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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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The origins of Smalltalk
Dynabook project (1968)

Alto — Xerox PARC (1973)

http://esug.org/data/HistoricalDocuments/Smalltalk80/SmalltalkHistory.pdf



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




Two things to remember ...



Everything Is an object



Everything happens by
sending messages




The Smalltalk object model

> Every object is an instance of one class
— ... Which is also an object
— Single inheritance

> Dynamic binding
— All variables are dynamically typed and bound

> State is private to objects

— “Protected” for subclasses
— Encapsulation boundary is the object, not the class!

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

Every expression is a message send

> Unary messages

> Binary messages

> Keyword messages

5 factorial

Transcript cr

3 + 4
'hi', ' there’

Transcript show: 'hello world'
2 raisedTo: 32
'hello' at: 1 put: Sy
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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) 7
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Literals and constants

Strings & Characters

'hello’ Sa

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

Pseudo-variables

self super

Constants

true false
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Blocks

Block
1 to\. 7. [ :n \Transcript show: n; cr ]
Keyword message Block argument Cascade
% - O Transcript ~ ~ |
1
| 2
| 3
, 4
E
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Roadmap

> Smalltalk Basics
> Demo: modeling Call Graphs
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Task: analyze call graph logs

Return type “Owner”

|

Called method
\

-

Formal argument types

|

A

|

| java.lang.String:org.clapper..HTMLUtil.convertCharacterEntities: java.lang.String|
STATIC METHOD|java.lang.String|org.clapper..convertHTMLEntities:47

\

Dynamic argument types

Receiver class (or “static”)

\

Call site (method + line #)
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How to reconstruct the model from the log?

CallGraph
receiver
/\ Class
Call dynamic * N
* arguments 1

x static
arguments
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Questions of interest

> How many calls are there?

> How many methods are called?

> How many classes are accessed?

> Which methods are static?

> Which methods are called most frequently?

> What is the depth of the call graph?

> Which methods are called by more than one caller?

> Which methods are potentially polymorphic? (multiple
receivers/implementations)

> What are the polymorphic call sites? (methods called with
different receiver/argument types)

> ...
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Pharo — a modern Smalltalk

Phar

¥ =0 Welcome to Pharo 3.0! 2 ot i B e
S Sy :
Pharo 3.0
Welcome to Pharo, an immersive live programming environment. ?
You can learn pharo by highlighting the next line and selecting [Do it] from the context menu:" ‘ http://pharobyexamp|e_org/

PharoTutorial go.

"Pharo 3.0 comes with a whole set of packages you can use to explore the system and develop your own
applications. But maybe you need other stuff or feel more comfortable using a tool you already know. To
easily load projects, you can open the Configurations Browser by executing:"
MetacelloConfigurationBrowser open.

“You can also open the World menu (just click the desktop) and go to Tools, then Configuration Browser.
You can find information about Pharo on http://www.pharo.org. In particular, you may be interested in:

- Joining us and getting help http://www.pharo.org/get-help

- Getting the Pharo By Example book (avallable as a free PDF): http://www.pharobyexample.org
- Browser the documentation htto://www.pharo.ora/documentation v

http://pharo.org/download

[/ Welcome to Pharo 3.0!
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The Workspace and the Transcript

= O Workspace

| Transcript show: *Hello world!"

The Workspace is a place
to evaluate arbitrary
Smalltalk expressions

x - O Transcript v

Hello world!

The Transcript is a place to

print diagnostic messages .



Accessing a file from a Workspace

We can open a FileStream object on the Calls.txt
file and extract its contents using an Inspector

:X—D

' FileStream fileNamed: 'Calls.txt’

x -0
|
!

Workspace |

- self
. collection
. position

. readLimit
. writeLimit
. rwmode

. name

. filelD

. bufferl

. converter

Eyelnspector

Multi

tiByteFileStream -

A  MultiByteFileStream:
'/Users/oscar/Desktop/Pharo3.0.app
/Contents/Resources/Calls.txt’

v

= |self contents

A

“ ljava.lang. Strlng org.clapper.util.Lhtml.HTMLUtil.convertChara
ficterEntltles java.lang.String|STATIC _METHOD|java.lang.Strin
? |org clapper ut|| html test. HTMLEntities Test.convertH TMLE vif

