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What is Reflection?What is Reflection?
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Structure of a Computational SystemStructure of a Computational System
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A Reflective SystemA Reflective System
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DefinitionsDefinitions

!! Reflection: Reflection: Ability of a system toAbility of a system to
"" observe itself = reason on itselfobserve itself = reason on itself
"" change itself = alter its own structure & behaviorchange itself = alter its own structure & behavior

!! Reify: Represent some concept as an explicit entityReify: Represent some concept as an explicit entity
"" Building blocks of program and executorBuilding blocks of program and executor

!! A Reflective LanguageA Reflective Language
"" Language which constructs and "interpreter" are reifiedLanguage which constructs and "interpreter" are reified
"" Two programming levelsTwo programming levels

program program ## basebase--levellevel
executorexecutor ## metameta--levellevel
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A System in A System in OOPLsOOPLs

!! Executor  = (virtual) machine, interpreter, …Executor  = (virtual) machine, interpreter, …
"" language semanticslanguage semantics
"" program loading & compilationprogram loading & compilation
"" memory managementmemory management
"" ……

!! ProgramProgram
"" classes, methods, fields, messages …classes, methods, fields, messages …

!! DataData
"" objects : bank, clients, accounts, …objects : bank, clients, accounts, …

more
or

less 
reified

Degree of
Reflection
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!! Reification = representing entities as objectsReification = representing entities as objects
"" e.g. classes = instance of other classes: e.g. classes = instance of other classes: MetaclassesMetaclasses

!! base vs. metabase vs. meta--objectsobjects

!! Two kinds of metaTwo kinds of meta--objects:objects:
"" LinguisticLinguistic metameta--objects = Language constructsobjects = Language constructs

$$ e.g. classes, methods, fields, name spaces…e.g. classes, methods, fields, name spaces…

"" SemanticSemantic metameta--objects = Language semanticsobjects = Language semantics
$$ e.g. message dispatch, memory allocation, field access…e.g. message dispatch, memory allocation, field access…

OO Reflective LanguagesOO Reflective Languages

basebase--level level ## basebase--objectsobjects
metameta--level level ######## metameta--objectsobjects
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Reflection is UsefulReflection is Useful

!! Development toolsDevelopment tools
"" Browser, Debugger, Code Generators, …Browser, Debugger, Code Generators, …

!! RunRun--time Flexibilitytime Flexibility
"" Quality of Service, Unplanned Evolution, …Quality of Service, Unplanned Evolution, …

!! Ease Software DevelopmentEase Software Development
"" Generic Code Generic Code %% ReuseReuse
"" Separation of Concerns (AspectSeparation of Concerns (Aspect--Oriented Programming)Oriented Programming)

!! Adapt and Extend the LanguageAdapt and Extend the Language
"" Asynchronous Communication, Asynchronous Communication, 
"" Lazy memory allocation, …Lazy memory allocation, …
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What is MetaclassTalk?What is MetaclassTalk?
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Smalltalk Metaclasses are ImplicitSmalltalk Metaclasses are Implicit
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A Reflective extension of SmalltalkA Reflective extension of Smalltalk

!! Explicit metaclassesExplicit metaclasses
"" New kinds of classesNew kinds of classes
"" Class Properties Class Properties 

!! MetaMeta--objects (MOP)objects (MOP)
"" Objects structure managementObjects structure management
"" Message dispatchMessage dispatch
"" PerPer--object semanticsobject semantics

!! GoalGoal
"" Easing ExperimentsEasing Experiments
"" Various Programming ParadigmsVarious Programming Paradigms

Metaclass SmallTalk

MetaclassTalk
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MetaclassTalk "Conceptual" KernelMetaclassTalk "Conceptual" Kernel

Object StandardClassinherits from

MetaObject

instance of

default
semantic

meta-object

meta
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MetaclassTalk Core MOPMetaclassTalk Core MOP

semantic
meta-object

semantic
meta-object

semantic
meta-object

class

class

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

!! reading instance variables (reading instance variables (atIVatIV:of::of:))
!! writing instance variables (writing instance variables (atIVatIV:of:put::of:put:))

!! sending messagessending messages ((send:…send:…))

!! receiving messagesreceiving messages ((receive:…receive:…))

!! method lookupmethod lookup ((lookupForlookupFor:…:…))

!! method evaluationmethod evaluation ((apply:…apply:…))
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The Meta LinkThe Meta Link

