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What is this about?

e A Compiler is often a “Black Box”:
e Text in, Executable Out

e Hard to explore and thus hard to understand



What is this about?

e What | want to do instead: Explore a Language “from the
inside out”

* We get inside, and explore it
* Ask Questions
e Build tiny experiments

e At the end we will have seen all parts of a compiler
(source to byte-code)



This i1s an Experiment!

e Never did this before

* When | was asked to do a Dojo | had no idea what to
show

o Will it work? | have no idea...



Setting: Pharo

* A language in the tradition of Smalltalk
e Evolution of the original ST80 -> AppleSt->Squeak 3.9
e But the goal is not to be Smalltalk
e QObject Oriented
e Single Inheritance (but we have Traits)
 Dynamically typed, Reflective

 Runs on a Virtual Machine that executes bytecode



Let’s install it

* Either go to pharo.org and download the Launcher

e Make sure to load Pharo9

curl https://get.pharo.org/64/90+vm | bash
e \What | do:

./pharo-ui Pharo.image


http://pharo.org

Explore it a bit

Literals: 1, 1.4, ‘String’ #Symbol
Messages: 1+2 , #sin, #ifTrue:
Classes are Objects

Let’s make one!

Let’s change it!



Reflection: Structure

e Method, Classes, Variables... are Objects

e The IDE manipulates these Objects



Variables

* Every defined Variable is described a meta object
e Class Hierarchy: Variable

* GlobalVariable

e ClassVariable

 Temporary Variables

e |nstance Variables (aka Slots)



Variables

Get all Variables of a class
Inspect it

Show how to read it => Used by the Inspector and
Debugger

Show SelfVariable



Inspector on a Method

x - O Playground
>» B -

Doit Publish Bindings  Pages

1 rderedCollecti on>>#do:)

x - 0O Inspector on OrderedCollection>>#do:

a CompiledMethod (OrderedCo...

ltems Bytecode Source IR AST Header Raw  Breakpoints Meta

33 <02> pushRcvr: 2

34 <D1> popintoTemp: 1
35 <01> pushRcvr: 1

36 <D2> popintoTemp: 2
37 <42> pushTemp: 2

38 <41> pushTemp: 1

39 <64> send: <=

40 <EF OE> jumpFalse: 56
42 <40> pushTemp: 0

43 <00> pushRcvr: 0

44 <42> pushTemp: 2

45 <70> send: at:

46 <TA> send: value:
A7 <NR> nan

1 "OrderedCollection>>#do:"

2| self



Method Structure: AST

* We can ask any method for it's AST
e Structure of the method as a Tree

e \ariables are Annotations on the Tree



The AST

e AST = Abstract Syntax Tree
* Tree Representation of the Method

 Used by all tools (refactoring, syntax-highlighting,...)

(OrderedCollection>>#do:) ast



RBMethodNode
RBVariableNode
RBAssignmentNode

RBMessageNode

RBReturnNode

AST

Root

Variable (read and write)
Assignment

A Message (most of them)

Return



Inspect a simple AST

A very simple Example

(OrderedCollection>>#do:) ast

x — 0O Playground Y
> B -

Doit Publish Bindings  Pages

1| (OrderedCollection>>#do:) ast

x — O Inspectorondo: aBlock "Override the superclass for performance reasons.” firstindex to: lastindex do: [ :index | aBlock value
a RBMethodNode (do: aBlock ... ¥V O é& @ aRBvariableNode (RBVariabl... Y ¢

Sourcecode Tree ASTDump Raw  Breakpoints Meta Sourcecode Tree ASTDump Raw  Breakpoints  Met

¥ RBMethodNode(do: aBlock "Override the superclass for performa)
RBVariableNode(aBlock)

[

do: aBlock

"Override the superclass for performan
¥ RBSequenceNode(firstindex to: lastindex do: [ :index | aBlock va) ‘ _ . | | _ o
¥ RBMessageNode(firstindex to: lastindex do: [ :index | aBlock va) 3
RBVariableNode(firstindex) 4 firstIndex to: lastIndex do: [ :index
RBVariableNode(lastindex) 5 aBlock value: (array at: index) ]

» RBBlockNode([ :index | aBlock value: (array at: index) ])



AST Integration

 send #ast to a method to get the AST

e asking twice will get the same object

(Point>>#x) ast == (Point>>#x) ast
—> ftrue



AST Integration

* \We can navigate from execution to AST

e Example:

[ 1 + 2 ] sourceNode ==

thisContext method sourceNode blockNodes first



AST: Navigation

* To make it easy to find and enumerate nodes, there are
some helper methods

e CompiledMethod has: #sendNodes,
#variableNodes, #assignmentNodes

e Every AST node has #nodesDo: and #allChildren



AST: Visitor

e RBProgramNodeVisitor: Visitor Pattern for the AST
e Make subclass, override visit... methods

e |et’s see it in action: Count Message sends



Demo: Visitor



Name Analysis

AST: Every Variable use is a new AST Node
How do we know the semantic meaning?
We need to do Name Analysis!