We should encapsulate this data in a ClassGraph object

|
|
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Navigating to “implementors” or “senders”

x = 0O Workspace
FileStream fileNamed: "Calls.txtt
| % =0 2
| CairoPNGPaint clasg '
| Codelmporter clas! STSTIETIS
| FileStream class (in Kernel
StandardFileStre System

| MCDataStream clas41

Browse

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i

fileNamed: fileNa@
~ self concrete]‘

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
-1
|
|
|
|

| <

» 3 FreeType

. » {} FreeTypeTests
. » £ Fuel

1 FuelCommandLineHandler
3 FuelHacks

() FuelSystem-FileRegistry
1 FuelTests

3 FuelTools-Debugger

1) Generated-code-non-exisi
1 Gofer-Core
1 Gofer-Tests
>

Groups Hierarchy

| fileNamed: fileName

v

©
C/

L e

C/

@ Class side

AsyncFile

FileStream
StandardFileStream
MultiByteFileStream
FileStreamException

CannotDeleteFileException
FileDoesNotExistException
FileExistsException
FileWriteError

Comments

~ self concreteStream fileNamed: (self fullName: fileName)

Source code

"Categories”
Classes

 FileSfeam dass>>#fileNamedsf Y -

“Protocols”

-- all --
concrete classes
dnd requests
file reader services
< initialize-release
instance creation
stdio
system startup
utils
# *FileSystem-Core
# *Tools-FileList

Methods

detectFile:do:

+ fileNamed:
fileNamed:do:

¢+ forceNewFileNamed:
forceNewFileNamed:do:
fullName:

¢ isAFileNamed:

4 new

+ newFileNamed:
newFileNamed:do:

+ oldFileNamed:
oldFileNamed:do:
oldFileOrNoneNamed:

¢ readOnlyFileNamed:
readOnlyFileNamed:do:

65
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Creating a new class

NB: A symbol

/

Object subclass: #CallG;aph
instanceVariableNames: '
classVariableNames: '
category: 'CallGraph’

To create a new class, send a message
to its superclass in the system browser

NB: Be sure to write a class comment!
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Defining methods

Convention to “Selector” (method name)
iIndicate class name
\ argument
‘ 14 !/

CallGraph>>from: aString
calls := Character cr split: aString

method body

CallGraph>>calls
" calls MR

— An accessor method

NB: always put methods in a well-named “protocol” »



How many calls are there in the call
graph?

| eg |
cg := CallGraph new from: (FileStream fileNamed: 'Calls.txt') contents.
cg calls size 2476

Let’s improve the instantiation interface
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Factory methods and other “static”
methods are defined on the class side

CallGraph class>>fromFile: fileName
” self new from: (FileStream fileNamed: fileName) contents

(CallGraph fromFile: 'Calls.txt’') calls size. 2476

Let’s turn this into a test!
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Creating a simple test
a 5-line excerpt from Calls.txt

CallGraph class>>example ,/,
* self new from: ‘|java.lang.String:..’

TestCase subclass: #CallGraphTest
instanceVariableNames: '
classVariableNames: '
category: 'CallGraph’

CallGraphTest>>testNumberOfCalls
self assert: CallGraph example calls size equals: 5

x - 0O Test Runner v
call v ) ses, 0 skippe
CallGraph CaliGraphTest

Run Selected Run Profiled Run Coverage Run Fallures Run Errors  File out results 27




Monticello is a version control system
for Smalltalk

x - O Monticello Browser T e
+Package +Config +Slice Browse Changes +Repository Save Open
: iccept Wi Hit return to accept ¥  Package ¥
* CallGraph () 4 JUsers/oscar/Desktop/Pharo3.0.app/Contents/Resourc

AST-Core (MarcusDenker.208)
AST-Interpreter-Core (MarcusDenker.112)
AST-Interpreter-Extension (MarcusDenker.36)
AST-Interpreter-Test (SvenVanCaekenberghe.92)
AST-Tests-Core (SvenVanCaekenberghe.41)
Announcements-Core (MarcusDenker.55)
Announcements-Help (MarcusDenker.8)
Announcements-Tests-Core (MarcusDenker.18)
Announcements-View (MarcusDenker.20)

Asm Jit-Core (MarcusDenker.8)

Asm Jit-Extension (MarcusDenker.8)

Asm Jit-Instructions (MarcusDenker.11)

Asm Jit-Operands (StephaneDucasse.14)

Asm |it-StackManagement (SvenVanCaekenberghe. ¥
4 »
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Smalltalkhub is a web site for sharing
monticello projects

® 00 ‘ $New project - SmalltalkH. x

€« C A ) smalltalkhub.com/#!/register
GlHot Qlcar [l cool Qluni CASNF Ecal & drive “ on

(L] Stocks el O pwyl I sBB

C.I search CJ Music

:*° Apps

Home Explore Searc

W] Sk peiA

B Create a new project

Public write access

Description

Project name CallGraphDemo (1] please be certain, it cannot be changed later.
Project website http://scg.unibe.chteaching/sde
Tags teaching [ tags are separated by commas.
Project license MIT .

