2. Smalltalk — a reflective language

Oscar Nierstrasz

Selected material courtesy Stéphane Ducasse
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Birds-eye view !

Less is More — simple syntax and semantics
uniformly applied can lead to an expressive and
flexible system, not an impoverished one.
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Roadmap

> Smalltalk Basics
> The Environment

> Standard classes
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The origins of Smalltalk

Alan Kay’s Dynabook project (1968)

Alto — Xerox PARC (1973)
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Don’t panic!

New Smalltalkers often think they need to understand
all the details of a thing before they can use it.

Try to answer the question

“How does this work?”
with
“l don’t care”.

— Alan Knight. Smalltalk Guru
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Two things to remember ...
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Everything is an object
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Everything happens by
sending messages
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The Smalltalk object model

> Every object is an instance of one class

— ... Which is also an object

— Single inheritance

— A class defines the structure and the behavior of its instances.
> Dynamic binding

— (Nearly) every object is a reference

— All variables are dynamically typed and bound

> State is private to objects
— “Protected” for subclasses
— Encapsulation boundary is the object

> Methods are public
— “private” methods by convention only

10
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Smalltalk Syntax

Every expression is a message send

> Unary messages Transcript cr
5 factorial

> Binary messages 3 + 4

> Keyword messages Transcript show: 'hello world'
2 raisedTo: 32
3 raisedTo: 10 modulo: 5
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Precedence

First unary, then binary, then keyword:

2 raisedTo: 1 + 3 factorial

Same as: 2 raisedTo: (1 + (3 factorial))

Use parentheses to force order:

1 + 2 * 3
1 + (2 * 3)
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Precedence

First unary, then binary, then keyword:

2 raisedTo: 1 + 3 factorial 128

Same as: 2 raisedTo: (1 + (3 factorial))

Use parentheses to force order:

1 + 2 * 3
1 + (2 * 3)
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Precedence

First unary, then binary, then keyword:

2 raisedTo: 1 + 3 factorial 128

Same as: 2 raisedTo: (1 + (3 factorial))

Use parentheses to force order:

1 + 2 * 3 9 (!)
1 + (2 * 3) |17
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A typical method in the class Point

Method name Ayument Comment

4 , "4
<= aPoint

"Answer whether the receiver 1s neither
below nor to the right of aPoint.”

A

X <= aPoint xXx and: [y <= aPoint y]

/’ / \ T \
Return Binary message | Block

Instance variable Keyword message

(2@3) <= (5@6) true

13
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Statements and cascades

Temporary variables

Statement
/!

\

| p pen |

p := 100@100.

pen := Pen new.

pen up.

pen goto: p; down; goto: p+p

N\

Cascade

14

Friday, September 9, 11



Literals and constants

Strings & Characters

'hello’ Sa

Numbers 1 3.14159
Symbols #yadayada
Arrays #(1 2 3)

Pseudo-variables

self super

Constants

true false

15
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Creating objects

> (Class methods

OrderedCollection new

Array with: 1 with: 2

> Factory methods

1@2 a Point
1/2 a Fraction
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Creating classes

> Send a message to a class (!)

Number subclass: #Complex
instanceVariableNames: 'real imaginary'

classVariableNames:

poolDictionaries:
category: 'ComplexNumbers'
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Roadmap

> Smalltalk Basics
> The Environment

> Standard classes

18
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Mouse Semantics

Operate

Select \

/ Window

19
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World Menu

©®  World v
Class Browser
Workspace
Test Runner
Monticello Browser

Tools

Windows »
Debug >
System 4
(» Save
(F Save As...

' Save and quit

&' Quit

Class Browser
Method Search
Method Finder

Workspace
Transcript

File Browser
Test Runner
Process Browser

Monticello Browser

Recover lost changes...

Change Sorter
More...

