :
E . ) 514? 4 i
- | 4 v £ i3
. e
4 v K # grach K
# annctations . 2

Now
# annotations

0.8.6 (10/2004) 0.8.7 (05/2005)
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Findbugs 0.8.7: Architectural Analysis

£
=
=

8 props
- y

i ;
i 5 L2 -
1 s
i " - 3
: ! Tangle of 2
1 1
l i B corfig
: 1 !
N O
| | v '
Ib1 i B findbugs
i i
i i 109
I I .
I I .
1 1 =
1 1
i L
i 4 ba b 2 visitclass
n 1 u A 1
DR T Rt i
A 1 - = 1
LT ~ !
3 graph i K
] : p
Nowv

E} annakations

B R e S

E] =

Fromn: IEII.EIS.ZDDS vl Tao: IDl.DS.ZDDS j Id"i Messages, authors and paths

Revision | Actions | Author | Dake | Message il
37E gl daweho  22:20:33, Sonntag, 6, Marz 2005 Eliminated some inadvertent autoboxing.
3715 gl davehao 22:11:19, Sonntag, 6. Marz 2005 Added getUserPreferencesFilel). Modified ko use ID writeF
krak + daweho  22:10:25, Sonntag, 6. Marz 2005 Initial checkin
3713 daveho 21:42:31, Sonntag, &, Marz 2005 leed copying of Flndbugs jar and beel.jar,
Tz daweho  21:37:12, Sonntag, 6. Marz 2005 i ign now that DeteckorFactory no longer
371 daveho 21:33:02, Sonntag, &, Marz 2005 Temporary hack
3710 gl davehao 21:31:16, Sonntag, 6. Marz 2005 Detectars are no longer egdbled;disabled by setting an ena
709 &l daveho  21:14:05, Sonntag, 6, Marz 2005 = meRlded serialversionUID
3705 gl davehao 21:13:07, Sonntag, 6. Marz 2005 .ﬂdded serialversionlJID —
3707 daweho  21:10:09, Sonntag, 6. Marz 2005 add serialversionUID

| 3706 & I:Ia\-'elha 19:45:55, Sonntag, 6, Marz 2005 Modified clone() to call super.clonel), and to use generic by, "I

L] 3

Detectors are no longer enabledfdisabled by setting an enabled
field in the DetectorFactory. Instead, an instance of UserPreferences
records which detectors are enabled/dizabled.

Action | Path | Copy From path | Revision |

Modified  ftrunkffindbugs)srcfiavafedufumdfcs/findbugsDetectorFactory java
Mndlfled II'trLInk,l'Flnl:":ll.lgsII'SI’I:II']a\.-'aII'E.'dLI,I'LII'I'ldII'ES,I'FII‘ldbl.lgs,l'DE:tE:CtClrFal:tl:lr'y'CD||E:Ctll:ll'| jawva

Mudlfled ftrunkfFindbugs/src ]a\-’allledl.l,llLIITIdII'ES,I'FII'IE"JLIQS,I'IIII'IFIgII'PrD]EEtFﬂtErSEttII'IgS java
Modified  fteunkffindbugs)srefiavafedufumd ics/findbugs config/UserPreferences. java
Modified  [ftrunkffindbugs/srcfjavafedufumd fcsfindbugsfguifdnakysisRun, java

Modified  ftrunkffindbugs)srefjavafedufumdcs ) findbugs)quifConfigureDetectorsDialog. java
Modified  ftrunkffindbugs/srcfjavafedufumd fcs/findbugsiguifFindBugsFrame. java

Showing 438 revision(s), from revision 3647 to revision 4034 - 1 revision(s) selected,

[¥ Hide unrelated changed paths Statistics
[ Stop on copyfrename
[~ Include merged revisions Help

Show Al | v| et 100 Refresh

i

SICK

#" Log Messages - http:/ /findbugs.googlecode.com/s¥n - |EI|5|
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Tangle increase...

Tandgl

of 8

2

H I-:indl:uugs

s

]
Il
#

B filter

3 findbugs
a

v
b

g |
o4
-

5,
[
&

‘186
mall s
=

. |
1873y

B corfig

E} annotations

annotations

1.0.0 (06/2006)
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on®

1.3.0 (07/2007)

Bernhard Merkle ,Stop the Software Architecture Erosi

B e e e B e e
T __
[ [
= Y
M M
% ...
5] P o o __
A B
= a5,
m m. ... : ..”.
‘“rnﬁ e .-,. ___
; o
i 4
! =] A8
|||||||| M..Illllwu m
b
=
- _d..
- !
w 5
nrb 3 e @
O H E m__
=
y
=
I".L_u_ Ll _."
QV-V m .“_“
a2 i
(D) = -w#.m i
e 5
Tar |
0 L&
© [ "
b e e )
P rl = _..".
- .m % W
» — m.. H_.|m _“ "_
i) ,
e _. QE “_
g w H------------------I--------------Iw._. ................................ i “m
n S - S
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ONE BIG Tangle...