Smalltalk introduction demo classes for Software Design and Evolution course.
Wae process a Call Graph log and build up Smalitalk objects to model the call graph.

i onierstrasz
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GitFileTree provides git integration

® 00 OcallGraphslgetMethod..sr. x W

\ S

)

S C # 8 https://githﬁb.com/onierstrasz/callGraphs/blob/master/CiEraph.package/CaIIGraph.cla... {_‘3 & 3 & 0 &

O This repository

-_| onierstrasz / callGraphs

b oranch: master v callGraphs / CallGraph.package / CallGraph.class / instance / getMethod..st

onierstrasz 2 minutes ago callgraphs v1

1 contributor

6 lines (6 sloc) 0.194 kb

instance creation
getMethod: signature
| fields methodName |
fields := $: split: signature.
methodName := fields at: 2.
A methods at: methodName ifAbsentPut:

© 2014 GitHub, Inc. Terms Privacy Security Contact

Explore Gist Blog Help onierstrasz +~ L3 & P
@uUnwatch 1 % Star 0 YFork 0
=
. . 3
x - 0O Configuration browser v
it re S v 0,
}l U \IMIGALTORNT L I A .
@ GitFileTree (ThierryGoubier.27) I
) Glorp (SvenVanCaekenberghe.38) s W

() GlorpDBX (EstebanM
() GraphET (TudorGirb;:
) Gravatar (TorstenBe
(JGrease (StephanEgc
JHP35 (SvenVanCaek
(_JINIFile (TorstenBergt
Jlliad (HernanMorales
(JInstanceEncoder (He
() JSON (PaulDeBruicke
(JKendrick (SergeStin
(JKomHttpServer (Hel
‘il onds (HernanMoral

Install Stable Vers

x — 0O Repository: master@git@githu
Pull Push Refresh Save Browse History
Hit return to accept v
CallGraph

Name: CallGraph-OscarNierstrasz.l

Author: OscarNierstrasz

Time: 9 September 2014, 11:28:03 am

UUID: aecal702-b2ca-547f-ac4a-ad0a712c4b93
Ancestors:

b.com:onierstrasz/callGrap
Changes Load Merge Adog

CallGraph-OscarNierstrasz.




Modeling Calls, Methods and Classes

We want to build up a Call object for each line of the log

CallGraph>>from: aString
calls := (Character cr split: aString)
collect: [ :each | self createCall: each ]

'hello’ collect: [ :each | each uppercase ] 'HELLO'

Let’s look at Collections first ...
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Collections

Object

‘F

Collection

/

SequenceableCollection

ArrayedCollection OrderedCollection \LinkedList

/‘W\ i

Arra

Strin

ByteString |

Text | | SortedCollection

Symbol

Interval

Heap

Set

‘T

Dictionary

I

Bag|

IdentityDictionary

Resist the temptation to program your own collections!
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Common messages

#(1
#(1
#(1
#(1
#(1

N DNDNDDNDDNDDN

|

®

Q
Wwwwwm w O Wwwwww

#(1

#(1
#(1
#(1
#(1
#(1

into:

NN DN DN DN e N

4)
4)
4)
4)
4)

h |

4)

:X 3
4)

4)
4)
4)
4)

includes: 5

size

isEmpty

contains: [:some | some < 0 ]
do:

Transcript show: each ]

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
]

#(1 3) 12

#(2 4)

1

{false.true.false.true}

10
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Conditionals

(11 factorial + 1) isPrime ifTrue:

lyesl

Object

I

Boolean

ifTrue:ifFalse:

not
&

/

True

ifTrue:ifFalse:
not
&

A\

False

not
&

ifTrue:ifFalse:

[ 'yes' ] ifFalse: [ 'no' ]

> All control constructs In
Smalltalk are
implemented by message
passing
— No keywords
— Open, extensible

— Built up from Booleans and
Blocks

34



Creating Calls, Methods and Classes

emporary (local) variables

CallGraph>>createCall %Z{Strlng
| fields callee

fields := $| spllt. callString.

—assertions (not tests)

self assert: fields size 5. «
self assert: (fields at: 1) size 0.
callee self getMethod: (fields at: 2).
~ Call new callee: callee

"TODO -- handle the remaining fields!”