20
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‘i find again (g)
set search string (h)

Accept, Dolt, Printlt and Inspectit @ do again ()

' @yundo (z2)

. _lcopy (c)

% cut (x)

[\ paste (v)

| [ paste...
(ido it (d)

&3 print it (p)

| QL inspect it (i)

> Accept () explore it (1)
] oL | debug it
— Compile a method or a class definition
' 3¢ cancel (1)
> DOIt i mplementors (m)
_ | methods containing (E)
— Evaluate an expression | csenders {n)
more...
> Printlt

— Evaluate an expression and print the result (#printOn:)

> Inspectlt
— Evaluate an expression and inspect the result (#inspect)

21
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Standard development tools

o606 Number =

666 Transcript (= Kernel-Numbers Complex =il= i

hello world - Kernel-Objects Z Magnitude arithmetic @ integerPart

hello world Kernel-Processes Z Number comparing interpolateTo:at:
Kernel-ST80 Remnants Z  Float converting isDivisibleBy:
KernelTests-Chronology @ Z Fraction filter streaming isinf
KernelTests-Classes z ScaledDecimal intervals @ isInfinite
KernelTests-Methods Z  Integer mathematical functions @ isNaN €]
KernelTests-Numbers z LargePositivelntege™ printing « isNumber
KernelTests-Objects z LargeNegativelnte | testing isOrAreStringWith:
KernelTests-Processes z Smallinteger truncation and round off @ isZero
LED 2 In
Metacello-Core-Exception @ log ‘
Mt Cara l andare PN
=ED b LRI

10U WOIKS

e

666

Method Finder

5.120

5 factorial --> 120

*Integer factorial

periods between the items. 3. 4.

Type a fragment of a selector in the top pane. Accept it.

Or, use an example to find a method in the system.
Type receiver, args, and answer in the top pane with

7

world'; isZero
~self = 0
0606 Test Runner =1
AST-Tests-Core CharacterSetTest
AutomaticMethodCat AssociationTest
AutomaticMethodCa CharacterTest
Bogusinfo-Testing StringTest
CollectionsTests-Abs SymbolTest
CollectionsTests-Arrat WideStringTest
CollectionsTests-Seqt TextAlignmentTest
CollectionsTests-Split TextEmphasisTest
CollectionsTests-Stac TextFontChangeTest
CollectionsTests-Stre: TextFontReference’
CollectionsTests-Supg TextKernTest ::
CollectionsTests-Text TextAndTextStream
CollectionsTests-Unor || TextLineEndingsTest
CollectionsTests-Wea | WideCharacterSetTest
FreeTypeTests-cache
Gofer-Tests
GraphicsTests-Files
GraphicsTests-Primiti
GraphicsTests-Text
KernelTests-Chronolo
KernelTests-Classes
KernelTests-Methods
- <@ I RS e
Run Selected Run Profiled Run Coverage Run Failures Run Errors

666

Monticello Browser

Browse

AST-Core (AST-Core-Ir.67)
AST-Tests-Core (AST-Tests-Core-Ir.9)
Announcements (Announcements-adrian_lienhard
ArchiveViewer (ArchiveViewer-MarianoMartinezPe¢
AutomaticMethodCategorizer (AutomaticMethodC.
AutomaticMethodCategorizerOB (AutomaticMetho
Balloon (Balloon-MarcusDenker.33)

Bogus (Bogus-cwp.18)

Bogusinfo (Bogusinfo-Ir.18)

Bogusext (BogusExt-cwp.4)

Collections-Abstract (Collections-Abstract-Stephan
Collections-Arrayed (Collections-Arrayed-MarcusD
Collections-Sequenceable (Collections-Sequencea
Collections-SkipLists (Collections-SkipLists-adrian_ !

