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StartingStarting PointPoint

�� Goal:Goal: Experiment Various ParadigmsExperiment Various Paradigms
�� MultipleMultiple--InheritanceInheritance
�� AspectAspect--Oriented ProgrammingOriented Programming
�� MixinMixin--based Inheritancebased Inheritance
�� Types Types 
�� ......

�� RequirementsRequirements: a "Ball of: a "Ball of MudMud" (© R." (© R. FatemanFateman ;;--))
�� OOOO Programming LanguageProgramming Language
�� API + "API + "frameworkframework" to" to easeease changeschanges
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Why Extend SmalltalkWhy Extend Smalltalk??

�� PowerfullPowerfull ((Reflective FacilitiesReflective Facilities))
�� Simple &Simple & UniformUniform

�� DifficultDifficult toto definedefine newnew kindskinds of classesof classes
��MetaclassesMetaclasses areare ImplicitImplicit
��Parallel Inheritance HierarchiesParallel Inheritance Hierarchies

�� ComplexComplex to changeto change the evaluation processthe evaluation process
�� No API orNo API or framework easingframework easing extensionsextensions
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Smalltalk MetaclassesSmalltalk Metaclasses areare ImplicitImplicit

MetaclassesMetaclasses: Classes: Classes whichwhich instances areinstances are alsoalso classesclasses
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Smalltalk Parallel Inheritance HierarchiesSmalltalk Parallel Inheritance Hierarchies

Object Object class
is instance of

Boolean Boolean class

False False classTrue True class

inherits from

new
self error: 'Abstract class'

True & False
become abstract!
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OutlineOutline

�� What is MetaclassTalkWhat is MetaclassTalk??

�� ClassClass Properties Reuse Using MixinsProperties Reuse Using Mixins

�� AspectAspect--Oriented Programming Using Oriented Programming Using 
MetaclassTalkMetaclassTalk

�� ConclusionConclusion
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What is MetaclasTalkWhat is MetaclasTalk??
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Meta…Meta… whatwhat??

Metaclass SmallTalk

MetaclassTalk

Programming with Explicit Metaclasses
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WhatWhat to doto do with Metaclasseswith Metaclasses??

�� ClassClass PropertiesProperties
�� DefinitionDefinition of newof new kindskinds of classesof classes

�� Control ofControl of Program ExecutionProgram Execution
�� instanceinstance creationcreation
�� IVIV readsreads && writeswrites
�� messagemessage sendssends && receptionreception
�� method lookupmethod lookup && evaluationevaluation
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MetaclassTalkMetaclassTalk ""ConceptualConceptual"" KernelKernel

The ObjVLisp Model [Cointe 87] 
= The Smalltalk-76 Kernel + ability to subclass the root metaclass

Object StandardClass
inherits from

is instance of
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MetaclassMetaclass Core PCore Protocolrotocol

�� instance instance memory allocation (memory allocation (allocateallocate))
�� object creation (object creation (new = allocate new = allocate �������� initializeinitialize))

�� reading instance variables (reading instance variables (atIVatIV:of::of:))
�� writing variables writing variables d’instanced’instance ((atIVatIV:of:put::of:put:))

�� sending messagessending messages ((send:…send:…))
�� receiving messagesreceiving messages ((receive:…receive:…= = lookupForlookupFor:…:…⊕⊕⊕⊕⊕⊕⊕⊕ apply:…apply:…))
�� method lookupmethod lookup ((lookupForlookupFor:…:…))
�� method evaluationmethod evaluation ((apply:…apply:…))

Each class controls 
the evaluation process for its instances
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DecompositionDecomposition of a Messageof a Message SendingSending

anA
aB

foo: value1 bar: value2

A

send: #foo:bar:
from: self
to: aB
arguments: #(value1 value2)

1

receive: #foo:bar:
from: self
to: aB
arguments: #(value1 value2)

2 lookupFor: #foo:bar:
superSend: false
originClass: self

3

apply: methodFooBar
to: aB
arguments: #(value1 value2)

4
B

Method Evaluation
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ExampleExample of Messageof Message SendingSending ControlControl

joe printOn: aStream
aStream nextPutAll: name

send: selector from: sender to: receiver argu…
Transcript cr; show: 'Sending msg ', selector.
^super send: selector

from: sender
to: receiver
arguments:…

TraceClass
send:…
receive:..