CallGraph>>initialize

\a comment

the methods!

super initialize. < cache
methods := Dictionary new /
CallGraph>>getMethod: signature J/

| fields methodName |

fields := S$: split: signature.

methodName := fields at: 2.

” methods at: signature

ifAbsentPut: [ JMethod new name: methodName ]

CallGraph>> methods
” methods

35



The debugger is your friend!

(CallGraph fromFile:

'Calls.txt') methods size.

[...] in CallGraph

Dictionary
Dictionary
CallGraph

getMethod:

[...] in Dictionary at:ifAbsentPut:

at:ifAbsent:
at:ifAbsentPut:
getMethod:

x — O MessageNotUnderstood: IMethod>>name: v
Proceed Abandon Debug
JMethod(Object) doesNotUnderstand: A

36



Using the debugger

x = 0O AssertionFailure: Assertion failed »
'CallGraph(Object) assert: A
CallGraph createCall:
[...] in CallGraph from:
OrderedCollection collect:
CallGraph from:
CallGraph class fromFile:
UndefinedObject Dolt
OpalCompiler evaluate
Cranlltall-CAaitar ocvnlhuntaSalactianAndDaos v
Proceed Restart Into Over Through Full Stack Run to here Where is?
createcCall: callString
| fields callee |

fields := $| split: callString.

self assert: fields size =5. The debugger reveals the

self assert: (fields at: 1) size = 0.

ol now caleer callee. false assumption that each

“TODO -- handle the remaining fields!
log line is a complete entry

< Eye]nspector v thisContext A CallGraph>>createCa|l:

stackTop
self a CallGraph all temp vars
calls callString
methods fields

rallaa v



Duck Typing

CallGraph>>from: aString
calls := ((Character cr split: aString)
select: #notEmpty)
collect: [ :each | self createCall: each ]
Behaves like:

CallGraph>>from: aString
calls := ((Character cr split: aString)
select: [:each | each notEmpty])
collect: [ :each | self createCall: each ]

since symbols also understand value:



Number of methods

CallGraphTest>>testNumberOfMethods
self assert: CallGraph example methods size equals: 5

(CallGraph fromFile: 'Calls.txt') methods size. 168
x - 0O Dictionary [164] v
EyeDictionarylnspector v

self 4 a Dictionary(size

‘org.clapper.util.html.HTMLUtil.convertCharacterEntities'
‘org.clapper.util.html.HTMLUtil.convertEntity'
‘org.clapper.util.html.HTMLUtil.getResourceBundle'
‘org.clapper.util.Lhtml.HTMLUtil.makeCharacterEntities’
‘org.clapper.util.html.LHTMLUtil.stripHTMLTags'
‘org.clapper.util.html.HTMLUtil.textFromHTML"
‘org.clapper.util.logging.Logger.debug’
‘org.clapper.util.logging.Logger.isDebugEnabled’
‘org.clapper.util.misc.Arraylterator.getNextindex'
‘org.clapper.util.misc.Arraylterator.hasNext'
‘org.clapper.util.misc.Arraylterator.next’
‘org.clapper.util.misc.Arraylterator.previous'
‘org.clapper.util.misc.Enumerationiterator.hasNext' v

164)
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To do ...

> Model classes (introduce JClass class)

> Model argument and return types of methods
> Track which methods are static

> Determine which methods are polymorphic

40



Queries

(CallGraph fromFile: 'Calls.txt’') methods size. 168
(CallGraph fromFile: 'Calls.txt') classes size. 209

((CallGraph fromFile: 'Calls.txt') methods
select: [ :m | m calls size > 1 ]) size. 141

((CallGraph fromFile: 'Calls.txt’') methods
select: #isPolymorphic) size. 10

41



What you should know!

> What’s the difference between a method, a selector and a
message”?

> What are categories and protocols? What are they for?
> How do you create a new class in Smalltalk?

> What’s the difference between CallGraph and
CallGraph class?

> What are “class side” methods for?
> How Is a block like a lambda®?
> What’s the difference between a string and a symbol?
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Can you answer these questions?

> (Can a class access the fields of one of its instances?

> Can you name something that is not an object in
Smalltalk?

> What happens to existing instances of a class if you add
new fields at run time?

> What will happen if you change the implementation of
core classes (like Booleans or Strings)?

> What’s the difference between self and super?
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@creative
commons

COMMO 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.orqg/licenses/by-sa/3.0/



http://creativecommons.org/licenses/by-sa/2.5/

