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From full framework to tailored framework
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using System;
using Mono.CSharp;

class MyFirstCSharpInterpreter {
static void Main (string [] args)
{

object r = Evaluator.Evaluate (args [0]);
Console.WriteLine (r);

}
}
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csharp> 1;
1;
csharp> “Hello, World”.IndexOf (“,”);
5;
csharp> 1 +

> 2;
3
csharp> var a = Console.ReadLine ();



$ csharp
Mono C# Shell, type “help;” for help

Enter statements below.
csharp> using System.IO;
csharp> var last_week = DateTime.Now – TimeSpan.FromDays (7);
csharp> from f in Directory.GetFiles (“/etc”)

>   let fi = new FileInfo (f)
>   where fi.LastWriteTime < last_week
>   select f;

{ “/etc/adjtime”, “/etc/asound.state”,
“/etc/ld.so.cache”, “/etc/mtab”, 
“/etc/printcap”, “/etc/resolv.conf” }

csharp> 



csharp> LoadLibrary (“System.Xml.Linq”);
csharp> using System.Xml.Linq;
csharp> var xml = new XElement("CompilerSources",

> from f in Directory.GetFiles ("/cvs/mcs/mcs")
> let fi = new FileInfo (f)
> orderby fi.Length
> select new XElement ("file",
>     new XAttribute ("name", f),
>     new XAttribute ("size", fi.Length)));

csharp> xml;
<CompilerSources>
<file name="/cvs/mcs/mcs/mcs.exe.config" size="395" />
<file name="/cvs/mcs/mcs/gmcs.exe.config" size="464" />
<file name="/cvs/mcs/mcs/OPTIMIZE" size="498" />
<file name="/cvs/mcs/mcs/lambda.todo" size="658" />
[...]

</CompilerSources>
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Complete
C# Compiler

Mono.CSharp
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Turning the compiler into a library



Complete
C# Compiler

Mono Linker Mono.CSharp
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Avoid manual work, reusing Mono.Cecil and Mono.Linker

link.xml
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Virtual machines are fascinating
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Virtual machines are fascinating
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The Mono.Attach.VirtualMachineAPI



Consoles for everyone!



Fast, Productive, Safe.
Pick all three.
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Games are real-time programs



• User control
• Network 

events

Input

• Scripted, slow
• React to 

change
• Update scene

AI

• Render Graphics
• Play audio

Updates



Gaming's Achilles' Heel
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Moving from scripting to static/compiled
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At the core of gaming engines

UpdatePos (Vector3f [] points, ref Vector3f delta)
{

for (int i = 0; i < points.Length; i++)
points [i] += delta;

}

xi

yi

zi

+
δx

δy

δz

xi+δx

yi+δy

zi+δz

=

Vector3f static operator + (Vector3f a, Vector3f b)
{

return new Vector3f (a.x+b.x, a.y+b.y, a.z+b.z);
}



The code that does the addition

.method private static  hidebysig 
default void UpdatePos (valuetype [Mono.Simd]Mono.Simd.Vector4f[] points, valuetype 

[Mono.Simd]Mono.Simd.Vector4f& delta)  cil managed 
{

// Method begins at RVA 0x2144
// Code size 50 (0x32)
.maxstack 4
.locals init (int32 V_0)
IL_0000:  ldc.i4.0 
IL_0001:  stloc.0 
IL_0002:  br IL_0028

IL_0007:  ldarg.0 
IL_0008:  ldloc.0 
IL_0009:  ldelema [Mono.Simd]Mono.Simd.Vector4f
IL_000e:  dup 
IL_000f:  ldobj [Mono.Simd]Mono.Simd.Vector4f
IL_0014:  ldarg.1 
IL_0015:  ldobj [Mono.Simd]Mono.Simd.Vector4f
IL_001a:  call valuetype [Mono.Simd]Mono.Simd.Vector4f valuetype 

[Mono.Simd]Mono.Simd.Vector4f::op_Addition(valuetype [Mono.Simd]Mono.Simd.Vector4f, 
valuetype [Mono.Simd]Mono.Simd.Vector4f)

IL_001f:  stobj [Mono.Simd]Mono.Simd.Vector4f
IL_0024:  ldloc.0 
IL_0025:  ldc.i4.1 
IL_0026:  add 
IL_0027:  stloc.0 
IL_0028:  ldloc.0 
IL_0029:  ldarg.0 
IL_002a:  ldlen 
IL_002b:  conv.i4 
IL_002c:  blt IL_0007