Person
name
age
printOn:

Person send: #nextPutAll:
from: self
to: aStream
arguments: #(name)
…

evaluation
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ExampleExample of IV Readof IV Read--WriteWrite ControlControl

account

In
sta

nc
e

atIV: ivIndex of: anObject put: value
self halt.
^super atIV: ivIndex 

of: anObject 
put: value

index of IV balance

BreakPointClass
atIV:of:
atIV:of:put:

BankAccount
balance
deposit:

deposit: amount
|newBalance|
newBalance :=…
balance := newBalance

BankAccount atIV: 1 
of:  account
put: 100

evaluation
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SomeMetaclass subclass: #MyMetaclass
instanceVariablesNames: 'x y'
classVariableNames: ' '
poolDictionaries: ' '
category: 'MetaclassTalk-Example'
metaclass: OtherMetaclass

How to UseHow to Use MetaclassTalkMetaclassTalk??

SomeMetaclass

OtherMetaclass

inherits from MyMetaclass

is instance of
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How to UseHow to Use MetaclassTalkMetaclassTalk??

inherits fromSomeMetaclass

OtherMetaclass

Object subclass: #MyClass
instanceVariablesNames: 'iv1 iv2'
classVariableNames: ' '
poolDictionaries: ' '
category: 'MetaclassTalk-Example'
metaclass: MyMetaclass

MyMetaclass

is instance of

MyClass
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SomeSome Possible Uses ofPossible Uses of the the 
MetaclassTalk'sMetaclassTalk's MOPMOP

XXMultipleMultiple InheritanceInheritance

XXXXXXXXTracingTracing

XXXXXXBreak PointBreak Point

XXXXXXPersistentPersistent ObjectsObjects (Data Base)(Data Base)

XXMessageMessage CachingCaching
XXXXXXLazy MemoryLazy Memory AllocationAllocation

XXXXAsynchronousAsynchronous CommunicationCommunication

XXTypeType CheckingChecking

XX
XX

XXXXAbstract ClassAbstract Class

XXXXSynchronisationSynchronisation
XXSubjectSubject Class (Observer Pattern)Class (Observer Pattern)

XXSole Instance (Pattern)Sole Instance (Pattern)
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ClassClass Properties ReuseProperties Reuse
Using MixinsUsing Mixins
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WhatWhat areare MixinsMixins??

�� ContextContext: : 
�� SingleSingle inheritanceinheritance
�� UnreleatedUnreleated classclass hierarchieshierarchies

�� ProblemProblem::
�� Reuse shared propertiesReuse shared properties
�� AvoidAvoid code duplicationcode duplication

�� Solution:Solution:
�� MixinMixin == Subclass builderSubclass builder [[BrachaBracha 90]90]
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ExampleExample of Code Duplicationof Code Duplication

PositionableStream

ReadWriteStream
next
next:

WriteStream ReadStream
next
next:next

next
<primitive: 65>

next: anInteger
|ans endPosition|
endPosition := …

next
self shouldNotImplement

next
<primitive: 65>

next: anInteger
|ans endPosition|
endPosition := …
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How DoHow Do Mixins WorkMixins Work??

X
iv1
iv2
foo
bar

Mixin

A

Object

F

D

C

E

G

B

XF
iv1
iv2
foo
bar
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How DoHow Do Mixins WorkMixins Work??

X
iv1
iv2
foo
bar

Mixin

A

Object

F

D

C

E

G

B

XB
iv1
iv2
foo
bar

XF
iv1
iv2
foo
bar
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Mixins ImplementationMixins Implementation inin MetaclassTalkMetaclassTalk

�� 33 metaclassesmetaclasses (i.e. 3 class(i.e. 3 class propertiesproperties):):
�� MixinsMixins
�� ClassesClasses generatedgenerated byby mixinsmixins
�� Classes Classes that make that make use of use of mixinsmixins

�� GeneratedGenerated classes areclasses are updatedupdated onon mixinmixin changechange

�� Use ofUse of Smalltallk reflective facilitiesSmalltallk reflective facilities::
�� MethodMethod CompilationCompilation
�� Class BuildingClass Building
�� AddsAdds && RemovalsRemovals ofof Methods andMethods and Instance VariablesInstance Variables
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ExampleExample ofof Metaclass MixinsMetaclass Mixins