!! Links baseLinks base--objects to semantic metaobjects to semantic meta--objects objects 
"" Granularity = objectGranularity = object
"" Sibling objects linked to different metaSibling objects linked to different meta--objectsobjects

!! An object can be linked to many semantic metaAn object can be linked to many semantic meta--objectsobjects
"" Semantic Semantic mmetaeta--objects should cooperateobjects should cooperate

!! A semantic metaA semantic meta--object can be sharedobject can be shared
"" i.e. linked to many basei.e. linked to many base--objectsobjects
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Decomposition of a Message DispatchDecomposition of a Message Dispatch

o1
o2

foo: value1 bar: value2

send: #foo:bar:
from: o1
to: o2
arguments: #(value1 value2)

1

receive: #foo:bar:
from: o1
to: o2
arguments: #(value1 value2)

2
lookupFor: #foo:bar:

superSend: false
originClass: C2

3

apply: methodFooBar
to: o2
arguments: #(value1 value2)

4

C2

Method Evaluation

smo1
smo2
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Example of Message Example of Message ReceptionReception Control Control -- 11

Hello Berne!!!!!
console

Person

sayHello

noury
sayHello

LogMetaObject

receive:
“write a log in some file”
“execute the right method”

log
meta-object

meta

default
semantic

meta-object

Instance of
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Example of Message Example of Message ReceptionReception Control Control -- 22

- Message #sayHello received
on 17th June at 5:30pm

Log file

Hello Berne!!!!!
console

log
meta-object

meta

noury
sayHello

Person

sayHello

LogMetaObject

receive:
“write a log in some file”
“execute the right method”

Instance of
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Instance of

Example of Message Example of Message SendingSending ControlControl

joe printOn: aStream
aStream nextPutAll: name

LogMetaObject
send:…
receive:..

Person
name
age
printOn:

smo send: #nextPutAll: 
from: joe
to: aStream
arguments: #(name)
…

evaluation

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

from: sender
to: receiver
arguments:…

meta

smo

21

Example of Example of IV ReadIV Read--WriteWrite ControlControl

account index of IV balance

BreakPointMetaObject
atIV:of:
atIV:of:put:

BankAccount
balance
deposit:

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

smo atIV: 1 
of:  account 
put: 100

evaluation

Instance of

meta

smo

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

of: anObject 
put: value
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Semantic Semantic MetaMeta--objects Cooperationobjects Cooperation

!! 1 object is linked to 1 1 object is linked to 1 semantic semantic metaObject metaObject 

!! MMany any semantic semantic metameta--objectsobjects for 1 for 1 objectobject
"" mmetaeta--Objects cooperationObjects cooperation
"" e.g. Chain of Responsibility Design Patterne.g. Chain of Responsibility Design Pattern

account
meta

breakPoint
Meta

log
Meta

default
Meta

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

Linguistic Change using Metaclasses Linguistic Change using Metaclasses -- 11

SomeMetaclass

OtherMetaclass

subclass of MyMetaclass

instance of

24

Linguistic Change using Metaclasses Linguistic Change using Metaclasses -- 22

subclass ofSomeMetaclass

OtherMetaclass

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

MyMetaclass

instance of

MyClass
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Example of a Linguistic ChangeExample of a Linguistic Change

StandardClass
subclass of

singleton ifNil: [singleton := super new].
^singleton

SingletonClass
singleton
new

UndefinedObject ProcessorScheduler True

instance of

False
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A Quick Tour UnderA Quick Tour Under the Hoodthe Hood

OverviewOverview ofof
MetaclassTalkMetaclassTalk ImplementationImplementation
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RequirementsRequirements

1.1. Full compatibilityFull compatibility withwith SmalltalkSmalltalk
"" PortabilityPortability: : NONO VM changeVM change
"" UseUse onlyonly SmalltalkSmalltalk reflective facilitiesreflective facilities

2.2. HooksHooks to supportto support thethe MOPMOP
"" IVs reads and writesIVs reads and writes
"" messagemessage sendssends
"" messagemessage receptionsreceptions

3.3. Integration withIntegration with SmalltalkSmalltalk
"" MetaclassTalkMetaclassTalk objects can interact withobjects can interact with SmalltalkSmalltalk onesones
"" MetaclassTalk classesMetaclassTalk classes can inherit fromcan inherit from SmalltalkSmalltalk onesones
"" Smalltalk classesSmalltalk classes can becan be ""importedimported"" intointo MetaclassTalkMetaclassTalk
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ImplementationImplementation

