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Metaprogrammming



“Metaprogramming is the writing of
computer programs that write or
manipulate other programs (or
themselves) as their data, or that do
part of the work at compile time
that would otherwise be done at
runtime.”



Languages/ Compiletime

what this talk is not about



programs as data
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# C:\Program Files (x86)\Mono-2.6.7\lib\mono\2.0\System.Core.dIl - IL DASM

File View Help

B . System.Ling.Expressions

EE ‘ System.Ling.Expressions.BinaryExpression

8- ‘ System.Ling.Expressions.CompilationContext

-~ P .class private auto ansi beforefieldinit

& JJE HoistedvariableDetector

;B t ParameterReplacer

¢y globals : private class [mscorlib]System.Collections.Generic.List™ 1 <object >

¢y hoisted_map : private class [mscorlib]System. Collections.Generic.Dictionary * 2 <class System.Ling.Expressions.LambdaExpression, class
-y units : private class [mscorlib]System.Collections. Generic.List ™ 1 <class System.Ling.Expressions.EmitContext >

-l .ctor ¢ void()

-l AddCompilationUnit : int32(class System.Ling.Expressions.EmitContext,class System.Ling.Expressions.LambdaExpression)

-l AddCompilationUnit : int32(class System.Ling.Expressions.LambdaExpression)

-l AddGlobal : int32{object)

- @) AddItemTolList : int32 <T={!!T,class [mscorlib]System.Collections.Generic. IList™ 1 <11T =)

-l CreateDelegate : class [mscorlib]System.Delegate()

-l CreateDelegate : class [mscorlib]System.Delegate(int32, class System.Runtime. CompilerServices.ExecutionScope)

-l CreateHoistedLocals : object[]{int32)

-l DetectHoistedvariables : void(class System.Ling.Expressions.LambdaExpression)

-l GetGlobals : object[]()

-] GetHoistedLocals : class [mscorlib]System. Collections. Generic.List ™ 1 <class System.Ling.Expressions.ParameterExpression>(class Syste
-l IsolateExpression : class System.Ling.Expressions.Expression(class System.Runtime. CompilerServices.ExecutionScope, object[], class S

Bl System.Ling.Expressions. ConditionalExpression
Bl System.Ling.Expressions.ConstantExpression
Bl System.Ling.Expressions.ElementInit

B‘ System.Ling.Expressions.EmitContext

B‘ System.Ling.Expressions.Expression

B‘ System.Ling.Expressions.ExpressionPrinter
B‘ System.Ling.Expressions.ExpressionTransformer
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)7 C:\Program Files (x86)\Mono-2.6.7\lib\mono\2.0\System.Core.dll - IL DASM

File View Help

E!. System.Ling.Expressions

7 Headers

Eind Find Next

————— COFF/PE Headers:
Signature:

————— COFF Header:
Machine:

Number of sections:
Time-date stamp:

Ptr to symbol table:
Number of symbols:

Size of optional header:
Characteristics:

Magic:

Major linker version:
Minor linker version:
Size of code:

Size of init.data:
Size of uninit.data:
Addr. of entry point:
Base of code:

Base of data:

Image base:

Section alignment:
Filo alianmant =

02000804550

0x014c
0x 0003
Ox4c3eBlef
0x 060000000
0x 060000000
0x00e0
0x210e

————— PE Optional Header (32 bit):

8x6106b

0x 06

0x 00

0x 00049400
0x 000008400
0x 000008000
0x 00002000
0x00002000
0x0004cO00
0x 004008000

0x 00002000
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f C:\Program Files (x86)\Mono-2.6.7\lib\mono\2.0\System.Core.dll - IL DASM

o | B

File View Help

‘ \

- System.Ling.Expressions
- &-JJE System.Ling.Expressions.BinaryExpression
- .

7 Metalnfo

1:0000,
1:0000,
1:0000,
1:0000,
1:0000,
1:0000,
1:0000,
1:0000,
1:0000,
1:0000,
1:0000,
1:0000,

4 - nDnoo

cRecs: 1987(0x7c3), cbRec: 14{0xXe), cbTable: 27818(6

- 0,
-y,

cbCol:4, ULONG

cbCol:2, USHORT L
cbCol:2, USHORT

cbCol:2, string

cbCol:2, blob

cbCol:2, Param

2:1886, 3:string#ib, 4:blob#1, 5:Param[8000001]
2:1883, 3:stringi#1b, 4:blob#19d, 5:Param[80066661]
2:0086, 3:string#20618, 4:blob#i94, 5:Param[80660863]
2:1883, 3:string#1b, 4:blob#3125, 5:Param[8066603]
2:0886, 3:string#36d2, 4:blob#3134, S5:Param[8600006]
2:0886, 3:string#36db, 4:blob#3139, S5:Param[8600006]
2:0081, 3:string#36ea, 4:blob#3143, 5:Param[8000666]
2:00c3, 3:string#632, 4:blob#3143, 5:Param[8000007]
2:0083, 3:string#36fd, 4:blob#3143, 5:Param[8000008]
2:0083, 3:string#3706, 4:blob#2a, 5:Param[8000009]
2:0086, 3:string#20618, 4:blob#314a, S:Param[86600009]
2:1884, 3:string#1b, 4:blob#31b8, 5:Param[8066609] AL
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Find Find Next

