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L.
What is Modularity”

According to Bertrand Meyer (Object-oriented Software Construction)

 Decomposability e ¢ N
« Composability €

 Understandability

-

—

e Continuity

e Protection
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L.
Modularity in Squeak

* Classes as modular units

* Problems
 Duplicate Class Names
 Dependency/Version Management

* Hierarchical Decomposition
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Dup\icafe Class Names

BroBreakout

. BroBall
\__BroBlock
\__BroBoundary
\_BroBreakout
\__BroExplosion
BroLevelBuilder
\__BrolLevelStatistics

| _BrolLevelStatisticsItem
,_BrolLevelView
\__BrolLevelWorld
__BroMenuLabel
\__BroMenuView
\__BroPowerup
\__BroPowerupAccelerate
\__BroPowerupBall
\_BroPowerupDecelerate
\__BroPowerupEnlarge
\__BroPowerupShrink

. BroRacket

\__BroView

| __BroWelcomeView
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SpaceCleanup-Items

same class
names

\__ScuBucket

\ _ScuDestructibleItem
\__ScuFloor

\__Scultem
\__ScuMonster
\__ScuMovingItem
\_ScuPickUpItem
\__ScuPlayer

. ScuPortal

. ScuSlime
. Scuwall
. ScuWater

SpaceCleanup-Level

. Sculevel

SculLevelBuilder

. ScuGridPatternLevelBuilder
. ScuRandomLevelBuilder
. ScuTile
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Dependency Management

e Library version conflict

e [ransitive dependency version conflict

/ N ‘D
\/32

Overhead of dependency management systems

) System Browser: ConfigurationOfWebClient

'Aota'ollo H’ Specs
Metacello-MC-Validation
Metacello-Platform
ConfigurationOfGofer
ConfigurationOffile Tree
ConfigurationOfWebChent
MonticelloFilleTree-Core
MontcelloFile Tree-FileDire
Metacello-ToolBox
Metacello-GitHub

v v

instance class ?
Drowse senders mplementors versions
baselinel5: spec
<version: 'l S-baselne'>

spec for: #common do: [
spec blessing #baselne
spec descrnption: ‘Account for F
spec repository: ‘http//ss3

spec
package. 'WebClient-Core’,
nnnnnnn AL g

topa 4/4/2013 19:21 - baselines - 2 implementors
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ConfigurationOfwebClier --

Lont LLTTIN! muth. l ronec eomne

only in change set Con' guratlono‘wobCIu nt-topal?

all --

accessing
baselines
symbolic versions
version

VErsions

inherntance hierarchy

gemstonecom/ss/WebClient

e Mok O loant 4

5

basehnell
baselnell
baselinel 3
baselineld

baselinels:

project
stable
versionl0
versionll
versionl 2
versionl3

Vars

ak and Pharo

Q0

source
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Hierarchical Decomposition

e “group together what belongs together”

(Effective Java, 2nd edition)

SpaceCleanup-Core

. ScuEventDispatcher

| ScuGame

| ScuGameBuildState

| ScuGameConfigState

| ScuGameOverState

. ScuGamePausedState

| ScuGameRunningState

| ScuGameState

L ScuGameWonState

. ScuMonsterStrategy

. ScuMonsterRandomStrategy
. ScuMonsterToPlayerStrategy

SpaceCleanup-Items

| ScuBucket
|__ScuDestructibleltem
| ScuFloor

| Scultem

| ScuMonster

. ScuMovingItem
. ScuPickUpItem
. ScuPlayer

. ScuPortal

. ScuSlime
,__ScuwWall

. Scuwater

SpaceCleanup

__EventDispatcher

| Level

Builder
GridPattern
Random

Tile

| Item

| Bucket

__Destructible

| Floor

|__Monster
l__Strategy

MoveToPlayer
Random

|__Moving

| PickUp

| Player

|__Portal

| Slime

| Wall

,__Water

|__State

- Building
,__Configuring
. GameOver

, GameWon

“On the Criteria To Be
Used in Decomposing

Systems into Modules”
(David L. Parnas)
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Concept
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Matriona

 Module system based on
class nesting for Squeak

* ModuleSystemView - e

» an {) MathLibrary [(all) | 1) (self)
~» () MathLibraryVersioned (uncategonzed) (self class)

: » == () MathematicsLibrary O
* Matryoshka ~ Matriona +Z 0 Modiesysem Py
: {JR rceDictionar &% () Uninstantiable
» & ()} Uninstantiable & () Versioning