!! Explicit MetaclassesExplicit Metaclasses
"" A new class A new class builderbuilder

!! Hooks Hooks for for semantic reflectionsemantic reflection
"" SpecificSpecific compilation compilation processprocess

$$ SubclassesSubclasses for Compiler,for Compiler, ParserParser
$$ Abstract Abstract Syntax Tree Syntax Tree TransformationTransformation

"" Method wrappersMethod wrappers

!! Stopping infinite regressionsStopping infinite regressions
"" MetaMeta--circularitycircularity
"" PrimitivesPrimitives
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HooksHooks for IVfor IV reads and writesreads and writes

foo: value
a := value.
^b

C
a
b
foo:

foo: value
self metaObject atIV: 1

of: self
put: value.

^self metaObject atIV: 2
of: self

MetaclassTalk Compiler

index of 
IV a

index of 
IV b
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HooksHooks for messagefor message sendssends -- 11

bar: anObject
anObject printString

A
bar:

MetaclassTalk Compiler

bar: anObject
self metaObject send: #printString 

from: self 
to: anObject
arguments: #()
superSend: false 
originClass: nil



31

HooksHooks for messagefor message sendssends -- 22

bar: anObject
super bar: anObject

B
bar:

bar: anObject
self metaObject send: #bar 

to: self
from: self 
arguments: #(anObject)
superSend: true
originClass: B

MetaclassTalk Compiler

A
bar:
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4 Cases for Message 4 Cases for Message SendsSends

!! Sender & Receiver = both ST objectsSender & Receiver = both ST objects
"" No hooksNo hooks

!! Sender & Receiver = both MT objectsSender & Receiver = both MT objects
"" Hook at the sender methodHook at the sender method
"" Sender known at compileSender known at compile--timetime

!! Sender = ST object & Receiver = MT objectSender = ST object & Receiver = MT object
"" Hook at receiver methodHook at receiver method
"" Sender known at runSender known at run--time (time (thisContextthisContext))

!! Sender = MT object & Receiver = ST objectSender = MT object & Receiver = ST object
"" Mimicking MetaclassTalk MOPMimicking MetaclassTalk MOP
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HookHook for messagefor message receptionreception
OnlyOnly for messages sent by Smalltalkfor messages sent by Smalltalk objectsobjects

bar: anObject
"Some code"

A
bar:

bar: anObject
|sender|
sender := thisContex sender...
^self metaObject receive: #bar

from: sender 
to: self
arguments: #()
superSend: false 
originClass: nil
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Infinite RegressionsInfinite Regressions

!! MetaMeta LinkLink
"" Semantic metaSemantic meta--objectsobjects are are objectsobjects,,
"" controlledcontrolled by by some metasome meta--metameta--objectsobjects
"" andand,, metameta--metameta--objectsobjects areare objectsobjects……

!! Instantiation LinkInstantiation Link
"" Classes are Classes are objectsobjects,,
"" are instances ofare instances of some metasome meta--classesclasses
"" andand,, metameta--classes are classes are objectsobjects……
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Meta Meta Link Infinite RegressionLink Infinite Regression

o

mo

mo

sayHello

receive: #sayHello

receive: #receive:

receive: #receive: …

base-level

meta-level

meta-meta-level

meta-meta-meta-level

meta
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Stopping Stopping Meta Meta Link Infinite RegressionLink Infinite Regression

o

mo

…

primitive
semantic

meta-object

meta
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Instance Instance Link Infinite RegressionLink Infinite Regression

…

base-level

meta-level

meta-meta-level

meta-meta-meta-level

meta-class

class

meta-meta-class

instance of
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Stopping Stopping InstanceInstance Link Infinite RegressionLink Infinite Regression

…

class

StandardClass

instance of

39

A Word About Performance A Word About Performance -- 11

!! Space overheadSpace overhead::
"" method wrappersmethod wrappers

!! TimeTime overheadoverhead ::
"" jumpsjumps toto the metathe meta--levellevel == InterpretationInterpretation
"" messagemessage sendingsending

$$ ~0.04% of Smalltalk message~0.04% of Smalltalk message sendingsending
"" IVIV accessaccess

$$ ~15.8% of Smalltalk IV~15.8% of Smalltalk IV accessaccess
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A Word About Performance A Word About Performance -- 22

!! Selective hookSelective hook introductionintroduction
"" Limit overheadLimit overhead to to where reflection is neededwhere reflection is needed

!! By By defaultdefault::
"" NoNo hookshooks on "on "specialspecial messages"messages"

$$ i.e. macros,  (e.g.i.e. macros,  (e.g. ifTrueifTrue:,:, whileFalsewhileFalse:, …):, …)

"" NoNo hookshooks onon metameta--levellevel codecode
$$ e.g.e.g. StandardClass and its subclassesStandardClass and its subclasses
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Mixin Based InheritanceMixin Based Inheritance
In MetaclassTalkIn MetaclassTalk
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Why MixinWhy Mixin--Based Inheritance?Based Inheritance?

