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2> How to achieve good architectures?

Keep It S|mp|e| Component addresses a

single concern

Loosely coupled | T

- Simple
components

interfaces
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2+ It does not matter...

... if the intended architecture is well defined:

but...



The actual architecture is in the source code:
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2 Software Architecture Degradation is...

+ continuous quality decay of architecture design

+ evolving systems: changes are made everyday




“2*> Architecture software degradation ...

... Why do we care? A

Memory manager component - Linux &

Taylor, R. et al. Software Architecture: Foundations, Theory and Practice. Wiley Publishing. 2009
Nenad Medvidovi¢. When, Where, and Why Do Software Systems Architectures Decay? March 2013.
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Why do we care?
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2> Why do we care?
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% Why do we care?

Actual architecture - Hadoop

Nenad Medvidovi¢. When, Where, and Why Do Software Systems Architectures Decay? March 2013. .
10



“2> Intended architecture of a software system

+ ... defines how developers actually communicate and work
on the system’s “building blocks”
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2> Actual architecture of the same...

... software system



.ea Architectural Erosion
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.ea Architectural Erosion
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> Architectural Drift
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«2*> Drift often manifest as code anomalies...

... God Classes,
Feature Envies, ....

... and many other program anomalies




% Why do we care?

+ Netscape, Motzilla, EJB, FindBugs and ArgoUML
+ several years of production

+ These projects involved USS millions
+ ... millions and millions of users in many countries
s ... dozens of developers

+ Degradation affects several software domains:

+ Health care, mobile applications, banking, finantial
market analysis, ...
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+2» Recent Advances...

+ Architecture recovery techniques
+ Recovery of actual architectures from source code
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“2> Architecture Recovery techniques are...

¢ ... useless to support detection of architectural
problems in the program in these cases

+ they retrieve components, which do not correspond
to actual components

+ reason: intended software architecture is already diffused;
packages do not match architectural components

+ they do not retrieve enough information: interfaces,
dependencies, etc...

+ reason: intended software architecture is already diffused
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+2» Recent Advances...

+ Erosion detection in source code
+ DSLs to describe (and check) anti-erosion rules

+ Drift detection in source code
+ DSLs to describe (and check) anti-drift rules
+ Metrics-based strategies
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% Existing Anti-Degradation Techniques

bat2xml clonedetections
dcl findbugs
fxcop incode jslint
ndepend reek saikuro
semmle sonar Xirc ..

... supports either drift- OR erosion-prevention rules
... for different program languages



«2» Anti-Erosion and Anti-Drift Rules

Architectural ArchitecturalConcept Action { parent AbsAppAction}
Mapping ArchitecturalConcept Engine { suffix Engine }

only Action can-access Engine

Anti-Erosion Action must declare Services

Rules ExportCSV must access "javax.servlet.http”
ExportCSV cannot access Indicators, Layout
Engine must depend Indicators, Layout

Bloated Interfaces, Ambiguous Interfaces

Anti-Drift GodClass {

Rules Coupling > 7
Cohesion, TopValues(25%)

MethodComplexity, TopValues(25%)
}
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% Why Developers Overlook ...

... Architecture Degradation Symptoms?
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% Why Developers Overlook ...

.. Architecture Degradation Symptoms?
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% Empirical Methods

+ Exploratory quantitative studies

+ 7 software projects, such as:
¢ PDP —Company X
+ Platform for financial market analysis — Company Y
+ OODT — NASA/Apache
+ MIDAS —Bosch
+ Logistics Framework —Company Z
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2> Why Developers Overlook ...

... Architecture Degradation Symptoms?

7 Lessons Learned




% Why Developers Overlook ...

... Architecture Degradation Symptoms?

