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Context

* Software design: fundamental trade-off
» structure (modularization)
« evolution (adaptation)
+ Basic Principles
* Separation of Concerns (SoC) [Dijkstraés]
« Information hi&ing [Parnas/2]
» Technical means

» modules, classes, objects: limits




Problem Statement

R AOP
- Computational reflection [smithez)
* most general aPProach
» Issues of reflection limit its acceptance
* cost, rigidi’cg, complexitg
8 Aspect~Orientecl Programming [kiczales+971
+ More sPeciﬁc support for modularization
- aspect languages

2 Sacriﬁcing ﬂexibilitg and extensibilitg

Thesis in a nutshell @

* An opcrational model of reflection

* genericity of reflection and speciﬁcitg of AOP
» Versatile substrate for AOP

» based on reflective model

» combined with gui&ance of aspect languages
» Validation

* Prototype imPlementation in Java: Reflex

* Signiﬁcant aPPlications
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Coml:)utationai Reflection

[Smiths2]

XS Computationai system (CS) [Maess]
* program (text) + evaluator

+ Metasystem
o CS manipulating other Programs/CS
° evaluator, ciebugger,

o Reflective system

* CS accessing its own metasgstem




Reflection and Aolal:)tation

* Reﬂoction oPorators [Friedmanwands4]

« reification

Q meta
XS absorption v ('Z.i): b

* A program can
« observe its evaluator’s state (introspection)

° moditg its evaluator (intercession)

* e.g. concurrency at the metaiovel

Reflection & OOP: MOPs

« Structure metalevel interface with OO

* get the benefits of oioject orientation
« abstraction, encapsulation, localized extension
. Metaobject Protocols (MOPs) [Kiczales+91]
o Different models rrerberser

« metaclass [Cointes/], metaobject [Maess7], message

reffication, etc.




MQOPs: Modeling lssues

» nature of metalink mvatsuokaran
» individual based, group wide, hgbrid...

» metalevel structure meafferscl
» structural vs. oPerational clecomposition

2 granularitgj localitg of change [GowingCahill96]
2 ﬁne~grainecl MOPs, multiple reflective models

Master ng Locality

2 Central tension [Kiczales92]

“verg often) the concepts that are most
natural to use at the metalevel crosscut

those Proviclecl at the base level”

° suPPort crosscutting views of a sgstem?




AOP PriﬂCiPICS [Kiczales+97]

« Modularization of crosscutting functionalities

2 Provicling extra composition mechanisms
* GP languages: Procedure call

° responsible for code tangling

> Aspects, Weaver

9 @@

AOP Languages

- Join~Point models asuhara+os]
2 join~Points
- Points of reference in a base program that
aspects can affect
* means of iclenthcgingjoin Points

+ means of egecting atjoin Points




AOP & Reflection

“AOP is a goal, for which reflection is one Powemcul tool”
[Kiczales+97]

“AOP is not reflection” ) o ,
[Douence04] “AOP 1s a Prmcup!ed subset of reflection”

. [KiczalesO1]
« Relation

» reflection can be used for aspect weaving,
» used inthe earlg exPeriments on AOP
+ Intrigue
» first, ideas of reflection and MOPs
o then, shift to “reflection-free” discourse

« what’s the realit9 behind? spectrum/ range”?
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Contributions

« Partial Behavioral Reflection

« Versatile AOP Kernels

» Reflex/Java, Open lmplementa’cion

. APPlications

SPeciﬁc Context

« Behavioral reflection / runtime MOPs

2 ) metaobjects reasoning an& acting u[:)on
reifications of a program described in terms

of o[:)crations McA9S]

metaobject

- meta
° SPecnqc Issues refication ()

/
,/ metalink
/

control
flow

base object 16




1. Cost Issue

7S Rei@ing oPeration occurrences Is

expensi\/e
Aa-= hOO‘(
metaobj.handle(
Aa-= # new Call(this, o,
o.foo(5); o.getClass().getMethod(“foo”),
new Object[]{new Integer(5)}));

. rei?g onlg when needed

2 rei{g onlg needed information (+how)

2. Metalink Issue

o Classical view on metalink

« entity-based: per obiect, per class
Y per objech p

* leadsto tanglccl metalevel

@ @ meta
@0 => 00 b

XY what we want: a concern~basecl metalevel

@) Q fo) meta

O O base




5. MOP Design [ssue

» Definition of the Precise Protocol
between levels
« Trade-off
* expressiveness / Pemcormance / ﬂexibilit9
+ Frozen in existing reflective systems

+ atleast rigicl (e.g. [GowingCahillog])

Pro Posa l [OOPSLAO3]

° Operational model of Partial Reflection
« Selective reification
+ Linksas comqgurable first-class entities

S Open MOP support / MOP sPecialization

20




Selective reification

° Sgstematic analgsis of Partialitg

* SPatial selection
« what should be reified?

* entities, o[:)erations, oPeration occurrences
2 Temporal selection

* when to reigg?

29 clgnamica”g-evalua’ced conditions

* g transparent Futures

21

Links o/ -

Eb Condition

¢
-

R GFOUP SCICCtCCl hOO‘(S N a hOOl(SCt (st class, composable)

o Flexible metalink

« Bind hookset to metaobject
« Attributes

* scope: global, classj object

o meta

activation: Preclxcate base

°
2 J control: bC]COr'C amcter re Iace

’ TP kA linkc
°
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OPcn MOFP SuPPort

° SPeciﬁc MOPs are defined bg metalevel

architects

« whatisan oPcration? which are suPPortecl?