Rt ...\_-h_.‘_‘_‘_ '

S

SSsanah WQM
H Flndbugs
-z csgEFsREET

i
i
|
1
i
i
i
]
i
i

4

125

5]
=

L
P
e ol
]
o
i

"""""""""".'"

H detect

e e ':'-i‘-m-h

e

W

1 Slice selector

1337
-
595? E asm 1%

a1
E bcel

4

= 355 e
___‘-:} _— e gl
B graph o e
b i
N |
| W

m annokations

Scope: =J rook

Level

22 Design level 3

= |2 Design level 2
22 Design level 1

B8 Leaf package

1Q|

2 100% 0%
23 W\ 7%
31 9% TP

49 953% 54%

L (| sters (5) Tangles (10) |

Tangle of &
Tangle of 3
Tangle of 3
Tangle of 3
Tangle of 2
Tangle of 2

Ikerm #Parents
1
1
1
1
1
1
1 -

Tannl= F 7

—imT]

1.3.8 (03/2009)
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Findbugs: and the next level of checking ;-) SICK
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Findbugs 1.2.1: Architectural Analysis SICK

Diagram 1 Violations
B mi B annotations) | B4 guiz| B props| |88 anttask B8 asm| | B bcell | BB plan Source Target #Violations
ﬁ“. _,-.--""‘-.} sourceViewer guiz 7
B qui A B sourceviewsr ,--""'P' B ko findbugs plan 37
= ‘“-‘-""-..‘ Pa— findhug5 gui 7
a— findbugs madel 30
: i fin::lbug; filter findbugs 36
_.-""_}_,-—"'? 7 (‘“n‘f‘"‘-‘._ classfile findbugs 12
B filter ':,_-""'# e -:Iarssfile ““..‘ ) B config config findbugs 19
{“H"u = ba findbugs 99
& io @ ba ba classfile 7g
E util ’ E vizitclazz E graph E xml 0 [Ticia s 2
Total 327

Description: Suhsysiem breakout for ‘edu wmd.cs findbugs”
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Modeling Subsystems:

Sutuarc M3 &5 -

flndhug52l]l]9l]415 121 @ Iucalhust Default'
¥ e e e e
del Set Options  Extras Help.

Advanced Mode

Fl.rthiteu:f:ure | Restructured Code
Cycles | M_E!:__[’_IES

Original Code  Models

....... i Mgasg Ep;:hg!;}"ﬂ mﬂﬂkﬁgﬁsi

ations of Selected Modsl

\a' ID::: Mot Color Modes _:1 flShu:uw all References

o al®| o w] &) x| (E——]

=l 9| & fumoeds godei)

ey |
5 O PACKAGES (Java packages)
8 O edu

R I

Description

L M |

Fllter nodes l{]ust hlde]l .]. 5

Elﬁnet

DCTTara victhic

ACCU 2009

» R UUP U oUIWAIT AILTimeoturc i

0Si on“
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Modeling Subsystems:

f X Sotoarc M3.5 - findbugs20090416_121 @ localhost - Default - Advanced Mode
Sotoarc Projects Model Set  Options Extras  Help

i 4

Architecture | Restruckured Code , ID::: Mok Color Modes LI |Sh|:|w T ——
Cyiles | Metrics :
Crriginal Code Madels

ala

------ LI Base {pckgs: Java packages)
5| & o] S| 52
B/
[ fh.asm
H O fbbeel
[ fbml
Ll fhoprops
N O fhworkflow
©perations of Selected Madsl O fb.model
Description @ [ fb.plan
L M | Filker nodes (ust hide) ... 5 [ fhoutil
L M | o iCreate unrestricted subs... O fhfilter
™ V’ Creake 'Fh Findbwine! finr I R e e e
Create unrestricted subsystems prefixed with fhb.' beneath '
- conkent pattern '+ fPACKAGE S edufumd/cs Findbugs /*)
- base set
- N privacy patkern
Resulting sibling order
- 'Ifb.asm'
- 'Ifb.bel
- 'ffb.ml
- 'Ifb.props'
- IFb. ot kFlow!
- 'Ifb. model
- 'Ifb.plan’
- "{Fbutil ackages) @
- 'Ifb.Filker'
- 'Ifb.config’
- 'Ifb.ba’
- 'Ifb.classfils’
- "Ml
- 'Ifb . visitclass'
- 'Ifb.araph’

H 13
DETTIIara VIETKIE ,,ST0P UTe Sonware Arcritectare =rosl on
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Modeling Subsystems: SlCK

