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What is IronPython?
 Targets Python 2.5 in the IronPython 2.0 Alpha

 Enabled via command line switch

 Will be fully Python 2.5 compliant by 2.0 RTM

 IronPython 2.0 Alpha shipped with

 Silverlight Alpha

 ASP.NET Futures



What is Managed JScript?
 Implementation of ECMA-262 3rd edition (1999)

 First CTP shipped with 

 Silverlight 1.1 Alpha

 ASP.NET futures

 Runs wherever DLR runs

 CoreCLR

 Desktop CLR



What is IronRuby?
 Implementation of Ruby 1.8.x branch

 Modulo continuations

 Demo-only bits today

 Runs wherever DLR runs

 CoreCLR

 Desktop CLR





Six Easy Pieces
 Locals and simple expressions

 Declare and invoke a function

 Create a closure

 Type System Behavior

 .NET Interop

 Debugging and error handling



Locals and simple expressions

x = 3
y = 4
puts x + y



Simplified Language AST



Simplified DLR AST



Transform assignment node
Variable BindVariable ( LocalVariable v) {

Variable var = null;
LexicalScope scope = v.ContainingScope ;
do {

if ( scope.LocalVariables.TryGetValue ( v.Name, out var )
break;

scope = scope.ParentScope ;
} while (scope != null);
return var ;

}

BoundAssignment Transform( SimpleAssignmentExpression expr ) {
return new BoundExpression ( BindVariable ( expr.Left ), 

expr.Right , 
Operators.None );

}



object x = RuntimeHelpers.Int32ToObject(3);
object y = RuntimeHelpers.Int32ToObject(4);
object result = RubyOps.InvokeMethod (__ global_context , 

self, 
x, 
"+", 
new object[] { y }, 
null);

return RubyOps.InvokeMethod (__ global_context , 
self, 
self, 
"puts", 
new object[] { result }, 
null);

What gets generated?



Declare and invoke a function

function foo (a) {
var b = "World";
return a + b;

}

foo ("Hello ");



Χ ǘƘŜ ƎŜƴŜǊŀǘŜŘ !{¢ǎ
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ΧŀƴŘ ǘƘŜ ƎŜƴŜǊŀǘŜŘ ŎƻŘŜ

public static object foo $1( CodeContext $context, object 
@this, object a ) {

object b = "World";
return DoOperation - Add- 0.Invoke($context, a, b);

}



Closures in JS

function createAdder ( val ) {
return function(x) {

return val + x;
}

}

add10 = createAdder (10);
add20 = createAdder (20);

print(add10(10)); //prints 20
print(add20(10)); //prints 30 



What gets generated?

public static object createAdder ( CodeContext $context, 
object @this, object val )

{
CodeContext $frame = CreateEnvironment ($context, val );

return JSFunctionObject.MakeFunction (
$frame , // environment of execution
String.Empty ,  // method name

// create delegate to inner function
new CallTargetWithContextN ( Accumulator.AdderFunction ),
new String[] { "x" }); // array of parameter names

}

function createAdder ( val ) {
return function(x) {

return val + x;
}

}



What gets generated?

public static object AdderFunction ( CodeContext $context,
object @this, object x)

{
Scope parent = $ context.Scope ;
Environment environment = 

RuntimeHelpers.GetTupleDictionaryData <Environment>( parent );
object val = environment.Item001;

return DoOperation - Add- 0.Invoke($context, val , x);
}  

function create_adder ( val ) {
return function(x) {

return val + x;
}

}



Closures in Ruby

def count_by (limit, step)
total = 0
limit.times { total = total + step }
total

end

puts count_by (10, 3)



public static object CountBy(object self, object block,
object limit, object step)

{
CodeContext $frame = CreateEnvironment (step);
Method block = RubyOps.MakeBlock( $frame , self, 

new CallTargetWithContext1( CountByBlock ));
RubyOps.InvokeMethod ( $frame , self, limit, "times", 

new object[0], block);
Environment $environment =

RuntimeHelpers.GetTupleDictionaryData <Environment>($frame);
return $environment.Item002;

}

def count_by (limit, step)
total = 0
limit.times { total = total + step }
total

end

What gets generated?



public static CodeContext CreateEnvironment (step) {
Environment $environment = new Environment();
FunctionEnvironmentDictionary <Environment> dictionary =

new FunctionEnvironmentDictionary <Environment>($environment);
$environment.Item000 = dictionary;
$environment.Item001 = step;
$environment.Item002 = (object)0;

return RuntimeHelpers.CreateNestedCodeContext (__ global_context , 
dictionary, true);