Detection
Accuracy

~
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‘% Downstream Analysis

Architecture problems and code anomalies were
related in




2> Upstream Analysis

Lack of ranking support

|File name IphJumber of Changes
I {zreftrunkPOP T VG obo POP ' ebdinicial aspi.cs T4
I tzreftrunkFOR T VGlobo POF BusinessfhapaController.cs 40
I tsrettrunkd FOPI TV Globo POP Datafccess OracletAreaDataAccessOra 34
M tzreftrunk PO TV Globo POP BusinessPOPSerico.cs 34
I {srettrunkd POPT Y Globo POP Webd Service s CF POP Senvices os jex]
1A fsrettrunkFORITVGlobo POP . Webd Services/POP Services oS i
I fsreftrunkdFORIT Y Globo FOP CommondEntitiestAreacs A
I fsrettrunkd FOPIT Y Globo POP WCF Interface(POPServicolnterface.cs 30
I fzrcttrunkd/ FOP TV Globo POP Progy P rogy.cs an
I tzreftrunkFOP T VGlobo POF Databfccess OraclelMapaDatafcoessOr 206
I tzreftrunkFOP T VG obo POP . WebiHandlers/im agemDollapa.ashi.cs 20

P fzrcttrunk/ POP TV Globo POP WebfHandlers! UploadF otos.ashi.cs 19

M tzreftrunkPOP TV Globo POP Webd ServicesM W CFSGMServices.cs 16

I {srettrunkdPOPITVGlobo POP WebdGlobal. asak oz 15

I tzreftrunkFOP T VG obo POF . CommonfEntitiesffMapacs 15

P tzreftrunk PO TV Globo POF . Testsfintegrationf realntegrationT ests.c: 12

I tzrettrunk/ PFOP TV Globo POP .CommonRepositariesfRepositariollap. 13

I {zrettrunkPOPY TV Globo POP .CommondRepo sitariesfiRepasitoriofrea 12

I tzreftrunk i POP TV Globo POP wWebdDef aulk.aspi.cs 12

I fsreftrunkdFORI TV Globo POP Datafccess OraclefFotoDataf ceessOrs il

P fzreftrunk P OPYT WG obo POP . WebtServicesiMMapalmagelploader.cs 9

M fzredtrunk ! POPYT WiGlobo POP. TeststUnit TesteiMapalnitTests.cs

M tzrettrunk (P OP T ¥iGlobo POP. TeststGUNMapaFisture. o=

M fzreftrunk P OP T G obo POP . WebfPresentersiMainP agePresenter.cs

P f=reftrunk ! P OPYT Y Globo POP. TeststIntegrationfFotosintegration Tests.q

M tzredtrunk P OPY T ViGlobo PO . CommondEntitiesfF oto.cs

I tzrettrunk P OP T ¥iGlobo POP.Webt ServicesiUploaderAdaprer.cs

I fzreftrunk AP OP T WGl obo FOF . WebiLogin.aspr.cs

I tzreftrunk P OP T VGl obo POP. TestsfIntegrationftributosDadreantegra

P f=zreftrunk ! P OPYT Y Globo POP.Commontyalue Objects{Pontos.cs

P fsredtrunk P OPY T YGlobo POP . Webl SevicestSGMServices.es

M tzrettrunk P DR T ¥iGlobo POR . WebiHandlersiUploadhdapaHandler ashe.c

P f=redtrunk P OFT YGlobo FOP . TestsfUtiLes

P fsredtrunk P OPTYGlobo FOP BusinesstAtributo s Controller.cs

P f=zreftrunk P OPYT W Globo POP . WebtSemice st S GRMMapalmageUploader.:
I tzreftrunk P OP T ¥iGlobo POP.Webl ServicesifocAgendaService s

B USI N ESS I fzreftrunk P OPY T WGl obo FOF . WebiHandlersiUploadvideos. ashics

P f=redtrunk P ORI T YGlobo FOP.CommonfEntitiesfUsuario.cs

M tzredtrunk PO T ViGlobo POP. CommondEntitiesf Atributo.cs

M tzrettrunk P OP T ¥iGlobo POP BusinesstServicoDePrevisaoDaTempo.:

M tzrettrunk P DR T ¥iGlobo POF Business!POPBusinessF actarny.cs
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2> Too many DRIFT candidates to inspect...

oo Codeplex-DLR - Microsoft Visual Studic
File Edit View Project Build Debug Team Data Tools .NET Reflector NDepend Architecture Test ReSharper Analyze Window Help
R ER R ™ - B R +| [Any cPU ~| | (% UncoverableByTestAttribute | | & 5% 3 (59