() Yersionng () LexicalScope
. O tiode §—
* No VM changes, minor changes = fgessse 0§ Iescassoie
I > & I'gﬁf @ # Version
Smalltalk compiler 0 L ) “rnotosse
» 2. () ResourcesExample defaultSuperclass

» «» () Sokoban
» o () SpaceCleanup

« GUI based on Vivide ;% ) Weheient

' nstal Modde | Load Modde B&wtw o NewMocdde %1 Rename e Delete -~ Ohange protocel
LexicalScope
< class >
" A wrapper for the lexical scope of a method Used as a shortcut for "enclosing . er )$ING" €3 s *
* (ProtoObject << Uninstantable) subclassWithinstVars: ‘target’

Nested Class Modularity in Squeak/Smalltalk 8 Matthias Springer



Nested Classes in Matriona

SpaceCleanup

+ open
+ step

+ Level

+ render
+ tileAt:

+ Tile

+ addItem:
+ render

+ Resources
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Nested classes belong to enclosing class
(like class instance variables)

Access using message sends

Nested classes are methods returning
the class object
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Accessing the Lexical Scope

SpaceCleanup A
+ open 1A
+ step  enclosing: enclosing class '-\ ’g
« outer: all enclosing classes S R S
+ render i
+ tileAt: ¢ then all A
: * scope: Sell, then a o, i
+ Tile enclosing classes e i T
+ addItem: @l
+ render iV
l' -.‘l-- ....... :
I : | (.
o Resources s ,l ‘| '7‘8
. _outer <«---- —---- C i
: . Tl et

enclosing
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Example: Lexical Scope

SpaceCleanup

+

Resources

+ monster
+ player

Item

+ monster
+ player .

K

UberSpaceCleanup

+

Resources

+ evilMonster

Item

A

+ evilMonster

enclosing

.
i —— I T R R I L S
1

-------------------------------

+ & enclosing

Resources monster,
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L
Parameterized Classes

- (A B: 1) C: 2
+ B: p2
+ p2
[ Co3 scope p2
scope p3
Use Cases:

* External Configuration

e Mixins
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Implementation
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SpaceCleanup

-+

+ open
+ step

Level

+ render
+ tileAt:

+ Tile

+ addItem:
+ render

Resources

Notation

SpaceCleanup class>>Level
< class >
”~ Morph subclass

SpaceCleanup class>>Level>>render
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Notation

NewClass
< class >
"~ Object
subclassWithInstVars: ’'foo bar’
classVars: 'Bar’
classInstVars: 'Foo’
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Notation

e (Class generator method: method which returns the
target class for model instantiation

» (Class definition: target class is uninitialized

» (Class extension: target class is already initialized
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Meta Model

SpaceCleanup
+ open
MemberSpecification
+ step
- parent
parent A + Level
+ render
+ tileAt:
+ Tile
\// + addItem:

MethodSpecification < methodDict | BehaviorSpecification + render

-instantiations 0..* -methodDict

-classCache + Resources

-theClassSpec AN

theClassSpec A 1
theMethodSpec
\/ 0..1
ClassSpecification 0 MetaclassSpecification
" classDict
-theMetaClassSpec < B -theNonMetaClassSpec
-theMethodSpec < > -classDict
the(Non)Meta
ClassSpec
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Class

inst side

class side

Definition

install method

enclosing

assert not install method mark as install method
initialized | ~| enclosing "| generated specification
(class accessor called) install generate run class install |
methods class name initializer methods
cached class exists | |, generate initialize put in
— —
for self? class class class cache
yes
Y
return
class
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Class Extension

' inst side class side
(class accessor called) . insta“ - inStan ) install ) run ClaSS
: methods specification methods initializer
cached class exists | (class initialize put in
— _ — —
for self? existing) class class cache
yes
Y
return
class
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Keywords

SpaceCleanup

S C O p e ProtoObject
LexicalScope
> 4 (globals) + doesNotUnderstand:
enclosing |
“
SpaceCleanup | <<nested>> Level <<nested>> Tile
A
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[,

UberTile

20

target

+

Level

Tile

T

UberTile
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Implicit LexicalScope VS. =
Squeak Environments

e LexicalScope: |late-bound lookup
* Squeak environments: early-bound lookup

* Late-bound lookup makes it easier to react to
structural changes/source code changes

