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Modern Software ProblemsModern Software Problems

Importance of nonImportance of non--functional aspectsfunctional aspects
–– Persistency, distribution, Persistency, distribution, monitoring,etcmonitoring,etc..

»» Several possible solutionsSeveral possible solutions
–– quality of service quality of service : reliability, latency, performance...: reliability, latency, performance...

Flexibility of functional aspectsFlexibility of functional aspects: : ProductProduct LinesLines
–– notion of notion of product lines product lines (space, time)(space, time)

Versions
(Time)

Variants (Functionalities)

How to modularize
concerns to handle 

change?

How to modularize
concerns to handle 

change?1.1

1.2

1.01.0 1.0 1.0 1.0 1.0

1.1 1.1 1.1 1.1 1.1

1.2 1.2 1.2 1.2 1.2

1.3 1.3 1.3 1.3 1.3

1.4 1.4 1.4 1.4 1.4
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Example: good modularityExample: good modularity

XML parsing in org.apache.tomcatXML parsing in org.apache.tomcat
–– red shows relevant lines of codered shows relevant lines of code
–– nicely fits in one boxnicely fits in one box

XML parsing
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Example: good modularityExample: good modularity

URL pattern matching in org.apache.tomcatURL pattern matching in org.apache.tomcat
–– red shows relevant lines of codered shows relevant lines of code
–– nicely fits in two boxes (using inheritance)nicely fits in two boxes (using inheritance)

URL pattern matching
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problems like…problems like…

where is logging in org.apache.tomcatwhere is logging in org.apache.tomcat
–– red shows lines of code that handle logging red shows lines of code that handle logging 
–– not in just one placenot in just one place
–– not even in a small number of placesnot even in a small number of places

logging is not modularized
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The World and the ModelThe World and the Model
A Model is a A Model is a simplifiedsimplified representation of arepresentation of ann aspectaspect of of 

the Worldthe World for a for a specificspecific purposepurpose
–– Modeling is separating aspectsModeling is separating aspects
–– UML paved the UML paved the waway y fromfrom OOP to Model OOP to Model BasedBased Engineering (MDE)Engineering (MDE)

M0
(the world)

M1
(modeling
space) Is represented by

Specificity of Engineering:
Model something not yet
existing(in order to build it)

Specificity of Engineering:
Model something not yet
existing(in order to build it)

+Applicant()
+ApplicantInfo()
+MakeApplication()

-companyName : CString
-experience : CString
-reference1 : CString
-reference2 : CString
-reference3 : CString

Applicant

+Person()
+PersonInfo()

-personID : unsigned long
-surname : CString
-givenName : CString
-middleInitial : char
-streetAddress : CString
-postCode : CString
-countryname : CString
-eMailAddress : CString

Person

-is taught by

1

-teaches

0..*
+CourseSession()
+CourseSessionInfo()

-courseSessionID : unsigned long
-courseDate : unsigned long
-courseID : unsigned long
-courseLocation : CString

CourseSession

+AppStatus()
+AppStatusInfo()

-statusCode : char
-statusName : CString

AppStatus

+CourseRegistration()
+CourseRegistrationInfo()

-registrationDate : unsigned long
-completionFlag : bool
-confirmedDate : unsigned long

CourseRegistration

+Test()
+TestInfo()

-testScore : unsigned long
Test

+Application()
+ApplicationInfo()

-productNr : unsigned long
-certificationLevel : unsigned long
-applicationDate : unsigned long

Application

+PermittedStatusChange()
+StatusChangeInfo()

-fromStatus : char
-toStatus : char

PermittedStatusChange

+ExamSession()
+ExamSessionInfo()

-examSession : unsigned long
-examlocation : CString
-examDate : unsigned long

ExamSession

-gives0..*

-is achieved1

-is made by

1

-makes

0..*

-allows change in

0..*

-has a

1..*

-is taken by1

-takes0..*

-is made by a1

-made a1..*

-is in1

-is filled by0..*

-uses

1

-is used in

0..*

-applies to a0..*

-is for a1

+Exam()
+ExamInfo()

-examID : unsigned long
-certificationLevel : unsigned long

Exam

+Employee()
+GetCurrentAge()
+EmployeeInfo()

-jobType : CString
-roomNr : unsigned long
-department : CString
-division : CString
-jobTitle : CString
-manager : unsigned long
-headsDept : CString
-headsDivision : CString
-mobileNr : CString
-birthDate : unsigned long

Employee

+registrationform()

RegistrationForm

-uses*
*

ApplicantApplicantList PersonList

findApplicant()

ApplicationRegForm

Applicant()

findPerson()

addPerson()

addApplication()

Application()

MakeApplication()

ApplicationList

MDEMDE
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ModelingModeling andand WeavingWeaving

Design
Model

Use Case
Model

Security
Model

QoS
Model Business

Model

Object
Model

Test
Model

UI
Model

Plateforme
Model

Code
Model

tester

Challenges:
-Automatic Weaving
-Product Families
-Reusable

meta-programs
(aka Transformaions)

Challenges:
-Automatic Weaving
-Product Families
-Reusable

meta-programs
(aka Transformaions)
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Aspects in a Aspects in a NutNut ShellShell
Aspect Oriented Software Development
– Avoid the tyranny of a dominant decomposition

» Which makes it impossible to modularize some concerns 

AOSD Concepts
– Modularize these concerns in Aspects
– An aspect defines a set of join points
– Weavers to weave aspect logic in the core application

AOP is a subset of AOSD popularized by AOP is a subset of AOSD popularized by AspectJAspectJ
–– KiczalesKiczales et al., ECOOP’97 et al., ECOOP’97 

»» MIT’s one of 10 key technologies for 2010MIT’s one of 10 key technologies for 2010
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EExpectedxpected benefits of using AOPbenefits of using AOP

good modularity,good modularity,
even for crosscutting concernseven for crosscutting concerns

–– less tangled codeless tangled code
–– more natural codemore natural code
–– shorter codeshorter code
–– easier maintenance and evolutioneasier maintenance and evolution

»» easier to reason about, debug, changeeasier to reason about, debug, change
–– more reusablemore reusable

»» library aspectslibrary aspects
»» plug and play aspects when appropriateplug and play aspects when appropriate
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Beyond AOP: Open issues in AOSDBeyond AOP: Open issues in AOSD
Theoretical issuesTheoretical issues
–– Aspect Aspect composabilitycomposability

»» Aspects are non commutative, nonAspects are non commutative, non--associative in the general caseassociative in the general case
–– Semantic point cuts (to avoid  syntax dependencies)Semantic point cuts (to avoid  syntax dependencies)

Software Engineering IssuesSoftware Engineering Issues
–– From Requirements to Tests, through Analysis & DesignFrom Requirements to Tests, through Analysis & Design
–– Relationship with MDERelationship with MDE

Technological IssuesTechnological Issues
–– Tool set, efficiency…Tool set, efficiency…

=> AOSD=> AOSD--Europe Network of ExcellenceEurope Network of Excellence
–– http://www.aosdhttp://www.aosd--europe.neteurope.net//
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