" Sotoarc M3.5 - findbugs20090416_121 @ localhost - findbugs_121 - Advanced Mode =10] x|
Sotoarc Projects Model Set  Options Extras  Help
Architecture | Restructured Code : ID::: Mok Color Modes LI |Sh|:|w all References _j il il UndofRedo (Madeling]
Cyiles | Metrics : :
Original Code Models E
------ I Base (pckogs: Java packages
promeesiard | &) alm|| & x| &| x|
B/
=& 0top
= [T foasm
M [ o beel
O tml
N g E f.props
e v T plan
©perations of Selected Madsl = 0 fa.gnnutatiuns
el e Drescription =[O fg.anttask
L M | . |Filker nodes {just hide) ... Equ e
L M | . |Create unrestricked subs... Emnd: o
L M | . |Create Thb.findbugs' {unr... = B model
L M | |Create 'util' {layer) bene. .. B & find bugs
L M | . |Create io-ba' {layver) ben... El [ o findbugs
L M | |Create filker-classfile-ca, . EE fiterclassfle-config
L M | Create findbugs! (layver) ... E g ffgzgi;
L M | |Create 'model {layer) be... 5 O fu:clam?ile
L M | |Create 'gui' {layer) bene. .. B [Elio-ba
L M | |Create 'top' {layver) bene... = [ bba
L M | . Fix child order of ' = [ o
= [T il
B [T i util
[ flacml
1 o visitclass
B [ fo.graph

H ) PACKAGES (Java packages)

DETTIIara VIETKIE ,,ST0P UTe Sonware Arcritectare =rosl on
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Fixing Architectural Violations

SICK

BT/

(B ltop
[T ]gui
[T Imodel
[0 Ifindbugs
[ O Ifilter-classfile-config
[OJio-ba
[T Jutil
Diagram 1
E} mil E} annotations B} guiz E} props E} anttaszk B} asm E} becel }B} plan
Pl -
2 gui o s::uur'ce‘ufiem-'er ’_,""ng WD Pl oy
‘H""n B model . !
L“‘I fr ',
E} findbugs
e i B S S
B filter ' ) = clalssfile ’ B config
__,'Jr 8 i ‘ ‘ E# ba
E} util ’ E} vizitclazs E} graph E} xml
Description: Subsystern breakout for ‘edu.wmnd . cs findbugs’ erkle ,Stop the Software Architecture Erosi on“
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Fixing Architectural Violations SICK

@D/

(B ltop

[T ]gui

[E Imodel

[0 Ifindbugs

[ O Ifilter-classfile-config

IEI ID-ba ilL.‘.:-ti,:'l‘inu:il:lugs

EI util represents 2 edges from 2 files to 2 files
IE‘ (3 JF 2 CALL

E[ ¥ findbu gs Layer viclation: . |

= D fb ﬁn dbu gs Layer "futil' must not access layer ffindbugs
2 disallowed dependencies

E O™ edu.umd.cs.findbugs

/\ SystemProperties.java JAN
/\ TigerSubstitutes.java ﬁ\\
Sl V] \ \
E [N fb.util |
E ™ edu.umd.cs.findbugs.util J /
/A MultiMap.java &*j/

/A Utiljava A

Bernhard Merkle ,Stop the Software Architecture Erosi on“
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Fixing Architectural Violations SICK

T- i B:/findbugs/src/findbugs-1.2.1 /srcfjava/edu/umd/cs/findbugs fukil /Ul java - | Ellil
I LI Filker | Remaove Filker |
o |ID FramMame Fromkind ] FromFile ] kolame kokind ] koFile referenceType

{irit_Util_attributest B 1SF Lkl java getBoolean METHOD SE |SystemProperties.java [CALL

.

3s import Edu.u:md.cs.findl:uugs.annutatiuns.CheckarNull; :I
40

g9 l.."tt

4z * @anthor pudgh

43 wy

44 public class Uil |

temProperties.getBoolean"findbugs. shutdownLogging™) - _J
47 public static void runLoglitZhutdown (Funnakble r) |
45 if [LOFEING) Runtime.getBuntime () .addfhutdownHook (new Threadir))
49
50 h
51
52 public static int null3afeHashcode (ACheckForNull Chiject o)
53 if (o == null) return 0O;
54 return o.hashCode() ;
55 }
56 public static <T> boolean null3afeEquals(@CheckForMull T ol, E@CheckForMull T oZ) |

57 if (ol == pd) return true; _ILI
4 | 3

Bernhard Merkle ,Stop the Software Architecture Erosi on
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Fixing Architectural Violations SICK

Sl T
E[M™top
=™ mode|
El-’ﬂtﬂb'.[dﬂi

5] iﬁ,ﬁﬂh g
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Fixing Architectural Violations

r.—_‘fSutuarc M3.5 - findbugs20090416_121 @ localhost - findbugs_121 - Advanced Mode

Sotoarc  Projects  Model et Options

Exftras Help

=10l x|

Restruckured Code

Metrics
Maodels

Architecture |
Cyiles
Criginal Code

LI Base {pckgs: Java packages)