See OCASTSemanticAnalyzer



Repeat:The AST

e AST = Abstract Syntax Tree
* Tree Representation of the Method

 Used by all tools (refactoring, syntax-highlighting,...)



But who creates it?

e Until now we just saw #ast

e Behind: a Parser



Parser Properties

* \We can parse Syntactically incorrect code

 As we use it for Syntax Highlight and Code Completion

e Right now: Hand Written Parser: RBParser



Step back

e \We have seen the AST
e How it is created

e Name Analysis and Variables



How can we execute Code?

 We are running on a Virtual Machine

* We need to create byte-code for this machine to run



IRBuilder

* |RBuilder allows us to create bytecode easily
e Examples

e Just a method returning a contact

A simple message send

* Accessing state in Objects



Simple: Return true

ir := IRBuilder new
pushLiteral: true;
returnTop;
ir.

ir compiledMethod
valueWithReceiver: nil
arguments: # ()



Message: *1+2

ir := IRBuilder new
pushLiteral: 1;
pushLiteral: 2;

send: #+;
returnTop;
ir.

ir compiledMethod
valueWithReceiver: nil
arguments: # ()



State: *x+y

ir := IRBuililder new
pushInstVar: 1;
pushInstVar: 2;

send: #+;
returnTop;
ir.

ir compiledMethod
valueWithReceiver: 23
arguments: # ()



Jumps: fast #ifTrue:

ir := IRBuililder new
pushReceiliver;
jumpAheadTo: #end if: true;
pushLiteral: 'false';
returnTop;
jumpAheadTarget: #end;
pushLiteral: 'true';
returnTop;
ir.

ir compiledMethod
valueWithReceiver: false
arguments: #()



IRBuilder

 Builds an Intermediate Representation of Bytecode (IR)
* Another Visitor

e Uses class IRBytecodeGenerator and the bytecode
encoder to create methods



AST -> IRBuilder

e We visit the AST and call method on the builder
e See class OCAST Translator

e Example Return

visitReturnNode: aReturnNode

valueTranslator visitNode: aReturnNode value.
methodBuilder returnTop.



|RBuilder and Variables

e Remember: we annotated the AST with Variables
e Code generation is forwarded to the Variable Object

 For example: accessing instance State

visitVariableNode: aVariableNode
aVariableNode variable emitValue: methodBuilder



Lazy Variables

 Two ways to initialize instance state in ST80
e implement #initialize method (#new calls it)

* uUse accessors and lazy init pattern

e Can we not do better? Can the Variable not initialize
itself?



Lazy Variables

InstanceVariableSlot subclass: #LazyInitializedInstanceVariable
instanceVariableNames: 'default'’
classVariableNames: '
package: 'CompilerDojo'

printOn: aStream

aStream
store: self name;
nextPutaAll: ' => ';

nextPutAll: self class name;
nextPutAll: ' default: '.
default printOn: aStream



Lazy Variables

read: anObject
"if the value is nil, we evaluate "
~ (super read: anObject) i1fNil: |
self write: default to: anObject]

emitValue: aMethodBuilder

"generate bytecode for '<varname> ifNil: [<varname> := default]'"

aMethodBuilder
pushInstVar: index;
pushDup;
pushLiteral: nil;
send: i==;
jumpAheadTo: #target if: false;
popTop;
pushLiteral: default;
storeInstVar: index;
jumpAheadTarget: #target



Let’s use it

Object << #MyClass
slots: { #var => LazyInitializedInstanceVariable default: 5 };
package: 'CompilerDojo'



The Compiller

Annotated
Source * AST * AST

RBParser OCSemanticAnalyzer

* IR * Bytecode

OCASTTranslator/
ITRBuilder

Annotated
AST

IRBytecodeGenerator



The Compiller

e Smalltalk compiler -> Compiler Facade
e (Classes define the compiler to use
* You can override method #compiler

e Behind: Compiler Chain



Compiler: Extensible

All parts can be subclassed

Compiler instance can be setup to use the subclass for
any part (parser, name analysis, translator...)

Enable for a class only by implementing #compiler on the
class side

Compiler Plugins



What did we see?

e ASTs and AST Visitors
e |RBuilder and we use to create executable methods

 Changed the Language by implementing our own kind of
Variable



Help Wanted

» We are always interested in improvements!
 This could be all so much simpler!
 Pharo 9 is under active development
e 30-40 Pull Requests integrated per week

* Your Improvements are Welcome!

https://github.com/pharo-project/pharo



Questions?