IL_0031:  ret 
} // end of method X::UpdatePos



The IL implementation

// method line 24
.method public static  hidebysig  specialname 

default valuetype Mono.Simd.Vector4f op_Addition (valuetype Mono.Simd.Vector4f v1, valuetype 
Mono.Simd.Vector4f v2)  cil managed 

{
// Method begins at RVA 0x24ac
// Code size 69 (0x45)
.maxstack 7
.locals init (

valuetype Mono.Simd.Vector4f    V_0)
IL_0000:  ldloca.s 0
IL_0002:  ldarga.s 0
IL_0004:  ldfld float32 Mono.Simd.Vector4f::x
IL_0009:  ldarga.s 1
IL_000b:  ldfld float32 Mono.Simd.Vector4f::x
IL_0010:  add 
IL_0011:  ldarga.s 0
IL_0013:  ldfld float32 Mono.Simd.Vector4f::y
IL_0018:  ldarga.s 1
IL_001a:  ldfld float32 Mono.Simd.Vector4f::y
IL_001f:  add 
IL_0020:  ldarga.s 0
IL_0022:  ldfld float32 Mono.Simd.Vector4f::z
IL_0027:  ldarga.s 1
IL_0029:  ldfld float32 Mono.Simd.Vector4f::z
IL_002e:  add 
IL_002f:  ldarga.s 0
IL_0031:  ldfld float32 Mono.Simd.Vector4f::w
IL_0036:  ldarga.s 1
IL_0038:  ldfld float32 Mono.Simd.Vector4f::w
IL_003d:  add 
IL_003e:  call instance void valuetype Mono.Simd.Vector4f::'.ctor'(float32, float32, float32, float32)
IL_0043:  ldloc.0 
IL_0044:  ret 

} // end of method Vector4f::op_Addition



Generated asssembly code
00000000 <X_UpdatePos>:                                    69:   89 0c 24           mov    %ecx,(%esp)

0:   55                 push   %ebp                     6c:   8b 4d d8           mov    -0x28(%ebp),%ecx
1:   8b ec              mov    %esp,%ebp                6f:   89 4c 24 04        mov    %ecx,0x4(%esp)
3:   53                 push   %ebx                     73:   8b 4d dc           mov    -0x24(%ebp),%ecx
4:   57                 push   %edi                     76:   89 4c 24 08        mov    %ecx,0x8(%esp)
5:   56                 push   %esi                     7a:   8b 4d e0           mov    -0x20(%ebp),%ecx
6:   83 ec 38           sub    $0x38,%esp               7d:   89 4c 24 0c        mov    %ecx,0xc(%esp)
9:   8b 75 08           mov    0x8(%ebp),%esi           81:   83 ec 10           sub    $0x10,%esp
c:   8b 7d 0c           mov    0xc(%ebp),%edi           84:   8b 4d c4           mov    -0x3c(%ebp),%ecx
f:   33 db              xor    %ebx,%ebx                87:   89 0c 24           mov    %ecx,(%esp)