F S
Ciperations of Selecked Model

Description
Filter nodes (just hide) Y. ..
Create unrestricked subs. ..
Create fb.findbugs' {unr...
Creake 'util' {layer) bene. ..
Create 'io-ba’ {laver) ben...
Create Filker-classfile-co. ..
Create findbugs' {layer) ...
Create ‘model {layver) be...
Creake 'gui' {layer) bene. ..
Create top' {laver) bene...
Fix child order of /"

33333333333;
N N N N S N N N

1
9 ID::: Mot Colar Nodes LI |Sh|:|w &l Referances

d il il UndofRedo (Modeling

ra
|

a|a

al ||| ==

EliT
B (™ top
B[ model

=[§
r.-ﬂ' Please Confirm

E
‘ol are akkemphing ko virkually restruckure your package kree,

This restruckuring will be executed before the already defined modeling operations
and can,
therefare, change their resulks,

2

Procesd?

O Instruction ScannerDriver.java
A JavaVersion java

M L10N java

&4 Method&nnctation java

£y OpeodeStack java

Fi PluginLoader java

2y Project java

& Resource TrackingDete ctor java
A SelfCalk java

M SloppyBugComparatar.java
& SortedBugCollection java

B ™ fitte r- classfile- config
B[ io-ba
B i
B ™ fb.util
= :

A Utiljava

Bernhard Merkle ,Stop the Software Architecture Erosi on
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Fixing Architectural Violations SICK

BCD/
B Etop
EEE gui
ElE I model
EE findbugs
EEE filter- classfile-config

& [ fb.xm
= [ fhisitclass
= [ fb.graph

Bernhard Merkle ,Stop the Software Architecture Erosi on“
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Aim of Architectural Analysis

-  Boost

1. do AA-Tools work with heavy templated code ?

2. find out if Boost has some architectureal violation S:e.g.
dependencies

1.
2.
3.

from utility to other libraries
from somelib to "heavy" libraries like mpl

which access the internal implementation details, e.g.
(aux_, detail, impl)
which violate the existing documented architecture,

Software Architecture Erosi on“
Page: 60



Boost: Checking dependencies ? S|CK

- Deliver “units”, “iterator_facade”, etc.

- bcp.exe
- bcp --list boost\iterator\iterator _facade.hpp > deps.txt
- about 300 header files
- about 20 times mpl usage

- remove some capability,
- traits pod, const, etc
- no need to include std mpl...
- no support for iterator_writability disabled<>

Software Architecture Erosi on“
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Boost Spirit S|CK

¥ Drganization - Mozilla Firefox

File Edit ew History Bookmarks ScrapBock  Tools  Help

|:] |FiIe:,l',l',l'Ei:,l'I:nnn:nst_l_3?_IZI,|'IiI:|s,l'spirit,l'n:lassic,l'd-:nc,l'n:nrganizatin:nn.html "7 T |' Google

Organization %

T ¢« 9

The framework is highly modular and 1= organized in layers:

iterator | actor ‘
| debug ‘
attribute dynamic | error_handling | symbaols | tree | utility
| meta ‘
‘ core
| scanner primitives composite non_terminal

Bernhard Merkle ,Stop the Software Architecture Erosi on“
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Build Setup

— Usually capture process
— header only (90%)

— ldea
» Compile test cases (libs)

$cd boost 1 37 0O
$ find boost/mpl -name "*.hpp" | grep -v aux_ > inclu des.txt
$ foriin “cat includes.txt ; do printf "#include <$i>\n";
done >mplmain.cpp

$ cafeCC -BB:\boost 1 37 0 -I. -shared -w -no_strip - 0
mpl.dil.iml mplmain.cpp

$ iml2rfg -lifted_module_view mpl.dil.iml mpl.dll.rfg



SA: Modeling Boost

Create 'BOOST, SPIRIT' (unrestricked subsystem) benea. ..

Movve 'Theratorfckar’, 'Debog’, "AkkributeDynamicErrorsy. ..

Fix child order of "BOOST, SPIRIT

Create 'BOOST, UTILITY' (unrestricted subsystem) bene. ..

Meove 'otilicy' bo 'BOOST UTILITY!

Create 'BOOST, SMART_PTR' (unrestricked subsystem) ...

Mo 'smart_phr' ko 'BOOST, SMART_PTR'

Create BOOST, COMYERSION' (unrestricked subsystem), ..

Move ‘conversion’ bo BOOST, COMYERSION'

Filker nodes (just hide) 'optional.hpp'

Filker nodes (just hide) ‘config.hpp'

Filker nodes (just hide) 'unordered_map.hpp'

<[l o o] sl )]s L s

‘y-|j-rjr|r|r— ||| || |r—|—|—

= EEEEEEEEE EEE

Create 'BOOST, FOREACH' (unrestricked subsystem) be, ..

