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Context

* Software clesig’l: fundamental trade-oft

« structure (modularization)

* evolution (aclal:)tation)
* Basic Principles
° Separation of Concerns (SoC) [Dijkstraééi]

+ Information hic]ing [Parnas72]

o Technical means

® MOC ules) classes) object& limits



Problem Statement

R AOP
TS Coml:)utational reflection [Smiths2]

® most genera aPProach

o Issues of reflection limit its accelatance
* cost, rigiciitg, complexitg
TS Aspect~0rieﬂted Programmi NG, [Kiczales+97]

* More speciﬁc suPPor‘c for modularization
 J asl:)ect languages

XS Sacriﬁcing ﬂexibi!itg and extensibility



Thesis in a nutshell @

* An operational model of reflection
° genericitg of reflection and speciﬁcity of AOP
* Versatile substrate for AOP

« based on reflective model

o combined with guiclance of aspect languages

+ Validation

« Prototype implementation in Java: Reflex
ype imp

° Signhqcant aPPIications
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Com Putatlonal Reflection

[SmnthSZ]

> Computational sgstem (CS) [Maess7]
* program (text) + evaluator
TS Metasgstem

o CS manipulating other Programs/ CS

* evaluator, clebugger,

o Reflective sgstem

o CS accessing its own metasgstem



Reflection and Aclaptation

) RCHCCtiOﬂ OPCrators [FriedmanWands84]

* reification

° absorption

* A program can

O)

O

meta

base

« observe its evaluator’s state (introspection)

° moclhcg its evaluator (intercession)

* e.g concurrency at the metalevc—:l



Reflection & OOP: MOPs

o Structure metalevel interface with OO

* get the benefits of object orientation
* abstraction, encapsulatiorw, localized extension

) Metaobject Protocols (MOPs) [Kiczales+a1]

o Ditterent models [Ferbers9]

* metaclass [Cointes/], metaobject [Maes87], message

reification, etc.



MOPs: Modeling lssues

& nature omC metali n|< [Matsuoka+91]
* individual basecl) group wide, hgbri&...
® metale\/el structure Mcafferos]

o structural vs. oPerational clecomposition
4 graﬂularity, localitg OF Chaﬂge [GowingCahﬂI?é]

* ﬁne~grainecl MOPs, multiple reflective models
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Master ng, Locality

* Cc—:ntral tension [Kiczales92]

“very oFten, the concel:)ts that are most
natural to use at the metalevel crosscut

those Proviclecl at the base level’

® suPPort Crosscuttiﬂg VIEWS omc a sgstem’?
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AQOP Princi Ples [Kiczalest971

» Modularization of crossc:utting functionalities

° Provicling extra ComPosition mechanisms
o GF languages: Procedure call

XS resPonsible for code tangling

* AsPects, Weaver

P
@ WEAVER
@ @ SYSTEM




AQOFP Languages

) JOiﬂ"POiﬂt mOCJGIS [Masuhara+03]

° join»-—looints

2 Points of reference in a base program that

asPects can agect

® Mmeans o

. identi?gingjoin Points

® means o

[ efHectin g atjoi N Poi nts

b



AOP & Reflection

‘AOP 1s a goal) for which reflection is one Powerful tool”
[Kicza les+97 ]

“AOP is not reflection’ / o ,
[DouenceO4] “AOP 1s a Prmoplecl subset of reflection”

, [KiczalesO1]
+ Relation
o reflection can be used for asPec’c Weaving

o used in the earlg experiments on AOP

* Intrigue
» first, ideas of reflection and MOPs

° then, shitt to “reflection-free” discourse

« what’s the rea!itg behind? spec‘crum / range”?
4
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Contributions

o Partial Behavioral Reflection

* Versatile AOP Kernels

o Reflex/Java, Open lmplementa’tion

XS Applications

16



Speciﬁc Context

* Behavio

-al reflection / runtime MOPs

*® metao

Djects reasoning and acting upon

reifications of a program described in terms

of oPerations [McA9S]

XS SPeciﬁc

metaobject

meta
ISSUECS reification O

control — [ @--.}-1NQ0K ]3 ase
flow <=—

base object



. Cost Issue

*

Rehcb ing oPeration OCCUITENCES IS

expe nsive

Aa = hook

metaobj.handle(

A a =

E:::E: new Call(this, o,
o.foo(5); o.getClass().getMethod(“foo0”),

new Object[]{new Integer(5)}));

TS rehcg only when needed

X rci% only needed information (+how)
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2. Metalink Issue

o Classical view on metalink

S entit9~based: per object, per class

* |eacls to tanglecl metalevel

S © meta
O > 50 b

* what we want: a concem-basecl metalevel

Q Q Q meta

O Q b
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5. MOP Design |lssue

o Definition of the Precise Protocol

between le\/els
+ Trade-off

TS exPressiveness / Pemcormance / ﬂexibilit9

o Frozen in existiﬂg reflective sgstems

o atleast rigicl (e.g. [GowingCahilloé])

20



Proposal [OOPSLAOS!

XS OPerational model of Partial Reflection

« Selective reification

o Links as comqgurablc first-class entities
v * Open MOFP support / MOP sPecialization

21



Selective reification

S Sgstematic analgsis of Partiality

° Spatial selection

+ what should be reified?

* entities, oPerations, oPeration occurrences

+ Temporal selection

* when to rehcg?
XS cignamica”9~eva|uateci conditions

* cg transparent Futures

22



Links S8 9/

Condition

E 5 O / Event
Flexible metalink /

* GFOUP se CCtCCl }'IOO‘(S N a l"IOOl(SCt (st class, composable)

+ Bind hookset to metaobject
o Attributes

* scope: global, class, objec:t

Q meta

& activation: Preclicate Hase

* control: before, after, replace LA ik
N in

* 0
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OPen MQOVFP Support

° Speciﬁc MOPs are defined bﬂ metalevel

architects

« whatis an ol:)eration? which are supportecl?