Changes

Collections-Stack (Collections-Stack-stenphane duc

+Repository

Scripts Backport

/Users/oscar/Documents/Projects/Pharolmages/Pt
http://www.squeaksource.com/Pharo
http://www.squeaksource.com/Pharolnbox/
http://www.squeaksource.com/MetacelloReposito
http://seaside.gemstone.com/ss/metacello
http://source.lukas-renggli.ch/omnibrowser
http://www.squeaksource.com/autoMethodCat
http://www.squeaksource.com/shout
http://www.squeaksource.com/RoelTyper
http://www.squeaksource.com/OCompletion
http://www.squeaksource.com/PharoSound
http://www.squeaksource.com/PharoMorphicExtr
http://www.squeaksource.com/Newlnspector
http://www.squeaksource.com/rb

R o

22
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Debuggers, Inspectors, Explorers

A\ AW AW,

50 isPerfect

666 5@10

¥ root: 5@10
» X5
»y: 10

066 Error: This message should be implemented

Smallinteger(Object)>>error:
Smallinteger(Object)>>shouldBelmplemented
Smallinteger(Iinteger)>>isPerfect

UndefinedObject>>Dolt
Compiler>>evaluate:in:to:notifying:ifFail:logged:

[1in TextMorphForShoutEditor(ParagraphEditor)>>evaluateSelection
BlockClosure>>on:do:

Proceed Restart Into Over Through Full Stack I Run to Here I Where I

isPerfect
self shouldBeImplemented

0

self thisContext
all inst vars stack top
all temp vars
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SqueakSource.com

Version 1.3
StqueakSource_ ) = 5
. ‘L.,
Home | Projects | Members
Actions squeak Examples
RSS feed
Back | Overview | Wiki RSS Feed Releases Blessings Versions Latest

Authentication
Login

Project Description

Examples for the Smalltalk course http://www.iam.unibe.ch/~scg/Teaching/Smalltalk/index.html

Members

Creator: Oscar Nierstrasz
Admin: Oscar Nierstrasz

Registration

MCHttpRepository
location: 'http://www.sgueaksource.com/SgueakExamples'
user: ''
password:

Links

http://www.squeaksource.com/SqueakExamples.html
http://www.squeaksource.com/SqueakExamples

Statistics

Registered: 19 March 2006 3:59:41 pm
Total Releases: 0

Total Versions: 3

Total Downloads: 5

XHTML | CSS | RSS

20 March 2006

24
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Categories, Projects and Packages

> A system category MyProject (and possibly
MyProject-*) contains the classes of your application

> A Monticello package MyProject contains the
categories MyProject and MyProject-*

> A SqueakSource project MyProject stores everything in
the Monticello package MyProject

25
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Roadmap

> Smalltalk Basics
> The Environment

> Standard classes
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Object

Kernel-Objects N
Kernel-Pragmas
Kernel-Processes
KernelTests-Chronology
KernelTests-Classes
KernelTests-Exception
KernelTests-Methods
KernelTests-Numbers
KernelTests-Objects
KernelTests-Processes
LED

MemoryMonitor
MenuRegistration-Core

ManiiRanictratinn.avamnle ¥

<

Browse
= anObject

Hierarchy

"Answer whether the receiver and the argument represent the same
object. If=is redefined in any subclass, consider also redefining the

message hash."

~self == anObject

Object v
ProtoObject breakpoint a & closeTo:
Object casing # hash
Boolean class membership iIdentityHashPrintString
False comparing ¢ literalEqual:
True converting &=
MessageSend copying $ ~=
Model debugging
UndefinedObject debugging-haltOnce
*®*  WeakActionSequence dependents access
WeakMessageSend drag and drop
error handling
evaluating
events-accessing
Instance ? Class avantc.ranictarinn > v
>
Variables Implementors Inheritance Senders Versions View

Defines common behavior for
all the objects in the system.

27
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Identity vs. Equality

> = tests Object value

—Should normally be overridden
— Default immplementation is ==!

—You should override hash too!

> == tests Object identity
— Should never be overridden

'foo', 'bar’ 'foobar'
'foo', 'bar' == 'foobar'

28

Friday, September 9, 11



Identity vs. Equality

> = tests Object value

—Should normally be overridden
— Default immplementation is ==!

—You should override hash too!