}

def count_by (limit, step )
total = 0
limit.times { total = total + step }
total

end

What gets generated?



public static object CountByBlock ( CodeContext $context,
object self)

{
Scope parent = $ context.Scope ;
Environment environment = 

RuntimeHelpers.GetTupleDictionaryData <Environment>(parent);
object step = environment.Item001;
// total = total + step
environment.Item002 = RubyOps.InvokeMethod ($context, 

self,                  // type
environment.Item002 ,   // target
"+",                   // method
new object[] { step }, // parameters
null);                 // block

return environment.Item002 ;
}

limit.times { total = total + step }

What gets generated?



JS Type System
 JS is an object oriented language

 Objects in JS are just property bags (with behavior)

 Supports prototype based inheritance

 Implementation

 Central to the types system is JSObject that implements 
the prototype based inheritance

 JSObject responds to the messages (action requests) 
from the DLR by implementing the interfaces that 
expose Get/Set/Delete/Call/Construct actions



Prototype based inheritance

Object.prototype.x = 10;
var o = new Object();

print( o.x );  //prints 10

o.x = 20;
print( o.x );  //prints 20



²Ƙŀǘ ƘŀǇǇŜƴǎ ǘƻ ǊŜǎƻƭǾŜ άo.xέ

GetMember- x- 3.Invoke(o)
- Dynamic Site for get member action

RuntimeHelpers.GetMember (site1.Context, o, new SymbolId ("x"))
- Runtime helper to perform the get action

context.LanguageContext.GetMember (context, o, x)
- Delegates to the language context
- This is the first place were language gets to decide
- &ÏÒ ÅØÁÍÐÌÅ ÉÎ *3 ÒÅÔÕÒÎ ƥ5ÎÄÅÆÉÎÅÄƦ ÉÆ ÎÏÔ ÆÏÕÎÄ

JSObject.TryGetCustomMember (context, x, out value)
- In this sample, JSObject responds to the get request
- This object understands prototype based inheritance



.NET Interop

Import("System");

a = new System.Collections.ArrayList ();
a.Add ("hello");
a.Add ("world");

print( a.Count );
print(a[0]);



public static object Initialize( CodeContext )
{

object arrayListType = GetArrayListType ();
// var a = new System.Collections.ArrayList ();
object temp = RuntimeHelpers.Construct (__ global_context , 

arrayListType , new object[0]);
object a = Convert.ToObject (__ global_context ,

temp.CurrentValue );
// a.Add("hello");
RuntimeHelpers.CallWithThis (__ global_context , 

GetMember- Add- 3.Invoke(a),
a, new object[] { "hello" });

...
}

Import("System");
var a = new System.Collections.ArrayList ();
a.Add ("hello");

What gets generated?



What should happen here?

Import("System");

a = new System.Collections.ArrayList ();
a.Add ("hello");
a.Add ("world");

for (e in a) {
print(e);     // what is e?

}



Must respect JS semantics

Import("System");

a = new System.Collections.ArrayList ();
a.Add ("hello");
a.Add ("world");

for (e in a) {
print( a[e] );

}



What should happen here?

a = System::Collections:: ArrayList.new

a.add "hello"
a.add "world"

# literal .NET - style iteration
(0..a.count Ƶ1).each { |index| puts a[index] }



Respect Ruby idioms

a = System::Collections:: ArrayList.new

a.add "hello"
a.add "world"

# Ruby- style iteration
a.each { |item| puts item }



Respect Ruby idioms

def each
enum = IEnumerable.get_enumerator (self)
while IEnumerator.move_next ( enum)

yield IEnumerator.current ( enum)
end

end



More can come for free

include Enumerable  # on any IEnumerable type



More can come for free

a = System::Collections:: ArrayList.new

a.add "hello"
a.add "world"

b = a. collect { |item| item + "!" }

puts b. first # "hello!"
puts b. last # "world!"