 Parameterized classes cannot be early bound
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Use Cases
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@?ﬁl A —

Dub\icafe Class Names

SpaceCleanup

+ open

+ Game

+ Level

+ | Resources

+ Bucket

Nested Class Modularity in Squeak/Smalltalk
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Sokoban
+ open
+ Game
+ Level

+ | Resources

+ Cheese
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Versioning

+ Geometry

+ polygonArea:

P Calculus

Nested Class Modularity in Squeak/Smalltalk

MyApp class»MathLib
” MathLibrary v1l latest

MyApp class»..»..nGeometry
”~ scope MathLib Geometry
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External Configuration

PaintbrushWithMatrix:10: Matrix ReaderWriter
- Bitmap +new +for:
+ at: + readPixelsFrom:do:
+ load: + at:put: + writePixel:color:
+ initialize + columns
+ save: + rows
+ setPixel:color:

(PaintbrushWithMatrix: Matrix IO: ReaderWriter) class»Bitmap class»load: aFile

| instance |
instance := self new.
scope ReaderWriter
readPixelsFrom: aFile
do: [ :point :color | instance setPixel: point color: color ].
instance

A
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MIXINS

Object

CollectionLogic: CollectionFilter: T :
MyCollection

+ allSatisfy: + detect: T
+ anySatisfy: + select:

CollectionFilter:

[

CollectionLogic:

MyCollection»rdo: aBlock

Mixin = abstract subclass /

CollectionFilter: base class transformator function

< class >
~ base subclass

(CollectionFilter: base)»rdetect: aBlock

self do: [ | (aBlock value: ) ifTrue: [ * 1 1.
self error: ‘element not found’
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Hierarchical Decomposition

SpaceCleanup]

,__EventDispatcher

. Level

|__Builder
t::GridPattern

Random

_Tile
| Item

. Bucket

,__Destructible
Floor

. Monster
Strategy
| MoveToPlayer
i Random

Moving

. PickUp

Player

. Portal

. Slime

L Wall

,Water

- State

L__Bu11d1ng
L_Conflgurlng

1_ GameOver
L__GameWOn
L__Paused
+Running

. Resources

. UI

|__ CheatWindow
L__Configurationwindow
L Controls
l44GameInformation

Breakout

. Level

. Ball

. Block

| Boundary
\__Explosion
___Racket

\ Builder

. Powerup

| __Accelerate
\_Ball
|__Decelerate
\__Enlarge
___Shrink
,__World

. View

. Level
. Menu
___Welcome

. LevelStatistics

. Item

. MenulLabel
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x ModulcSystcmViow
- {} ActiveRecordExample
b o {} ActiveRecordExample2
> o =, {} CollectionExample
» == {} Demo
b {{} IteratorExample
4= {} MathLibrary
« #{}vl
» # vl
» # {1 v2
« #{)v3
{} Constants

» {} Geometry
'« {} Fractals

© lulia
(® Mandelbrot
@ Sierpinski

» {} Shage

{} Helpers
» O Tests

< {} MathLibraryVersioned
» == {} MathematicsLibrarv

’ Install Module

Julia

< class >
~ Object subclass

~(all)

(uncategorized)

| LoadModule [==| ExportModule =f= New Module

{} (self)
(self clas

(O] Julia
(® Mandelbro

@ Sierpinski

<l | Rename === Delete
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Future Work
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L
Future Work

 Performance (byte code transformation)
 Squeak integration + GUI (browser)
* Extension methods

 Migration of legacy code

Nested Class Modularity in Squeak/Smalltalk 29 Matthias Springer



Related Work
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L
Related Work

 Duplicate Class Names:
Packages / Namespaces (VisualWorks, Java, Ruby),
Sgueak environments, Newspeak modules

e (Class Nesting:
Newspeak, BETA, Java, Ruby, Python

 Dependency Management:
Newspeak, Maven, RubyGems, pip, Metacello

» Parameterized Classes / Mixins:
Java generics, C++ templates, Newspeak, Ruby, Python,
Traits
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L.
summary

* Matriona: a module system for Squeak based on class nesting
e “Design Principles Behind Smalltalk™ (D. H. Ingalls)

* Personal Mastery: entire system should be comprehensible
by a single individual

e Factoring: each independent component appears only once

 Modularity: no component should depend on internal details
of another component

 Good Design: system should be built with a minimum set of
unchangeable parts, which are as generic as possible
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