« interface of metaobjects (methocl and clata)

« Several MOPs can coexist
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MOP SPecialization

» Flexible and ﬁne~grainec! specialization
* call generator clescriptors
2 J tgpe, method and Parameters

* MOP Glescriptors per  [scccod]

2 operation
* link

* hookset

24




MOP SPecialization for SOM

[ECOOPO4]

somLink = API.links().addLink(MsgReceive.class, ...);
somLink.setControl(Control.BEFORE_AFTER);

Using standard MOP

_mo_somLink.beforeMsgReceive([m, r, args]);

E::::%::>>

_mo_somLink.afterMsgReceive([m, r, args, res]);

Using specialized MOP

somLink.setMOCall(Control .BEFORE, Scheduler.class, “enter”,
nameP, argsP);
somLink.setMOCall(Control .AFTER, Scheduler.class, “exit”);

_mo_somLink.enter(“put”, [ o 1);

E::::#::>>

_mo_somLink.exit();
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MOP SPecialization for SOM

~ buger) ] slot) ] Producer, N consumers -

time (ms)
8,500 o
6,575 p)
4,250 2
2125 1
[e] (0]
2 4r 8 16 32 64 128 2 4+ 8 16 32 64 128 consumers

O standard MOP © sPccializecl MOP sPcecluP

as efficient as hand-made source code modffication 2%




Contributions

« Partial Behavioral Reflection

« Versatile AOP Kernels

» Reflex/Java, Open lmplementation

. APPlications
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SPeciﬁc Context

° Varietg omc AOP Proposals

* exPloring the clesign space

» different models

2 domain«speciﬁc VS. genera|~[:>urpose
. combining different aPProaches

- depending on tackled concern (&omain)

. Positive rePorts [Rashidoi]




Issues

) Compatibi litg

* Reuse o{: weaver
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Features of AOP

° Analysis of AOP Proposals

* asymmetric aPProaches (e.g., Poi

° Anatomg of AOP languages

2 J sub~languages
* cut: where

« action: what

- bincling: association, instantiation

« behavior and structure

ntcut-Advice)
[Masulﬂara+O§,Wancl+O"r]
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Kemel Requirements EASO4]

s AsPect languages
* open suPPor’c, modular integration
« Behavior and structure
* expressive cut, complete action, separate binding
2 Composition and collaboration
2 Explicit interactions aPPlication / aspects

* 5866-18 nguage complia nce
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KC rﬂCI APProaCh [(AOSDO5)]

* (Use Partial reflection as base

* generalitg+5|:>ecializabili’t9 = Versatihtg
2 MaPPing

* cut: introspection (hookset, activation)

* action: intercession (metaobject)
- binc]ing: metalink (link, MOP)

in cflow?

» Abstraction gap
* eg,an AsPectJ aspect with cflow
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Kernel chuirements

 J Asl:)ect languages
* open support, modular integration
« Behavior and structure
* expressive cut, complete action, separate binding
* Composition and collaboration
2 Explicit interactions application / aspects

* ESEhSCi~lENWE;LK35§$3(:C)ﬂ1F)h23rH:<3

»

AsPect Languages

» Abstraction gap
* laspect =] linkset = n links
2 Lightweight Plugin architecture
* Plugin = AL parser + kernel definitions

s AL general~|:>ur]:>ose or Aomaimspeciﬁc

schedule: BoundedBuffer with: MyScheduler

° ComPosition and traceabilitg
o conflicts detected on links

* FCPOT'th ancl I’CSOIVCCJ on liﬂ‘(SCtS
>4




Contributions

« Partial Behavioral Reflection
« Versatile AOP Kernels
o Reflex/Java, Open lmplementation

. APPlications

b2/

Reflex for Java

[Reflection0l, OOPSLAO?, (AOSDO5)]
° Working implementation

2 Portable and efficient
2 bgtecode transformation (Uavassist [Chiba0o,Chiba+o31)
2 Open lmPlemeﬂtation
+ iterative process, Progressive decoupling
« intensive use of Ol clesign guiclclines [Kiczales+97b]

« modular and extensible:
+ Core Reflex / API (180 classes)
» Standard librarg: oPerations, base me’caobjects...

- Tools, examples, Plugins...
36




Contributions

« Partial Behavioral Reflection
« Versatile AOP Kernels
* Reﬂex/Java) OPen lmplementation

° APPIications
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/—\Pplications

« Reference management in mobile code
.o . , [SCCCOLEWMOS02]
* lnl’clal motivation and requnrements
° Transparent futures [OOPSLAO?]
28 exPressive MOP and selection, ’cemPoral selection
XS Sequential Object Monitors (SOM) [Ecoopro4]
+ MOP sPeciaIization, eﬂ;’ciencg, DSAL
« subset of Asl:)ectJ [SCCCO4]

- Agnamic crosscutting, eﬁqciencg) GFAL
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» Model of Partial Reflection

« Achievements
« balance trade-off between genericitg / sPeciﬁcitg
» flexible metalink, MOP sPecialization
+ in between low-level and highievel tools
. Portable, efficient, aPPlicable imPlementa’cion
2 Perspectives
+ influence of “real-world constraints”
~ trade-off structu re/ adap‘cation
2 Fu”g——static and Fu”g—clgnamic contexts
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o AOP Kernels

» Achievements
» identification of the need and analgsis
* first prototype, inclucling composition
+ combine power of reflection and guiclance of
aspec’c languages
* Perspectives
» AO models: prototgpes, basic blocks
2 ﬁner~grained, more Precise, interactions
+ backto aPPlica’cions: Grid comPuting, Web apps, ...

* DSALs: cﬂesign, composition and interactions
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