11:   e9 ad 00 00 00     jmp    c3 <X_UpdatePos+0xc3>    8a:   8b 4d c8           mov    -0x38(%ebp),%ecx
16:   8b c0              mov    %eax,%eax                8d:   89 4c 24 04        mov    %ecx,0x4(%esp)
18:   39 5e 0c           cmp    %ebx,0xc(%esi)           91:   8b 4d cc           mov    -0x34(%ebp),%ecx
1b:   0f 86 b5 00 00 00  jbe    d6 <X_UpdatePos+0xd6>    94:   89 4c 24 08        mov    %ecx,0x8(%esp)
21:   8b cb              mov    %ebx,%ecx                98:   8b 4d d0           mov    -0x30(%ebp),%ecx
23:   c1 e1 04           shl    $0x4,%ecx                9b:   89 4c 24 0c        mov    %ecx,0xc(%esp)
26:   8b c6              mov    %esi,%eax                9f:   50                 push   %eax
28:   03 c1              add    %ecx,%eax                a0:   e8 43 00 00 00     call   op_Addition
2a:   05 10 00 00 00     add    $0x10,%eax               a5:   83 c4 20           add    $0x20,%esp
2f:   89 45 bc           mov    %eax,-0x44(%ebp)         a8:   8b 45 bc           mov    -0x44(%ebp),%eax
32:   8b 08              mov    (%eax),%ecx              ab:   8b 4d e4           mov    -0x1c(%ebp),%ecx
34:   89 4d c4           mov    %ecx,-0x3c(%ebp)         ae:   89 08              mov    %ecx,(%eax)
37:   8b 48 04           mov    0x4(%eax),%ecx           b0:   8b 4d e8           mov    -0x18(%ebp),%ecx
3a:   89 4d c8           mov    %ecx,-0x38(%ebp)         b3:   89 48 04           mov    %ecx,0x4(%eax)
3d:   8b 48 08           mov    0x8(%eax),%ecx           b6:   8b 4d ec           mov    -0x14(%ebp),%ecx
40:   89 4d cc           mov    %ecx,-0x34(%ebp)         b9:   89 48 08           mov    %ecx,0x8(%eax)
43:   8b 40 0c           mov    0xc(%eax),%eax           bc:   8b 4d f0           mov    -0x10(%ebp),%ecx
46:   89 45 d0           mov    %eax,-0x30(%ebp)         bf:   89 48 0c           mov    %ecx,0xc(%eax)
49:   8b 07              mov    (%edi),%eax              c2:   43                 inc    %ebx
4b:   89 45 d4           mov    %eax,-0x2c(%ebp)         c3:   8b 46 0c           mov    0xc(%esi),%eax
4e:   8b 47 04           mov    0x4(%edi),%eax           c6:   3b d8              cmp    %eax,%ebx
51:   89 45 d8           mov    %eax,-0x28(%ebp)         c8:   0f 8c 4a ff ff ff  jl     18 <X_UpdatePos+0x18>
54:   8b 47 08           mov    0x8(%edi),%eax           ce:   8d 65 f4           lea    -0xc(%ebp),%esp
57:   89 45 dc           mov    %eax,-0x24(%ebp)         d1:   5e                 pop    %esi
5a:   8b 47 0c           mov    0xc(%edi),%eax           d2:   5f                 pop    %edi
5d:   89 45 e0           mov    %eax,-0x20(%ebp)         d3:   5b                 pop    %ebx
60:   8d 45 e4           lea    -0x1c(%ebp),%eax         d4:   c9                 leave
63:   83 ec 10           sub    $0x10,%esp               d5:   c3                 ret

66:   8b 4d d4           mov    -0x2c(%ebp),%ecx
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SIMD aware runtime

• pos += deltaC#
•call [Mono.Simd]Mono.Simd.Vector4f::op_Addition(

valuetype [Mono.Simd]Mono.Simd.Vector4f, 
valuetype [Mono.Simd]Mono.Simd.Vector4f)IL

• movups (%eax),%xmm0

• movups (%edi),%xmm1

• addps %xmm1,%xmm0

• movups %xmm0,(%eax)
x86

Detect
SIMD
use



00000000 <X_UpdatePos>:
0:   55                      push   %ebp
1:   8b ec                   mov    %esp,%ebp
3:   53                      push   %ebx
4:   57                      push   %edi
5:   56                      push   %esi
6:   83 ec 04                sub    $0x4,%esp
9:   8b 75 08                mov    0x8(%ebp),%esi
c:   8b 7d 0c                mov    0xc(%ebp),%edi
f:   33 db                   xor    %ebx,%ebx

11:   eb 29                   jmp    3c <X_UpdatePos+0x3c>
13:   8d 64 24 00             lea    0x0(%esp),%esp
17:   90                      nop
18:   39 5e 0c                cmp    %ebx,0xc(%esi)
1b:   0f 86 2a 00 00 00       jbe    4b <X_UpdatePos+0x4b>
21:   8b cb                   mov    %ebx,%ecx
23:   c1 e1 04                shl    $0x4,%ecx
26:   8b c6                   mov    %esi,%eax
28:   03 c1                   add    %ecx,%eax
2a:   05 10 00 00 00          add    $0x10,%eax
2f:   0f 10 00                movups (%eax),%xmm0
32:   0f 10 0f                movups (%edi),%xmm1
35:   0f 58 c1                addps  %xmm1,%xmm0
38:   0f 11 00                movups %xmm0,(%eax)
3b:   43                      inc    %ebx
3c:   8b 46 0c                mov    0xc(%esi),%eax
3f:   3b d8                   cmp    %eax,%ebx
41:   7c d5                   jl     18 <X_UpdatePos+0x18>
43:   8d 65 f4                lea    -0xc(%ebp),%esp
46:   5e                      pop    %esi
47:   5f                      pop    %edi
48:   5b                      pop    %ebx
49:   c9                      leave
4a:   c3                      ret



Developer created tests



Physics simulations, no optimizations

Based on the C++ simulation code at 
sharp-gamedev.blogspot.com/2008/09/updated-c-version.html
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Batch compilation of CIL/.NET code
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Entirely static compilation of CIL/.NET code
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Much more



 http://www.mono-project.com
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 http://www.mono-project.com/Start



 http://www.go-mono.com/monologue



 http://tirania.org/blog
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