= O
B O
= O
= O

BOOST SMART_PTR
BOOST.CONVERSION
BOOST FOREACH
BOOSTUTILITY

Descripkion

Create ‘Ukility' (conkainer) beneath PACKAGES

Movve ‘assert.hpp', ‘call_traits.bpp', 'checked_delete.bp. ..

Movve inkeger_traits.hpp' ko 'inkteger’

Move 'range.bpp' ko ‘range’

Move 'reqex.bpp’, 'regex_fwd. hpp' ko ‘regex’

Movve 'type_fraits.bpp' ko 'type_traiks'

Move ‘iterator_adaptors,hpp' to ‘ifkerator!

Move 'preprocessor,bpp' to ‘preprocessort

Create 'smart_pkr' (container) beneath PACKAGES

Move 'inkrusive_ptr,bpp', 'scoped_array. hpp', 'scoped_, ..

Maove 'mem_fn.hpp' ko ‘bind'

Maove 'function.bpp' bo ‘Function’

Create ‘conversion' (container) beneath boost

Move ‘implicit_cast, hpp', lexical_cast.hpp' to ‘'conversion’

Move 'blank.bpp', ‘Blank_fwd.hpp' o 'mpl’

Move 'none.hpp', 'none_t.hpp' to ‘optional’

Move 'memory_order,hpp' ko 'smart_ptr'

Move 'aligned_storage.hpp' to 'dekail

Maove ‘array.bpp' to 'okiliky’

Create foreach' (container) beneath boosk

Move foreach.bpp' ko ‘foreach’

rr-r /0 rr/r/rrr/r/r/r/ Q- /- |-\ - || |—/].

E=liEslieadienl fe sl el iendead Besd el el iendien ) Bl el el frn ) Benld e sk el e el fend 19

SIS SIS SRS [ S [ SIS S R

Move 'ref.hpp' to 'bind'

SIC

K
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SA: Modeling Boost

=]

SICK

— Create unrestricted subsystems with name X for packages under

(Packages)/boost/(X)

— Privacy pattern used + **/aux_ + **/aux_/** + **/detail + **/detail/**

=

=

—

BOOST SPIRIT
Boost .concept
Boost Linction
Boost preprocessor
Boost seridization
Boost regex

Boost spairit

Boost xaressive
Boost fision

Boost .optional
Boost iostreams
Boost pool

Boost variant

Boost threacd

Boost unction_types
Boost unordered
Boost Wility

Boost range

Boost iterator
Boost type_traits
Bioost detail
Boost.mpl

Boost unctonal
Boost .config
Boost hind

Boost integer

Boost typeof
BOOST SMART PTR
BOOST CONYVERSION
BOOST FOREACH
BOOST UTILTY

2 8 = A = = = O = = = ol s s s e e e
P EEEEEEDEEE D

E= PACKAGES (diredories)
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SA: Modeling Boost

SICK

B

= B BOOST SPIRIT

= [ Boost.concept

H [ Boost fnction
[[] Boost preprocessor
Boost =erdization
Boost regex
Boost spirit
Boost xaressive
Boost fusion
Boost.optional
Boost iostreams
Boost pool
Boost var ant
Boost thread
Boost Lnction_types
Boost unordered
Boost Uility
Boost range
Boost iterator
Boost type_traits
Boost detail
Boost.mpl
Boost Lunctiond
Boost.config
Boost hind
Boost integer
Boost typeof
BOOST SMART PTR
BOOST CONVERSION
BOOST FOREACH
BOOST UTIUTY

s 8 == = = O e = = O s = = = o e s B = =
¢ ODO0OCEOOmRORfO0ROOO0EOO0EEOEE

H

PACKAGES (diredtories)

\
mimiuinl

OO oOoo U o

E(muE(nus]n] | /=] (=N

i

B/
& [N Boost.mpl

8 O boost.mpl

B O <filesin 'boost.mpl'>
A and hpp

/\ or.hpp
B ®,aux_
2 3, preprocessed

o>

B [0 BOOST.FOREACH
B O, boost.foreach
A foreach.hpp



SA: Modeling Boost SICK

=k, Ji
BOOST . SPIRIT
Boost serializatian
™. Boost spirit
Boost xpressive
Boost fusion
™. Boost.iostreams
™ Boaostvariant
™. Boost function_types
™ Boost.unardered
Boost.iterator
Boost detall
E ™ Boostmpl
B ™ boostmpl
H® list
M, vector
E ™ <files in boost.mpl'=
£l p AU

3 I R 3 Y = 3 O 2 Y
Ll [l | [d [ [ | o | [ [ o | D

200G

BOOST.FOREACH O



SA: Modeling Spirit

SICK

B/
B[ 9] lteratorActor
7] Debug
& [57] Attribute DynamicErrorSymbols Tree Utility
BE ] Meta
=[] Core
<> scanner
< primitives
@ <> composite
<> non_terminal