!! Context: Context: 
"" Single inheritanceSingle inheritance
"" Unrelated hierarchiesUnrelated hierarchies
"" Same PropertiesSame Properties

!! Problem:Problem:
"" Reuse shared propertiesReuse shared properties
"" Avoid code duplicationAvoid code duplication

A

Object

F

E

G

DC

B

XG
iv1
iv2
foo
bar

XB
iv1
iv2
foo
bar
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Example of Code DuplicationExample of 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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MixinMixin--Based Inheritance Based Inheritance -- 11

X
iv1
iv2
foo
bar

Mixin

A

Object

F

E

G

DC

B

inherits from class

"inherits" from mixin
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MixinMixin--Based Inheritance Based Inheritance -- 22

X
iv1
iv2
foo
bar

Mixin

A

Object

F

E

G

DC

B

XG
iv1
iv2
foo
bar

XB
iv1
iv2
foo
barMixin = Subclass GeneratorMixin = Subclass Generator

[[BrachaBracha & Cook 90]& Cook 90]
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Mixins Implementation in MetaclassTalkMixins Implementation in MetaclassTalk

!! 3 metaclasses (i.e. 3 class properties):3 metaclasses (i.e. 3 class properties):
"" MixinsMixins
"" Classes generated by mixinsClasses generated by mixins
"" Composite Composite cclasses "inherit" from mixinslasses "inherit" from mixins

!! Generated classes are updated on mixin changeGenerated classes are updated on mixin change

!! Use of Use of SmalltallkSmalltallk reflective facilitiesreflective facilities
"" Method Method ccompilationompilation
"" Class Class bbuildinguilding
"" Adds & Adds & rremovalsemovals of of mmethodsethods and and iinstance nstance vvariablesariables
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Example of MetaclassTalk MixinsExample of MetaclassTalk Mixins

ColoredBoundedPoint Mixin

Point subclass: #ColoredBoundedPoint
instanceVariableNames: ' '
classVariableNames: ' '
poolDictionaries: ' '
category: 'Mixin-Example'
metaclass: CompositeClass.

ColoredBoundedPoint mixins: {Colored. Bounded}

Point Colored
color
printOn:
color:
color

Bounded
boundsRectangle
printOn:
move:
bounds:
bounds

CompositeClass

instance of

inherits f
rom mixinsubclass of

Mixin

Mixin
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Generated Class HierarchyGenerated Class Hierarchy

ColoredBoundedPoint

Point subclass: #ColoredBoundedPoint
…

ColoredBoundedPoint mixins: {Colored. Bounded}

Point
Colored

color
printOn:
color:
color

Bounded
boundsRectangle
printOn:
move:
bounds:
bounds

GColored
color
printOn:
color:
color

GBounded
boundsRectangle
printOn:
move:
bounds:
bounds

generates

Mixin

Mixin
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Refactoring the Stream HierarchyRefactoring the Stream Hierarchy

ReadWriteStream

WriteStream

next
<primitive: 65>

next: anInteger
|ans endPosition|
endPosition := …

ReadStreamMixin
next
next:ReadStream

inheri
ts f

rom mixinsubclass of

PositionableStream

Mixin
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Metaclass CompositionMetaclass Composition
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Need for Metaclass CompositionNeed for Metaclass Composition

!! Why?Why?
"" ReuseReuse
"" A A cclass can have many properties lass can have many properties 

!! How?How?
"" MixinsMixins at the metaclass levelat the metaclass level

!! Problems to deal with?Problems to deal with?
"" CompatibilityCompatibility
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Example: Example: MixinMixin--Metaclasses for Metaclasses for BooleansBooleans

Boolean

BooleanClass FalseClass

False

TrueClass

True

subclass of

instance of SingletonClass
new

FinalClass
subclass:…

Mixin

Mixin

AbstractClass
new

inherits   from mixin

Mixin
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ClassClass--Metaclass CompatibilityMetaclass Compatibility RootsRoots

A

anA

Class level

Instance level

self new bar

self class foo

Class Inheritance

+

Metaclass Inheritance

+

Inter-level Communication
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Examples of interExamples of inter--level communicationlevel communication

"" Object>>Object>>printOnprintOn: : aStreamaStream
|title||title|
title := title := self class nameself class name..
aStream nextPutAllaStream nextPutAll: ...: ...