6(0x6): HMethod
col 6: RUA
col : ImplFlags
col : Flags
col 3: HName
col : Signature
col :  ParanList
1 == 0:0000820ec,
2 == 0:000020f4,
3 == 0:000021068,
4 == 0:00002118,
5 == 0:00002134,
6 == 0:00008213c,
7 == 0:00002144,
8 == 0:000021989,
9 == 0:000808219c,
a == 0:000021c4,
b == 0:000021d8,
c == 0:08000821fc,
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# C:A\Program Files (x86)\Mono-2.6.7\lib\mono\2.0\System.Core.dll - IL DASM I o B X ‘

File View Help

B. Svystem,Ling, Expressions -~

; System.Ling.Expressions.CompilationContext::IsolateExpression : class System.Linq.Expressio...@M

Find Find Next F

|.method public hidebysig instance class System.Linq.Expressions.Expression
IsolateExpression{class System.Runtime.CompilerServices.ExecutionScop
object[] locals,
class System.Linq.Expressions.Expression expression| |ngExpressions.li
{ . s EmitContext>
// Code size 15 {(6xf)
-maxstack 8
IL_66688: 1ldarg.8
IL_0061: 1darg.1
IL_8662: 1darg.2
IL_0868683: newobj instance void System.Linq.Expressions.CompilationConte

m

Essions.LambdaE>

bs.ExecutionScope

IL_6868: 1ldarg.3
IL_0009: callvirt instance class System.Ling.Expressions.Expression Syst
IL_80868e: vret
¥y /7 end of method CompilationContext::IsolateExpression sions.ParameterE
ervices,Executior
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& Red Gate's .NET Reflector =6

File View Tools Help

vole@l* Pl A
@ {} System.Ling Expressions ~ [Disassembler

%4 BinaryExpression

public Expression IsolateExpression(ExecutionScope scope, object[] locals, Expression expn 0

2 &3 CompilationContext {
¥) Base Types return new ParameterReplacer(this, scope, locals). Transform(expression);
(M Derived Types }

ﬁz HoistedVariableDetector
ﬁz ParameterReplacer
i .ctor()
@ AddCompilationUnit(LambdaExpression) : Int32
@ AddCompilationUnit(EmitContext, LambdaExpressior
@ AddGlobal(Object) : Int32
&89 AddltemToList<T> (T, IList<T>) : Int32
@ CreateDelegate() : Delegate
@ CreateDelegate(Int32, ExecutionScope) : Delegate
- CreateHoistedLocals(Int32) : Object(]

.E° NetartaictadV/arishlacll armhdsEvnraccian) « VAid
< 1 | »

public Expression IsolateExpression(ExecutionScope scope, object| I
Declaring Type: System.Linq.Expressions.CompilationContext

Assembly: System.Core, Version=3.5.0.0
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sy Step through this assembly in the Visual - -
1 E

‘2) Studio debugger using .NET Reflector Pro e iCaddin < m »
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System.Reflection



System.Reflection

* Object.GetType ()
* Type.GetTypeFromHandle {...)

* MethodBody.GetILAsByteArray ()



Mono.Reflection

lightweight reflection helper



Mono.Reflection

Runtime IL disassembler
L pattern matching

Property backing field



Mono.Cecil

Swiss Army Knife for assemblies



Cross Platform

Mono

.net>=2.0
CompactFramework >= 2
Silverlight >=2

WP7



Why

Complete metadata access

No AppDomain bloating

Collectible data

No tie to a specific mscorlib.dll
Ability to modify existing assemblies



Why not

e System.Reflection.Emit’s
— AssemblyBuilderAccess.Run
— AssemblyBuilderAccess.RunAndCollect



The strong name problem



Similar projects

* Microsoft’'s CCl
* [KVM.Reflection[.Emit]



usage



- @nikhilk
Nikhil Kothari

Said it before, will say it again: Mono Cecil
simply rocks. It should have been in the

framework. http://bit.ly/cpKhWS Thanks
@jbevain

6 Sep via MetroTwit Unfavorite 3 Retweet 4 Reply

achievement



a glimpse at the future



Milo

A level higher



links

http://twitter.com/jbevain
http://evain.net/blog

http://github.com/jbevain/cecil
nttp://groups.google.com/group/mono-cecil

nttp://github.com/jbevain/mono.reflection



guestions ?