B/
= E BOOST.SPIRIT

B lteratorActor
@ > iterator
B > actor

H% 1 Debug
> debug

== AttributeDyn amicErrorSymbalsTree Utility
B <» attribute
<> dynamic
B <> eror_handling
B < symbols
{} tree
< utility

BLE ] Meta
Gl <> mata

B Core
< scanner
m {» primiives
< composite
< non_terminal
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Bauhaus: Modeling SICK

bauhaus',architecture.py - Notepad++ =18 x|
File Edit Search View Format Language Settings Macro Run TextFd Plugins Window 2 kS
| e BHE 2 B[ &Ml De || 2 5| HED| @ m DB E| e k¥
=| architecture.p}l |
194 publicnodes = [] -]
1395
136 # st step: create architecture elements for each directory
197 H for package in {(d for d in yield directory {base)
198 r if os.path.isdir {os.path.join {(base, djj}):
A H parent = create node {graph, architecture wview, 'Cluster', package, 'C BOO2T/%=' % package.upper ()}
00 private = create_node {(graph, architecture view, 'Cluster', package.upper (}+'::private', 'C BOOST/%=/PRIVLATE' % (package.upr
201 public = create_node {(graph, architecture_wiew, 'Cluster', package.upper {()+'::public', 'C BOOST/%s/PUBLIC' % (package.upper
Z0E
203 create edge (graph, architecture wview, 'Enclosing', private, parent})
204 create edge (graph, architecture wiew, 'Enclosing', public, parent)
Z05
206 # create allowed relation ships
205 create edge (graph, architecture view, 'Source Dependency', private, public)
z08 create edge (graph, architecture view, 'Source Dependency', public, private)
z08 publicnodes.append{public)
z1i0
Zq
o i B
Z13 # 2nd step: create architecture elements for header files
214 print "Die nachfolgenden Header werden noch nicht behandelt™
z15 [H for package in (d for d in yield directory {BASE DIRECTORY)
Z16 r if d.endswith {'.hpp')):
217 H if package in EXCEPTICHNS:
233 H else:
Z36
BT # 3rd step: credte mapping
238 # boost/x -3 J.public
239 #hboosty**fz - ¥ private for 2 4in PRIVATE_MAMES
240 #hboost/hhpp - EXCEPTIOMS[M] public
241 module_desc = graph.node_type {'Hodule'}
z4z dir_desec = graph.node_type {'Directory'}
sl = for node in bauhaus.rig.View {(graph, 'NODULE'}).nodes {lambda n: n.is _of_ type {(module_desc) or n.is_of type (dir_desc)):
z44 [ if node.is of type (dir desc):
Z67 [ else:
Z85
286 # create allowed relation ships for all public nodes... thiz results also inoa lot of "absendt” relationships
287 = for nodel in publicnodes:
288 for nodeZ in publicnodes:
289 = if{nodel == nodei}): e
Z90 r continue
291 create_edge (graph, architecture view, 'Source Dependency', nodel, nodez)
-
3 | 202 | 5
H 13
[Pythar file nb char : 13002 ln:il Col:1 Sel:0 [postwindaws  [ansT NS A“Cture Erosi on
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Bauhaus: Mode

Gravis - B:/_BAUHAUS,/BOOST.DLL.RFG

Fil= Miew Edit Query Sethings Help

Skate Role Hierarchy Marme
R = N BASE
R = s ENVIROMMENT
. 4 = s CALL
R |} s MODULE
-4 = s LIFTEDMODIILE
7 B <N USER
R H X ARCHITECTURE 1
R |} X MAPPING 1
b4 = A REFLEXION 1
7 = s CAUSING ELEMENT

I & Reading visualization from B:f_BALIHALSBOOST,C

Ing

REFLEXION 1 - HIERARCHY

. Tk
TAr1lart, s

e
T

‘ ‘
R d s = [ o,
( & ."". I~ = -_I'_ "I_\:“

A

2

o
e

Sefng ey e 1
‘v‘ < - rt-_pt-r

Tﬂ: amic bitset

-

i

¥ ah

L]

£

o 0 O0 0 00 ™. 4920

K



No (real) violations found in MPL stuff... SICK

»
DE.

g |
Joel CLilds
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Factorial example: SICK

template <unsigned N>
struct Factorial

{
%

static const unsigned value = N * Factorial<N-1>::value :

template <>
struct Factorial<0>

{
J

static const unsigned value =1;

void main()

int y = Factorial<2>::value;

}

Bernhard Merkle ,Stop the Software Architecture Erosi on“
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Template Dependencies: SICK

*Explicit specialization :

— Factorial<0> is an explicit specialization of Factorial<N> #2
— Factorial<1> is a specialization of Factorial<N> #1