Debugging

1 function foo () {
2 var x = "10.2.07";
3 return Date.prototype.getMonth.call (x);
4  }
5
6  foo (); // this will cause a runtime error



public static object foo$1( CodeContext $context, object @this) {
object x = "10.2.07";
object #2 = Convert.ToObject ($context, GetMember - getMonth -

0.Invoke($context, Convert.ToObject ($context, GetMember - prototype -
1.Invoke($context, Convert.ToObject ($context, 
Date.CurrentValue )))));

return RuntimeHelpers.CallWithThis ($context,
GetMember- call - 2.Invoke($context, #2), #2, new object[] { x });

}

Generated code



Scary exceptions

at Microsoft.JScript.Runtime.JSDatePrototype.getMonth(Object thisob) in C:\dev\Main\Languages\JS\JS.Runtime\JSDatePrototype.cs:line 794
at Microsoft.JScript.Runtime.JSDatePrototype.getMonth(Object[] arguments) in C:\dev\Main\Languages\JS\JS.Runtime\JSDatePrototype.Generated.cs:line 213
at Microsoft.JScript.Runtime.JSFunctionObject.Call(CodeContext context, Object instance, Object[] args) in C:\dev\Main\Languages\JS\JS.Runtime\JSFunctionObject.cs:line 204
at Microsoft.JScript.Runtime.JSFunctionPrototype.call(CodeContext context, Object[] arguments) in C:\dev\Main\Languages\JS\JS.Runtime\JSFunctionPrototype.cs:line 118
at Microsoft.JScript.Runtime.JSFunctionObject.Call(CodeContext context, Object instance, Object[] args) in C:\dev\Main\Languages\JS\JS.Runtime\JSFunctionObject.cs:line 215
at Microsoft.JScript.Runtime.JSOps.CallWithContextAndThis(CodeContext context, Object func, Object instance, Object[] args) in C:\dev\Main\Languages\JS\JS.Runtime\JSOps.cs:line 290
at Microsoft.JScript.Runtime.JSContext.CallWithThis(CodeContext context, Object function, Object instance, Object[] args) in C:\dev\Main\Languages\JS\JS.Runtime\JSContext.cs:line 226
at Microsoft.Scripting.RuntimeHelpers.CallWithThis(CodeContext context, Object function, Object instance, Object[] args) in C:\dev\Main\Runtime\Microsoft.Scripting\RuntimeHelpers.cs:line 241
at methods$mod_1.foo$1(CodeContext $context, Object this) in methods.js:line 3
at methods$mod_1.foo$1(CodeContext , Object[] )
at _stub_##1(Object[] , FastDynamicSite`2 , Object )
at Microsoft.Scripting.Actions.FastDynamicSiteTarget`2.Invoke(FastDynamicSite`2 site, T0 arg0)
at Microsoft.Scripting.Actions.FastDynamicSite`2.UpdateBindingAndInvoke(T0 arg0) in C:\dev\Main\Runtime\Microsoft.Scripting\Actions\DynamicSite.Generated.cs:line 102
at Microsoft.Scripting.Actions.DynamicSiteHelpers.UninitializedTargetHelper`7.FastInvoke1(FastDynamicSite`2 site, T0 arg0) in C:\dev\Main\Runtime\Microsoft.Scripting\Actions\DynamicSiteHelpers.Generated.cs:line

78
at Microsoft.Scripting.Actions.FastDynamicSite`2.Invoke(T0 arg0) in C:\dev\Main\Runtime\Microsoft.Scripting\Actions\DynamicSite.Generated.cs:line 86
at methods$mod_1.Initialize(CodeContext ) in methods.js:line 6
at Microsoft.Scripting.ScriptCode.Run(CodeContext codeContext) in C:\dev\Main\Runtime\Microsoft.Scripting\Hosting\ScriptCode.cs:line 103
at Microsoft.Scripting.ScriptCode.Run(Scope scope, ModuleContext moduleContext) in C:\dev\Main\Runtime\Microsoft.Scripting\Hosting\ScriptCode.cs:line 120
at Microsoft.Scripting.ScriptModule.Execute() in C:\dev\Main\Runtime\Microsoft.Scripting\ScriptModule.cs:line 106
at Microsoft.JScript.Compiler.Shell.CommandLine.RunFile(String fileName) in C:\dev\Main\Languages\JS\JSCompiler\CommandLine.vb:line 52



public static object foo$1( CodeContext $context, object @this) {
int $line;
try {

$line = 2;
object x = "10.2.07";
$line = 3;
object #2 = Convert.ToObject ($context, GetMember - getMonth -

0.Invoke($context, Convert.ToObject ($context, GetMember - prototype -
1.Invoke($context, Convert.ToObject ($context, 
Date.CurrentValue )))));

return RuntimeHelpers.CallWithThis ($context,
GetMember- call - 2.Invoke($context, #2), #2, new object[] { x });

} fault {
RuntimeHelpers.UpdateStackTrace ($context, 

methodof (methods$mod_1.foo$1), " foo ", "methods.js", $line);
}

}

Generated code



Friendly exceptions

methods.js (3, 1) TypeError : Date object expected



A Few Hard Things
 Dynamic Sites

 JS function calls with mismatched arity



Dynamic Sites
 Why?