CompositeClass

GeneratedClass

BreakPointClass

LazyAllocatClass

BankAccountClass

StandardClass Mixin

StandardClass subclass: #BankAccountClass
instanceVariableNames: ' '
classVariableNames: ' '
poolDictionaries: ' '
category: 'Mixin-Example'
metaclass: CompositeClass

Object
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ExampleExample ofof Metaclass MixinsMetaclass Mixins

Object

CompositeClass

GeneratedClass

BankAccount

BreakPointClass

LazyAllocatClass

BankAccountClass

StandardClass Mixin

Object subclass: #BankAccount
instanceVariableNames: 'number history balance'
…
metaclass: BankAccountClass
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ExampleExample ofof Metaclass MixinsMetaclass Mixins

Object

CompositeClass

GeneratedClass

BankAccountClass

BankAccount

BreakPointClass

LazyAllocatClass
StandardClass Mixin

BankAccountClass addMixin: LazyAllocatClass
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ExampleExample ofof Metaclass MixinsMetaclass Mixins

Object

CompositeClass

GeneratedClass

BankAccountClass

BankAccount

BreakPointClass

LazyAllocatClass
StandardClass Mixin

LazyAllocat

BankAccountClass addMixin: LazyAllocatClass
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ExampleExample ofof Metaclass MixinsMetaclass Mixins

StandardClass subclass: #BankAccountClass
instanceVariableNames: ' '
classVariableNames: ' '
poolDictionaries: ' '
category: 'MetaclassTalk-Example'
metaclass: CompositeClass.

BankAccountClass mixins: {LazyAllocatClass}
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ExampleExample ofof Metaclass MixinsMetaclass Mixins

Object subclass: #BankAccount
instanceVariableNames: 'number history balance'
classVariableNames: ' '
poolDictionaries: ' '
category: 'MetaclassTalk-Example'
metaclass: BankAccountClass.

|account|
account := BankAccount new.

header
nil

account number: 1.
header

#(1)

account balance: 100.
header

#(1 nil  100)
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ExampleExample ofof Metaclass MixinsMetaclass Mixins

Object

CompositeClass

GeneratedClass

BankAccountClass

BankAccount

BreakPointClass

LazyAllocatClass
StandardClass Mixin

LazyAllocat

BankAccountClass addMixin: BreakPointClass
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BreakPoint

ExampleExample ofof Metaclass MixinsMetaclass Mixins

Object

CompositeClass

GeneratedClass

BankAccountClass

BankAccount

BreakPointClass

LazyAllocatClass
StandardClass Mixin

LazyAllocat

BankAccountClass addMixin: BreakPointClass
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ExampleExample ofof Metaclass MixinsMetaclass Mixins

StandardClass subclass: #BankAccountClass
…
metaclass: CompositeClass.

BankAccountClass mixins: 
{LazyAllocatClass, BreakPointClass}

Object subclass: #BankAccount
instanceVariableNames: 'number history balance'
…
metaclass: BankAccountClass.

BankAccount breakOnSelectors: #( ) andIVs: #( )
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MixinsMixins: a : a UsefullUsefull ExtensionExtension

�� ExperimentExperiment of a New of a New ParadigmParadigm

�� A A Tool Tool for for ComposingComposing class class PropertiesProperties
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AspectAspect--Oriented ProgrammingOriented Programming
Using MetaclassTalkUsing MetaclassTalk

ExperimentingExperimenting
a Newa New Programming ParadigmProgramming Paradigm
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AOPAOP

Aspects

Functionalities

Synchronisation

Persistency

Distribution

Other Aspect

Program

Weaving…
…
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Issues & SolutionsIssues & Solutions

�� How toHow to define isolateddefine isolated aspects?aspects?
�� MetaclassesMetaclasses

�� How toHow to weaveweave aspects toaspects to buildbuild an application?an application?
�� TheThe "instance"instance--of"of" linklink
�� MixinMixin--based inheritencebased inheritence

�� WhatWhat aboutabout reusereuse??
�� Generic MetaclassesGeneric Metaclasses
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AA First Natural SeparationFirst Natural Separation

Functionalities

Other Aspect

Synchronisation

Persistency

Distribution

Classes

Metaclasses

Aspects
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How toHow to IsolateIsolate && WeaveWeave Aspects?Aspects?

