I dheKkTnBHOE
ncnonb3oBaHne Dynamic
Language Runtime

KapneH CUMOHSIH
pa3paboTynk



O 4yeM Mbl NOroBOPUM

* DLR kak nnardgopma — 3a4em?
- InHamnam B .NET BYepa, cerogHs, 3aBTpa

- [lpogomkute pan: lronPython, lronRuby, [ronC#?
» C# matters
* DLR Inside Out

* Yanbl BbI30BOB aka callsites, PIC, kawmpoBaHue, Nnpon3BoanUTENbLHOCTb
n gonosiHuTenbHble 3aTpartbl namsatu, CPU, etc.

* DLR in the wild
* Infinite loop



DLR kak nnatgopma — Timeline

- 2004
* OTCYTCTBYIOT NMyOrM4yHoO BbiNyLWEHHbIE AnHaMu4veckue a3bikm ana .NET
- 1o CLR 2.0 ewse gBa rona

- Jim Hugunin npucoeanHaetcs k Microsoft (oyay4dmn asTopom Jython n
y>Xe paspabatbiBas lronPython)

- Ha koHdepeHumn OSCon 2004 nokaskiBaetcs lronPython 0.6
- 2007

- Ha koHdepeHunn MIX'07 nokasbiBaetcs IronPython 1.0, aHoHCcKnpyeTca
lIronRuby ¢ BbiIxogamu nepsbix anbda-sepcumn B 2008

- Bnepsble BBoanTcsa noHaTMe Dynamic Language Runtime



DLR kak nnatgopma — Timeline

- 2008 - 2011 - 2014
- DLR v0.9 * IronPython 2.7
* IronPython 2.0 * IronRuby 1.1
- [1Be anbda sBepcuu IronRuby - lNopoepxka .NET 4.0+
- 2009 - Bo3moxHoCTM paHTauma u
. IronPython 2.6 ch)rnoreHepaumm B coctaBe .NET

* IronRuby 0.9. BO3MOXXHOCTb
3anycka HekoTopbiX Rails-
NPUNOXEHNN

- 2010

- C#4

- DLR v1.0

- .NET 4



DLR kak nnatgopma

- HoBbit DLR gobasnsaet BaxkHbIn Habop Bo3amoxxHocTen B .NET, MuHy4
nameHeHunsa B CLR

- CTaHOapTHYO0 Modesib XOCTUHra Anst AMHaMmnYecKknx A3biKoB
- IHQopacTpyKTypy Ans reHepaumn bbicmpo20o koga

- NET 3.5+ yxe BkntovaeT B coctaB System.Ling.Expressions — ocHoBy
LINQ n kogoreHepaunn DLR



[Tlpooorxkute pag: lronPython, IronRuby,
lronC#?

- HecMoOTp4a Ha pacTyLlee KonmyecTso AMHamMudecknx a3oikoB Ha .NET,
9BOSMOLUMIO ANHAMU3MA NMPOJOITKNUN UMEHHO C#

- C# 4 aBnsieTca npssMbIM NMPoaoSHKEHUEM pa3BUTUSA TeMbI Iron-a3bIKOB,
cobpaB B cBOMCTBax cBoero dynamic - BoaMmoxHoctu DLR
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C# Matters — Inside dynamic keyword

- Kaxkagbi dynamic napameTtp/nepeMeHHas aBnsietcsa System.0Object

- JlloOble onepauun, cBsA3aHHbIE C UCMOMNb30OBAHMEM KI1OYEBOIo crnosa
dynamic conpoBoXaarTcsa Ucnonb3oBaHMEM Yy3roB BbI3OBOB aka callsites.
- Callsite BbicTynaet B KadecTBe:

- Getter/Setter ans:
- Fields
- Properties
 Indexers

- Method/Delegate invoker
* YHapHoW/6nHapHoU onepaunm
- Onepauumn KoHBepTaunn/npuBegeHNs TUNOB




C# Matters — dynamic Operation Compilation

dynamic d = 100

o o

d++;