* interface of metaobjects (methoci and cJata)

o Several MOPs can coexist

24



MOP Specialization

+ Flexible and ﬁne—-graine& specialization

* call generator descril:)tors

* ty pe, method and Parameters
N,

* MOFP clescril:)tors per  [scccot]

° oPeration
* link

TS hookset

25



MOP SPecialization for SOM

[ECOOP0O4]

somLink = API.links().addLink(MsgReceive.class, ...);
somL1ink.setControl(Control .BEFORE_AFTER);

Using standard MOP

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

—

_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 ]);

_mo_somLink.ex1t();

26




MOP SPecialization for SOM

~ buger, ] slot, 1 Proclucer, N consumers -

time (ms)
8,500 4

6,575 5

4250 2

2,125

O O
2 4 8 16 32 64 128 2 4 8 16 32 64 128 consumers

O standard MOP © specializecl MOP speeclul:)

as eHicient as hand-made source code modification 27



Contributions
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e Versatile AOP Kernels

o Reflex/Java, Open lmplementa’tion

XS Applications



Speciﬁc Context

XS Varietg of AOP Proposals
XS exploring the clesign space

o different models

> comain~speciﬁc VS. general—-PurPose
XS combining diHferent aPProac]ﬂes

> clePencling on tackled concern (domain)

* Positive rel:)orts [Rashidor1]
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lssues

XS Compa’cibilitg

& Reuse O1C weaver

-

compose

weave

L1

application

L2

AOP Kernels

-

\ !

\ /
\ /
\ /
compose
translate

compose

I

I

[}
translate

L1 L2

weave
application

KERNEL
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Features of AOP

TS Analgsis of AOP Proposals

* asymmetric aPProaches (e.g.J Pointcut-Advice)
[Masuhara+0% Wand+04]

° Anatomg of AOP languages

) 4 sub-languages
* cut: WI’)CFC

* action: what

Dincling: association, instantiation

o |
behavi d
® benavior and structure

bl



Kerﬂel RCqUirCantS [EIWASO4]

° Aspect laﬂguages

* open sup bort, modular integration

« Behavior and structure

* expressive cut, complete action, separate bincling

XS Coml:)osition and collaboration

——

XS .__xplidt interactions al:)l:)lication/ asl:)ects

{

XS Base-.anguage Compliancc




KCFI’]CI APPFOBCl"l [GPCEOS]

* (se Partial reflection as base

* generalitg+5Pecia|izabi|itg —> Versatilit9
* Mal:)l:)ing

* cut: introspection (hookset, activation)

« action: intercession (metaobject) o
IN CTIOW ¢
° bincling: metalink (link, MOP) ? o >?
o Abstraction gap .

* g, an Asl:)ectJ aspect with cflow E 3 C 13

2




Kernel Requirements

° /—\sl:)ect languages

* open support, modular integration

o Behavior and structure

* expressive cut, complete action, separate bincling

 Com

~osition and collaboration

° Explf

cit interactions aPPIication / asl:)ects

XS ]585@~|anguagc compliance

bax



Aspect Languages

o Abstraction gap

o | asPec’t =1linkset = n links

S Lightweight Plugin architecture

* Plugin = AL parser + kernel definitions

o AL general»-l:)url:)ose or domain—-speciﬁc

schedule: BoundedBuffer with: MyScheduler

XS Composition and traceabilitg

o conflicts detected on links

° rePor’ted and resolved on linksets

2



Contributions

o Partial Behavioral Reflection
* Versatile AOP Kernels
o Reflex/Java, OPCH lmplemcntation

XS Applications



Reflex for Java

[Reflection01, OOPSLA03 GPCEO5]

XS Working implementation

XS Portablc and eHicient

* b
W,

° OPeﬂ

tecode transformation (Javassist [Chibaoo,Chiba+03])

mplementation

* iterative process, Progressi\/e clecoupling

« intensive use of O] clesign guiclelines [Kiczales+97b]

+ modular and extensible:
o Core Reflex / API (180 classes)

» Standard |ibrar9: oPerations, base metaobjects...

> Tools, examples, Plugins...

57



Contributions

o Partial Behavioral Reflection
* Versatile AOP Kernels
o Reflex/Java, Open lmPlementation

TS APPIications

58



Applications

o Reference management in mobile code

« initial motivation and requircments

[SCCCOlLEWMOS02]

TS Transparent Futures [OOPSLAO?]

®* X

Sressive MOP and selection, temporal selection

° SCC]L

* MOP specialization, C]C]inCI"ICH) DSAL

ential Object Monitors (SOM) [Ecooro4]

o subset of /—\spectJ [SCCCOo4]

o dy

namic crosscutting, eiqiciencg, GFAL

29
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o Model of Partial Reflection

o Achievements

» balance trade-off between genericity / sPeciﬁcitg

» flexible metalink, MOP specia

« in between low-level and higﬂ—-

ization

evel too|5

* Port’able, etficient, aPPlicab e imPlementation

* Persl:)ectives

« influence of “real-world constraints’

 J tracle-oﬁc structure/ acla Ptatiom

) 1Cu“5~static and Fu”g—-clgnamic contexts

41



o AOP Kernels

o Achievements
» identification of the need and analysis
* first prototype, inclucling comPosition
» combine power of reflection and guiclance of
asPect |anguages

* Perspectives

» AO models: Prototgpes, basic blocks

° ﬁner—-grained, more Precise, interactions

» back to aPPIications: Grid computing Web apps, ...

* DSALs: clesign) composition and interactions

42
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