> == tests Object identity
— Should never be overridden

'foo', 'bar’ 'foobar'
'foo', 'bar' == 'foobar'

true
false

28
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Printing

> Override printOn: to give your objects a sensible
textual representation

Fraction>>printOn: aStream
aStream nextPut: $(.
numerator printOn: aStream.
aStream nextPut: $/.
denominator printOn: aStream.
aStream nextPut: $).
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Object methods to support the programmer

error: aString

Signal an error

doesNotUnderstand: aMessage

Handle unimplemented
message

halt, halt: aString

Invoke the debugger

subclassResponsibility

The sending method is
abstract

shouldNotImplement

Disable an inherited
method

deprecated: anExplanationString

Warn that the sending
method is deprecated.

30
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Numbers

Object

‘F

Magnitude

A

Number

/AN

Float

Fraction

Integer

\

Smallinteger

LargePositivelnteger

LargeNegativelnteger

31
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Abstract methods in Smalltalk

Number>>+ aNumber
"Answer the sum of the receiver and aNumber.

n

self subclassResponsibility

Object>>subclassResponsibility
"This message sets up a framework for the behavior of the
class' subclasses. Announce that the subclass should have
implemented this message.”

self error: 'My subclass should have overridden ',
thisContext sender selector printString

32
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Strings

Object

I

Collection

i

SequenceableCollection

A

ArrayedCollection

i

ByteString |

Strin% \

Symbol

33
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Strings

#mac asString
12 printString
String with: S$A
'can' 't' at: 4

'hello’', ' ', 'world'

> To introduce a single quote inside a string, just double it.

34
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Strings

#mac asString
12 printString
String with: S$A
'can' 't' at: 4

'hello’', ' ', 'world'

> To introduce a single quote inside a string, just double it.

mac
] 12 1

34
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Strings

#mac asString
12 printString
String with: S$A
'can' 't' at: 4

'hello’', ' ', 'world'

> To introduce a single quote inside a string, just double it.

mac
l12l
IAI

34
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Strings

#mac asString
12 printString
'can' 't' at: 4
'hello’', ' ',

String with: S$A

'world'

> To introduce a single quote inside a string, just double it.

mac
l12l
IAI
$|

34
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Strings

#mac asString
12 printString
'can' 't' at: 4
'hello’', ' ',

String with: S$A

'world'

> To introduce a single quote inside a string, just double it.

mac

l12l

IAI

$l

'hello world’

34
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Literal and dynamic arrays

Literal arrays

#(1 + 2

3

) #(1 #+ 2 #. 3)

Dynamic arrays

{1 + 2

3

Array with:

; (3 3)

1+2 with: 3

{ .. }Is ashortcut for Array new ...

#(3 3)

35
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Symbols vs. Strings

> Symbols are used as method selectors and unigue keys
for dictionaries
— Symbols are read-only objects, strings are mutable
— A symbol is unique, strings are not

'cal', 'vin' == 'calvin'. false

('cal', 'vin') asSymbol == #calvin. true
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Booleans

Object

i

Boolean

ifTrue:lfFalse:

not

7 X

True
ifTrue:lfFalse:
not
&

False

not
&

ifTrue:lfFalse:

37
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IfTrue: IfFalse:

Integer>>factorial
"Answer the factorial of the receiver."

self = 0 1fTrue: [~ 1].

self error: 'Not valid for negative integers'

self > 0 ifTrue: [~ self * (self - 1) factorial].

38
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Six Pseudo-Variables

The following pseudo-variables are

hard-wired into the Smalltalk compiler.

nil A reference to the UndefinedObject
true Singleton instance of the class True
false Singleton instance of the class False
Reference to this object
self Method lookup starts from object’s class
Reference to this object (!)
super

Method lookup starts from the superclass

thisContext | Reification of execution context

39
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Control Constructs

> All control constructs in Smalltalk are implemented by
message passing
— No keywords
— Open, extensible
— Built up from Booleans and Blocks

40
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Blocks

> A Block is a closure
— A function that captures variable names in its lexical context
— l.e., a lambda abstraction
— First-class value: can be stored, passed, evaluated

> Use to delay evaluation
> Syntax:

[ :argl :arg2 |

| templ temp2| expression. expression ]

— Returns last expression of the block

41
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Block Example

| sqr|
Sqr ° — [
sqr valu

(D oo

( X D

| n*n ].