Functionnalities

Synchronisation

PersistencyDistribution
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Aspects inAspects in MetaclassTalkMetaclassTalk

1.1. Set of ClassSet of Class PropertiesProperties:: MetaclassesMetaclasses

2.2. Set of ClassesSet of Classes

3.3. ClassClass--Metaclass relationshipsMetaclass relationships

4.4. ClassClass initializationinitialization ((Properties setupProperties setup))
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ExampleExample -- StartingStarting PointPoint

AClass BClass

CompositeClass

B
x
y
foo
bar
printOn:

StandardClass

A

z

z
z:
doSthg

Synchronisation Aspect
• All A methods are mutually exclusive
• A>>z: method is self exclusive
• B>>foo and B>>bar are both
self exclusives and mutually exclusives

Debug Aspect
• Trace all behavior of A
• Break when accessing to x in aB
• Break when aB receives messages foo 
or bar

instance of

inh
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m
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Easy ImplementationEasy Implementation

SimpleAspect
propertyDict

addProperty:to:
weave
unweave

addProperty: aMixin to: aClass
|properties|
aClass class addMixin: aMixin.
properties := propertyDict at: aClass

ifAbsentPut: [OrderedCollection new].
properties add: aMixin

unweave
|properties|
propertyDict keysAndValuesDo: [:aClass :mixins|

mixins do: [:mix| aClass class removeMixin: mix]].
properties := Dictionary new
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ExampleExample -- AspectsAspects ImplementationImplementation

SimpleAspect
propertyDict

addProperty:to:
unweave
weave

MyDebugAspect
weave

weave
self addProperty: TraceClass to: A;

addProperty: BreakPointClass to: B.
B breakOnSelectors: #(foo bar) andIvs: #(x)

MySynchronizeAspect
weave

weave
self addProperty: SynchronizeClass to: A;

addProperty: SynchronizeClass to: B.
A mutualExclusive: #(z z: doSthg);

selfExclusive: #(z:).
B mutualExclusive: #(foo bar);

selfExclusive: #(foo bar).
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ExampleExample -- After WeavingAfter Weaving

AClass BClass

B

StandardClass

A

SynchronizeClassA SynchronizeClassB

TraceClassA BreakPointClassB
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MetaclassTalkMetaclassTalk for AOPfor AOP

�� Easy implementationEasy implementation of AOPof AOP

�� ReuseReuse
�� MetaclassesMetaclasses areare genericgeneric

�� DynamicityDynamicity
�� RunRun--timetime weavingweaving//unweavingunweaving
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ConclusionConclusion
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SummarySummary

�� MetaclassTalk eases experimentsMetaclassTalk eases experiments
�� MixinsMixins
�� AOPAOP

�� MetaclassTalk is usefullMetaclassTalk is usefull
�� DefinitionDefinition of newof new kindskinds of classesof classes
�� Change Change the evaluation processthe evaluation process

�� creationcreation
�� IVIV accessaccess
�� MessageMessage handlinghandling

�� AnAn implementation is availableimplementation is available forfor SqueakSqueak 3.03.0
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NearNear Future PlansFuture Plans

�� Extending the libraryExtending the library ofof metaclassesmetaclasses

�� Migration toMigration to the latest Squeakthe latest Squeak releaserelease

�� ImprovingImproving Performance:Performance:

�� CodeCode inlininginlining??

�� Extending theExtending the VM?VM?

�� OtherOther??
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LongLong TermTerm PlansPlans

�� RebuildRebuild aa completecomplete imageimage with explicit with explicit 
metaclassesmetaclasses

�� NewNew KernelKernel forfor SmalltalkSmalltalk

�� How to composeHow to compose conflictingconflicting classclass propertiesproperties??

�� e.g.e.g. two redefinitionstwo redefinitions of newof new

�� CLOSCLOS like beforelike before//after methodsafter methods

�� otherother??
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HappyHappy Birthday SmalltalkBirthday Smalltalk!!
Smalltalk was born Smalltalk was born 
onon SeptemberSeptember 19721972
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Questions?Questions? CommentsComments??

DownloadDownload
http://http://cslcsl..ensmensm--douai.douai.frfr//MetaclassTalkMetaclassTalk