"" Collection Collection classclass>>with: >>with: anObjectanObject
||newCollectionnewCollection||
newCollectionnewCollection := self new: 1.:= self new: 1.
newCollectionnewCollection add: add: anObjectanObject......



55

The Upward Compatibility issueThe Upward Compatibility issue

B

aB

Class level

Instance level

foo

BClass

A

AClass
fooMetaclass level XClass

foo is NOT understood by B

f
self class foo

f
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The Downward Compatibility issueThe Downward Compatibility issue

Z

aZ

Class level

Instance level

bar

ZClassWClassMetaclass level

Y

bar is NOT understood by aZ

b
self new bar

b

W
bar
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Undesirable Class Properties Undesirable Class Properties inin SmalltalkSmalltalk

B
Class level

B classA class
foo
b
new

Metaclass level

f
self class foo

b
self new bar

A
bar
f

new
self error: 'Abstract class'

Undesirable 
property propagation
B becomes abstract!
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Compatibility &Compatibility & Class Specific PropertiesClass Specific Properties

B
Class level

BCompatibilityACompatibility
foo
b

M
et

ac
la

ss
 le

ve
l

f
self class foo

b
self new bar

A
bar
f

AProperties
new

new
self error: 'Abstract class!'

BProperties
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CompatiblityCompatiblity, Class Properties & Mixins, Class Properties & Mixins

B
Class level

BCompatibilityACompatibility
foo
b

M
et

ac
la

ss
 le

ve
l

A
bar
f

AProperties BPropertiesAbstractClass

new Mixin
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Example: Refactoring the Boolean HierarchyExample: Refactoring the Boolean Hierarchy

BoolCompatib

Boolean

BoolProperties TrueProperties
AbstractClass
new

TrueCompatib

True

SingletonClass
new

FinalClass
subclass:…

subclass of

instance of

inherits from   mixin

Mixin

Mixin

Mixin
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ConclusionConclusion
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SummarySummary -- 11

!! Reflective Programming LanguagesReflective Programming Languages
"" Linguistic reflectionLinguistic reflection
"" Semantic reflectionSemantic reflection

!! MetaclassTalk extends SmalltalkMetaclassTalk extends Smalltalk
"" Unleash Unleash MMetaclassesetaclasses ((LLinguistic inguistic RReflectioneflection))
"" Semantic Semantic RReflectioneflection

!! Metaclasses are usefulMetaclasses are useful
"" Class properties = new "kinds" of classesClass properties = new "kinds" of classes
"" e.g. Mixin based inheritance (3 class properties)e.g. Mixin based inheritance (3 class properties)
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Summary Summary -- 22

!! Metaclass Composition using MixinsMetaclass Composition using Mixins
"" ClassClass--Metaclass compatibilityMetaclass compatibility
"" No undesirable class properties propagationNo undesirable class properties propagation

!! Other Other ongoingongoing experiments with experiments with MetaclassTalksMetaclassTalks
"" AspectAspect--Oriented ProgrammingOriented Programming,,
"" Software Components,Software Components,
"" Distribution (Web Services, …),Distribution (Web Services, …),
"" MultiMulti--Agent Agent SystemsSystems,,
"" Mobile codeMobile code……

!! An implementation is available for SqueakAn implementation is available for Squeak
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Some Future WorksSome Future Works

!! Extend mixinExtend mixin--based inheritancebased inheritance

"" Traits approach for methods compositionTraits approach for methods composition

"" instance variables compositioninstance variables composition

!! OO Programming OO Programming withoutwithout "traditional" inheritance"traditional" inheritance

"" Mixin based inheritance onlyMixin based inheritance only!!

!! Refactoring Smalltalk librariesRefactoring Smalltalk libraries

"" Explicit metaclasses + MixinsExplicit metaclasses + Mixins

"" New kernelNew kernel

65

Thanks for your attentionThanks for your attention
Questions? Comments?Questions? Comments?

Documents & Download Documents & Download 
http://http://cslcsl..ensmensm--douaidouai..frfr/MetaclassTalk/MetaclassTalk