25
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Block evaluation messages

[2 + 3 + 4 + 5] value

| x + 3 + 4 + 5 ] value: 2

:y | x + y + 4 + 5] value: 2 value: 3

:y 2z | x + y + z + 5] value: 2 value: 3 value: 4

:y 12 :w | x +y + 2z + w] value: 2 value: 3 value: 4 value: 5

L |

I

e |

43
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Various kinds of Loops

|n|
n:= 10.
[n>0] whileTrue: [ Transcript show: n; cr. n:=n-1]

1 to: 10 do: [:n | Transcript show: n; cr ]

(1 to: 10) do: [:n | Transcript show: n; cr ]

10 timesRepeat: [ Transcript show: 'hi'; cr ]

In each case, what is the target object?

44
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Collections

Object

‘f

Collection

/

SequenceableCollection

ArrayedCollection OrderedCollection led List

ByteString |

/‘ﬁ\ i \

Arra Strin Text | | SortedCollection

Interval

Symbol

N\

Heap

Set

T

Bag |

Dictionary |

i

IdentityDictionary

Resist the temptation to program your own collections!

45
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Common messages

#(1 2 3
#(1 2 3
#(1 2 3
#(1 2 3
#(1 2 3

4)
4)
4)
4)
4)

do: [:X
#(1 2 3 4)
#(1 2 3 4)
#(1 2 3 4)
#(1 2 3 4)
#(1 2 3 4)

into: |

includes: 5

size
isEmpty

contains: [:some | some < 0 ]

do:

[teach | Transcript show: each ]
#(1 2 3 4) with: #(5 6 7 8)

y Transcript show: x+y; cr]
select: [:each each odd ]
reject: [:each each odd ]
detect: [:each each odd ]
collect: [:each | each even ]
inject: 0

:sum :each | sum + each]

false
4

false
false

x B Transcript
1234

x B Transcript

6
g

#(1 3) 1

#(2 4)

1
{false.true.false.true}

10

46
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Iteration — the hard road and the easy
road

How to get absolute values of a collection of integers?

|aCol result|
aCol := #( 2 -3 4 -35 4 -11).
result := aCol species new: aCol size.
1l to: aCol size do:

[ :each | result at: each put: (aCol at: each) abs].
result

(2 3 4 35 4 11)

#( 2 -3 4 =35 4 -11) collect: [:each | each abs ]

(2 3 4 35 4 11)

NB: The second solution also works for indexable collections and sets.
47
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What you should know!

> What is the difference between a comment and a string?
> Why does 1+2*3 = 97

> What is a cascade?

How is a block like a lambda expression?

How do you create a new class?

How do you inspect an object?

Why does Smalltalk have no special syntax for defining
an abstract method or class?

vV V V V

48
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Can you answer these questions?

> Why does Smalltalk support single (and not multiple)
inheritance?

> What is the difference between Point x: 1 y: 2 and
(1@2)?

> |In Smalltalk, what is the difference between “compile
time” and “run time”?

> |f iInstance variables are really private, why can we see
them with an inspector?

49
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@creative
commons

C OMMO N S D E E D

Attribution-ShareAlike 3.0
You are free:
to copy, distribute, display, and perform the work
to make derivative works
to make commercial use of the work

Under the following conditions:
@ Attribution. You must attribute the work in the manner specified by the author or

. licensor.

Share Alike. If you alter, transform, or build upon this work, you may distribute the
resulting work only under a license identical to this one.

For any reuse or distribution, you must make clear to others the license terms of this work.
Any of these conditions can be waived if you get permission from the copyright holder.

Your fair use and other rights are in no way affected by the above.

http://creativecommons.org/licenses/by-sa/3.0/
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