11 Dependency Matrix
REH - 5-B]0

Weight on Cells: | Direct: = members

» &1- 5| b [Debug

... detect
thousands of code anomalies

Metrics

@) shov

x

a
Pin / Unpin Content 488 bincells -Ml-@

X0qj00L

792 methods of the assembly (221738 lines)

Microsoft Dynamic
v1.000

) (+16 10 )

lo1 23458
3 IronRuby_Libraries. () k 12 12
IronRuby Libraries 1 [RE3 N!x
3 IrenRuby ) 139 958

3 IronPythonTest 3
Module 4

2

are using
364 members of the assembly

Microsoft. Scripting Core
v1.000

2 Microsoft.Dynamic

Jauojdig uonnjog A8 (Adws) yp3 L=nd 10D E

3 Microsoft. Scripting 6 .

3 Microsaft. Dynamic 7 Y= [Haskell] String permutatio A Re: [Haskell] String permut [ Gmail - Inbex (323) - rebert » |~ Sonar - All Sonar plugins = X

‘3 Microsoft Scripting 8 t =
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3 Microsoft. Scripting

Configuration Login #2 &

3 mscorlib 1"
2 System 12
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% But many irrelevant code anomalies
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2> Architectural Relevance of Code Anomalies

4 cu public class ComplaintRepof

public class HWFacade{

.;;ublic int insert(..){..}

public void updateComplaint(..){..} ‘\\ <<subsystem>> public void up
public Complaint searchComplaint(..){..} | public int ge
public void insertComplaint(..){..} g public boole
Tiiininoe \ public Complaint search(..){..}
publ!c void insertEmployee(..){..} \ Emgloyee public void reset(_.){..}
publ!c Eni\ployee searchEmployee(..){..} é\ymptom public Object next(..){..}
pUbiic:¥olg DpagieEmployestai SR Comgaint public void remove(..){..}
: e ,Q ‘ public List getList(..){..}
public void insertSymptom(..\..} HWFatade TE3 Business public boolean hasNext(..){..}
DUSHE M 0nE e e 7 public void updateTimestamp(..){..}
public void updateSymptom(..\..} ). public int searchTimestamp(..){..}
) <<subsystem>>
} }
{3 pata
<<subsystem>>
EmployeeArray
ComplaintRepo
Repository
ArrayRepository
Factory




% 7 Lessons — Why Developers Overlook ...

... Architecture Degradation Symptoms?

1. Lack of prioritization support

November 13 33



2% Studying prioritization models

+ Which other characteristics could be explored for
detecting architecturally-relevant code anomalies ?
+ Change density
+ Error density
+ Anomaly density
+ Code anomaly type
+ Etc...

Q Roberta Arcoverde et al - RSSE/ICSE 2012: Automatically Detecting Architecturally-Relevant
Code Anomalies

O Roberta Arcoverde et al — SBES 2013: Prioritization of Code Anomalies Based on
Architecture Sensitiveness. SBES'13) Brasilia, Brazil, September 2013.



<2* Prioritization heuristics

Change "W o D "
density MV 5 7 o
PDP 10 10 100%
Error HW 14 2 .
. tymy 10 8 70%
density oDP T 8 70%

60%
70%

Anomaly HW 0

. MM 10
density
PDP 10 70%

10 90%

e L ——

0 W
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% 7 Lessons — Why Developers Overlook ...

... Architecture Degradation Symptoms?
1. Lack of prioritization support

2. There is no ‘universal’ prioritization model

3. Prioritization models: satisfactory results too late
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<2* Prioritization heuristics

Change " o )
density MM > 7
PDP 10 10 100%
Error HW - % =
_ MM 10 8
density PDP 10 £ @
Anomaly "W 0 !
density VIV v .
PDP 10 8
MIDAS 10 6 202

w



% Earliness of Anomaly

+ Early anomalies often appear in the 15t version

18%

Of all architecturally-relevant
code anomalies were identified

S -
early anomalies



«2e Earliness of Architectural Problems

+ Early anomalies often appear in the 15t version

Related to almost

18% = 40°/Q

Of all architecturally-relevant code

. ) of all the
anomalies were introduced as

architectural
early problems

3
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¢ 15t version

public class HWFacade{

public void updateComplaint(..){..}
public Complaint searchComplaint(..){..}
public void insertComplaint(..){..}

public void insertEmployee(..){..}
public Employee searchEmployee(..){..}
public void updateEmployee(..){..}