 Simplest possible case ɀGetMember walkthrough

 What do they have to do?

 What gets generated?

 Multiple target types in site

 User defined type in site



Why Dynamic Sites?
 Performance optimization

Python Code:  
for x in ( DateTime.Now, UserDateTime ()):

print x.Days

object Site - GetMember- Days(object x) {
if(x != null && x.GetType () == typeof ( DateTime)) 

return (( DateTime)x). get_Days ();

return UpdateBindingAndInvoke ();
}



StandardRule<T>

StandardRule <T>:
Test:

BinaryExpression.AndAlso (
BinaryExpression.NotEqual (

rule.GetParameterExpression (0),
ConstantExpression.Constant (null)),

TypeBinaryExpression.TypeIs (
rule.GetParameterExpression (0),
typeof ( DateTime)))

Target:
MemberExpression.Property (

StaticUnaryExpression.Convert (
rule.GetParameterExpression (0),
typeof ( DateTime)),

typeof ( DateTime). GetProperty ("Days"))



Object based rules?
 UserDateTime implements IDynamicObject (IActionable

today)

 IDynamicObject.GetRuleН4ОɉȣɊ ÐÒÏÄÕÃÅÓ Á 
StandardRule<T>

 DLR combines rules into single site:

object Site - GetMember- Days(object x) {
if(x != null && x.GetType () == typeof (Object_1) &&

((Object_1)x). Dict == null &&
((Object_1)x). DynamicType.Version == 123) {
return now$f45(x);

} else if(x != null && x.GetType () == typeof ( DateTime)) 
return (( DateTime)x). get_Days ();

return UpdateBindingAndInvoke ();
}



The problem with arity

function foo (a, b) {
print(a, b);

}

function bar(a, b) {
print(a, b, arguments[2]);

}

foo (10);           // legal!
bar(10, 20, 30);   // this too!



Leverage the parser

Select Case CurrentType
...
Case Token.Type.Identifier

Dim ID As Identifier = Current.Spelling
If ID Is _Arguments Then

_BindingInfo. RefersToArguments = True
ElseIf ID Is _ Eval Then

_BindingInfo. RefersToEval = True
End If
...

parser.vb



Intelligent AST generation

If Function.BindingInfo. RefersToArguments Or 
Function.BindingInfo.RequiresDynamicLookup Then

DefineArgumentsObject ()

' Emit code to capture parameters as an array
Block.ParameterArray = True

Else
' Fast path omits parameter array creation
Block.ParameterArray = False

End If



DŜƴŜǊŀǘŜŘ ŎƻŘŜ ŦƻǊ ΨfooΩ

public static object foo$1 ( CodeContext $context, object @this, 
object a, object b )
{

Call - Simple - 0.Invoke($context, print .CurrentValue , a, b);
return null;

}



public static object bar$2 ( CodeContext $context, object[] $ params)
{

CodeContext $frame; object instance;
Tuple <IAttributesCollection , ...> $environment;
FunctionEnvironmentDictionary <...> dictionary;
... //create environment and dictionary

$frame = RuntimeHelpers.CreateNestedCodeContext ($context, dictionary);
$environment.Item001 = $ params[0];
$environment.Item002 = $ params[1];   // a
$environment.Item003 = $ params[2];   // b
$environment.Item004 = instance;     // arguments

SymbolId [] paramIds = new SymbolId [] { new SymbolId (a), new SymbolId (b) };
instance = JSArgumentsObject.Create ($frame, paramIds , dictionary, $ params);

Call - Simple - 1.Invoke($frame, print .CurrentValue , $environment.Item002 , 
$environment.Item003 , 
DoOperation - GetItem - 2.Invoke($frame, $environment.Item004 , 2));

return null;
}

DŜƴŜǊŀǘŜŘ ŎƻŘŜ ŦƻǊ ΨōŀǊΩ
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Creating the Environment

using Environment = Tuple <IAttributeCollection , object>;

public static CodeContext CreateEnvironment ( CodeContext context,
object val ) {
Environment $environment = new Environment();
$environment.Item001 = val ;

FunctionEnvironmentDictionary <Environment> dictionary = 
new FunctionEnvironmentDictionary <Environment>($environment);

$environment.Item000 = dictionary;

return RuntimeHelpers.CreateNestedCodeContext ($context,
dictionary, true);

}