— Function main uses the specialization Factorial<2> #3
— Factorial<2> is a specialization of Factorial<N> #3

— Factorial<2> uses the specialization Factorial<1> #1
— Factorial<1> uses the specialization Factorial<0> #1

Bernhard Merkle ,Stop the Software Architecture Erosi on“
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Template Dependencies: SICK

Partial specialization:

template <typename T>
class sortedVector /] #1

-}

template <typename T>
class sortedVector<T *> /] #2

.}

sortedVector<int > 11;
sortedVector<int *> 12;
sortedVector<long> i1;
sortedVector<long *>  j2;

Bernhard Merkle ,Stop the Software Architecture Erosi on“
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Template Dependencies: SICK

i structure101 for QAC and QAC++ - B:'_s101%test.gac.hsp = I EIIEI
File Model Mawvigate Tag Tools Perspective Help

I 2 o = £
Ol | @& &)= #| 9|a0|e]
Composition: higrarchy Shiow as “:f} % | E"&“ Cptions + O i
= [l factorial.hpp = - _
=+ |3| FactorialM.bpp lotoloioialolofolololofofolalo)
. B [ Factorial_all.hpp h i hhhhhhou uow b
B @Factnrial func.hpp T O N N T S S M ol b st e
[ S§gggeggg5gpaeaey
+ Lg] main.cpp b IRy EEYRFFTLR
P |ﬂ| partial_specializatic e 'g 'g 'g Ig 'g % E' E' % E’ E’
|:'tEernplatE-instaru:es':l b ] e PR GRS A A A A A
- 3 L =irsy | iy It
-~ Lo niFackorial =0z | et g f@'é T @ =
G 1:Factorial<1 = W g
(& ::Factorial<z> RE—— _ :
(& ::Factorial<3> w4 niFactorial<0 Ao
(& :Factorial=4> (& Factorial<t >
] :Factorisl_al<0> (& Factorial<z>
(& ::Factorial_all<1:= (& 1Factorial<3>
@& :Factorial_all<z (4 :Factorial <4
iI - "':“"“"‘“'I Al -*’-‘_;“I—I 1 iFactarial_all<0s
a {iFactorial_all=i=
Design tangles (1) Motables » (< 1iFackorial_all<z=
: (4 ::Factorial_all<3=
— @ viFactarial All<4 = bl
| g oot (4 :base<{s::derivedt>
(a ssortedYector <nl =
Graph contents Scope W | SH (S S P St S S R | N
i ; (4 isortedvector<niz j
Items Dependenciesl
: Fit | Zell size: liteDoTo
Fr-:urrrILI...I To II I
Dependency breakout E |2 ﬂﬁl g I
Select a dependency in the graph {or a cell in the matrix) to view its breakout

Transformations: [ fn«
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Template Dependencies:

M=
r
FACTORIALN FACTORIALO
Sh Ij' Sl
Factorial Factorial
-
il | ¢
Pl?lol..'o p ?I Fa,ﬁ, H & I:I \\I:I |:| \\D 00 ™0

SICK
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Template Dependencies:

LIFTEDMODULE - HIERARCHY

= m

FINALIZATION

=10l x|

MAIN o |
[ [
oo PARTIAL SPECIALTIZATION
. H
- tedVect
INITIALIZATION SortEmiector
maim
|t
sortedVector
1
[FEortediector
sortedVector
L
ﬁnrtedﬁ?ectnr
sortedVector
|
[=|
| [ >
Plsow | 2| P W aa ﬂ‘zﬁx Ho ~0 o ™o 08 ™10

SICK
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Template Dependencies and Tool support SICK

Decuducable dependencies

— Code
« Usage/Call graph at runtime
— Templates:
» Usage/Call graph at COMPILE time

— Problems
o Compiler vs. Analysis tools
* Optimization vs. verbose information
— C++ Parsers
« EDG optimizes information away (< EDG 4.0)
« QA/C++ PRL has some more information

Bernhard Merkle ,Stop the Software Architecture Erosi on“
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Boost MPL and Architectural Analysis Tools... SICK
T
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POCO: Architectural Analysis SICK

Features
— threads, MT abstractions
— streams and filesystem access
— shared libraries and class loading
— powerful logging and error reporting
— security
— network programming
— XML parsing and generation
— configuration file and options handling
— SQL database access

PO’

COMMIPOPENT 1%

Lan BPED

Written by Guenter Obiltschnig , a ACCU member and friend

Powered
by POCO

Bernhard Merkle ,Stop the Software Architecture Erosi
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POCO : Should Architecture SICK
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POCO 1.3.3: Overall Layering

SICK

B/
=% |Other
<> POCO.Crypto
<> POCO.Data
<> POCO.NetSSL_OpenSSL
<> POCO.Net
POCO.Util
<> POCO.XML
<> POCO.Zip
=[O |Foundation
[ ] POCO.Foundation

¥

o

-]

+

T+

+

© PACKAGES (directories)

C4+and C standard libraries:
3, other (RTI03 APl

pOSIX, WIN3
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POCO 1.3.3: Violation Util > XML SICK

=les. Fi
[P Other
= & POCO Ut
= 3 util

2 & POCO XML
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POCO Usage s I C K

MARCH 11, 2009

POCO on Tiny Hardware

Filed under: C++, Development, Fun by quenter at 20152

We recently got our hands on a Digl Connect ME 9210, one of the
smallest Linux-capable embedded computers in the world, The system,| & pel
which is just a bit larger than an Ethernet RJ-45 socket, 1s based on an ‘H.EE;.’