November 25
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‘2 Example: fixing here is expensive

+ Version 10

public class HWFacade{

public void updateComplaint(..){..}
public Complaint searchComplaint(..){..}
public void insertComplaint(..){..}

public void insertEmployee(..){..}
public Employee searchEmployee(..){..}
public void updateEmployee(..){..}

public void insertSymptom(..){..}
public Symptom searchSymptom(..){..}
public void updateSymptom(..){..}

November 25
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«2> Priorization Heuristics: conclusions

+ Heuristics proposed were able to correctly outline
architecturally-relevant anomalies

+ Ranked elements were architecturally relevant in 75%-85%
average

+ Anomaly density heuristic presented very good results

+ Code modules infected by multiple code anomalies were
often related to architectural problems

+ ldentification of code anomaly patterns

+ Mapping-based prioritization was even better

+ ... but there is a cost involved to produce and maintain these
architecture-code mappings



% 7 Lessons — Why Developers Overlook ...

... Architecture Degradation Symptoms?
1. Lack of prioritization support
2. There is no ‘universal’ prioritization model
3. Prioritization: satisfactory results too late
4. Critical code anomalies are often introduced early
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2> What about Upfront Detection?

... when developers write their own architectural rules?

|

+ 2"dstage - Case studies (in situ): 7 software projects

Observations, questionaries and interviews
November 13 44



% Empirical Methods

+ Case studies (in situ)
+ 1 case study: accuracy vs. effort
+ 6 software projects in the same domain: reuse of rules

+ Observations, questionaries and interviews with architects
and developers
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% Why Developers Overlook ...

... Architecture Degradation Symptoms?

Iz\etectlon Overall [,
ccuracy Effort Mapping
Rule
> Description

Architecture
Problem Detection

November 25 46



% What about Upfront Detection?

Accuracy Effort

¢ Comparison:
Specification and Detection of Architectural Rules

VS.
Code Inspection

November 13 47



% What about Upfront Detection?

) Accuracy Effort
N\
Architectural 85%.. 95°%;
Rules

(... but a few ‘universal’ drift
rules could be reused)

Code 85%.. 95%

Inspection
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‘2> False positives were related to ...

...the nature of multiparadigm of software

projects
Al e
r Apresentagio
| Htm
D .
e
I‘ Control
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% What about Upfront Detection?

Overall %
) Accuracy Effort —
AN
(per subsystem)
Architectural 90%.. 100% 22 hours
Rules -37,5%
Code 90%.. 100% 16 hours

Inspection

November 13 {0)



% Effort is Too High

Configuration
Effort :

(per subsystem)

Strate Configuration | Detection | Total
gy (hour) (hour) (hour)
Code inspection 0 16 16
Architectural
rules 20 2 22
Architectural Rules
Mapping Tailoring Total (hour)
(hour) (hour)
Architectural
rules 12 3 20

(anti-drift rules)



“2*> Reuse to pay off the upfront effort?

Same Domain:

¢ Reuse of architectural rules Financial Markot Analysis

System 2

(@ System 3

Architeture

Rules
/g
(@ | )
Architeture| System 1 Family of 7 Systems
Rules Same ‘Architecture Reference’
a Same Company, Practices, Frameworks
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% 7 Lessons — Why Developers Overlook ...

... Architecture Degradation Symptoms?
. Lack of prioritization support
. There is no ‘universal’ prioritization model

. Prioritization models tend to yield satisfactory results too late

. Effort on upfront detection is costly or prohibitive

1

2

3

4. Critical code anomalies are often introduced early

5

6. False negatives in multi-paradigm software projects
7

. Reuse of anti-drift rules are hard
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«2» Possible solutions

+ Better support for reuse of architectural rules
+ Per concerns in a domain
o Our initial results are promising

+ Synthesizing code anomalies -> architectural
problems

¢ Further study degradation symptoms in multi-
paradigm projects

+ Exploit informal architectural blueprints to
improve static analysis and early detection
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