ARMO CPU running at 75 MHz, With 4 MB of Flash and & MB or DRAM, the
system Is powerful enough to run POCO-based applications. Far example,
we ported the Mindstorms/iPhone controller application from the demo we
showed at Embedded Waorld in Muremberg to the Connect ME, and it runs great. Well,
porting is a bit overstating, as we merely had to build a new Flash image for the Connect
ME, and update the application’s config file. Well, 3 75 MHz ARMS CPU provides enough
power to run an application with a built-in web server powering an Ajax-enabled website,
also, the performance improvements for the 1.3.4 release help a lot to make the

application work great, additionally, the 1.32.4 release will introduce some minor changes to
help reduce the executable size of statically linked applications. For example, it 15 possible
to build the Util library without xMLConfiguration support, which prevents the =ML library
from being linked in, cutting about E00K from the executable size.

Working with this little device has been a lot of fun, and we are looking forward doing
same cool projects with It.
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POCO : Foundation Dependencies SICK

BCS/

= Foundation
] Events
[] Hashing
] Logging
[] SharedLibrary
[ ] Tasks
] uuDl
] Crypt
] URI
[ ] Processes
[ ] Streams
] Filesystem
] Text
[] RegExp
[ ] Notifications
[] Threading
] Core
] DateTime
[ ] Cache

e Y e O e . O O . Y 2 B 3 R

F [

H [

S N E

ndard “wiﬁ y

C++and Cs5ta
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POCO : Foundation Cycles SICK

architecture | Restructured Code
Qriginal Code | Models — Cycles | Mektrics
[l | Base module cycle groups: 1
9 modules in 1 maodule

El- Package cycle groups: 3

9 packages in 9 modules
4 packages in 1 module
2 packages in 1 module
Eel-- File cycle groups: 18

ECS/

= [ ™™ Foundation
B Processes
B Streams
B Filesystem
B Text
B RegExp
B Notifications
B Threading
B Core
B DateTime
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Some erosion...
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FlightGear:

ey ilightc eaiiela
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FlightGear: Architectural Analysis

f A Sotoarc M3.5 - lightgear20090420 @ localhost - Default® - Advanced Mode
Sokoarc  Projects _Iﬂnde:I Set  Options  Extras Help

Architecture |
Criginal Cade: | Models Cycles

Restruckured Code

Mekrics

e

Package cycle groups: 2
21 packages
..... ( AlModel - src
..... [ ATC-src
----- L CATCDCL - src
----- [ Aircraft - sec
..... [ Airparts - src
..... i Cockpit - src
----- | Environment - s
..... [ FDM-src
..... [ GEUI- s
..... [ HUD - srcfInstrumentation
----- | Inskrurmentation - src
..... [ ELM&9 - srcfInskrumentation
..... [ Model - sre
----- [ MultiPlayer - src
----- [ Mavaids - src
----- [ Mebworlk - src
----- | Scenery - src
..... I Scripking - sre
..... I Sound - sec
----- [ TrafFic - src
-----  builk_in - srefCockpit
2 packages
File: cycls groups: 8

4
> IDD Mot Color Modes

;'I IShu:nw &l References
- 1{Base}
alalny

Y= [T
Bl ]

E ™ PACKAGES (directories)
EO s
B @ |nstrumentatian
@ KLMBY
@ <files in 'Instrumentation's
@® HUD '

&
® 1odel
) Cockpit
@ buit_in
@ <files in 'Cockpit'>
@ Scenery
® cul
@ Traffic
@ AlModel
@ MultiPlayer
@ MNavaids

BH A

HEE

HEA
e
>
oF
=
w

E @ Network
B ™ FOM
@ <filesin 'FDM'>




FlightGear: Architectural Analysis SICK
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URLS, References:

My Podcast at se-radio.net:

Thanks to:

— Axivion/Bauhaus:
» Thomas Eisenbarth
» Bernhard Berger

— Headways/Structurel101:

e lan Sutton
» Paul Hickey

— Programming Research:

* Richard Corden
» Fergus Bolger

— Software Tomography: SotoArc

e Thomas Schoen
 Heinrich Rust

SICK
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