CallSite
object |[d = 100
object arg = d;
if dPPogPam.<dynamicMethod>o SiteContainerd.<>p Sitee|== null)
{
Program.<dynamicMethod>o_SiteContainerd.<>p_ Sitee = tallSite<Func<Ca1151te, object, object>>.Create¢
Binder.UnaryOperation(CSharpBinderFlags.None, ExpressionType.Increment, typeof(Program),
new CSharpArgumentInfol ]
{
CSharpArgumentInfo.Create(CSharpArgumentInfoFlags.None, null)
1))
}

d = Program.<dynamicMethod>o__SiteContainerd.
<>p__Sitee.Target(Program.<dynamicMethod>o SiteContainerd.<>p Sitee, arg)}




C# Matters — Purpose of Callsites

- Callsite obecneunBaeT guHaMUYeECKyO0 gucneTyepmnsaunto MeETOO0B
- Kaxxgbinn callsite aBnaetca camoobyyaembim

- DLR cam no cebe peannayeT MHOroypOBHEBbLIW K3l A9 TUNOB OOBLEKTOB
MO OTHOLLEHUIO K KOTOPbIM MPON3BOAUT ornepawmio

- CywecTtByeT 2 peanusauuu kawa: ansa lron-aseikoB n C#
- Ho 060 Bcem no nopsagky ©



C# Matters - Semantics

- [lncnetyepunsaumna METOOOB C UCMNOSib3oBaHNeM callsite coxpaHseT
ceMaHTuKy komnunaTtopa C# ans paspelleHnst KOHIMMKTOB NPU BbI30BE
METOoa, a TaKkke Bblbope neperpys3ok Metoga, YTO O3HaAYaer:

- Bo3moxHocTb paboTbl ¢ optional/default napameTpamu

- lNopaepxKy ncnonbdoBaHua implicit conversion operator pns nepenaHHbIX
napameTpoB

- Cneuuwanusauunsa generic-Memodo8 NpoucxoauT BO BPEMS UCMONHEHUS, a He
KOMMUISLUUM

- Vlcnonb3oBaHue npaBu’l SIBHOW, HEABHOM KOHBEPTaAUNN On4d YNCITOBbIX TUIMOB

- Ia-pa, InvalidCastException nmeet mecto 6bITb



DLR Inside Out - Goals

* “Py4yHoe” ncnono3osaHne DLR APl gaet Ham BO3MOXHOCTb:

- 3ameHnTb ncnonb3oBaHue Reflection Ha bonee 6bicTpbi API (cpaBHeHMe
NpOon3BOAUTENBLHOCTU N OTBET Ha BOMpPOC “novyemy” byaet narnee)

- lNepecTtatb nonb3oBatbcsa Reflection emit ons coszgaHns o06epTokK M T.M., YTO AAET HAM
nerkonoanepXxuBaembil U YUTAaEMbIN KO,

* Jlydwie NOHATBL N 3HATb CBON MHCTPYMEHT



DLR Inside Out - Infrastructure of dynamic

- Komnunsatop u cpega NcrnonHeHns NCMonb3yoT crieaytoLmne coopku u
NpocTpaHCcTBa MMeH Ans UHAPACTPYKTYpbI:

- System.Dynamic (System.Core.dll)
- System.Ling.Expressions (System.Core.dll)

- System.Runtime.CompilerServices (mscorlib.dll)
* Microsoft.CSharp (Microsoft.CSharp.dll)



DLR Inside Out — CallSite<T> compile-time

o o

dynamic d = 100

d++;

CallSite
object |[d = 100;
object arg = d;
if (Program.<dynamicMethod>o SiteContainerd.<>p Sitee|== null)
{
Program.<dynamicMethod>o_SiteContainerd.<>p_ Sitee = tallSite<Func<Ca1151te, object, object>>.Create¢
Binder.UnaryOperation(CSharpBinderFlags.None, ExpressionType.Increment, typeof(Program),
new CSharpArgumentInfol]
{
CSharpArgumentInfo.Create(CSharpArgumentInfoFlags.None, null)
1)s
}

d = Program.<dynamicMethod>o__SiteContainerd.
<>p__Sitee.Target(Program.<dynamicMethod>o SiteContainerd.<>p Sitee, arg)}




DLR Inside Out — CallSite<T>

namespace System.Runtime.CompilerServices.CallSite

{

public sealed class

{

public T Target;

J

public T Update

<T> : CallSite where T : class

{ get; }

public static CallSite<T>| Create(CallSiteBinder binder);




DLR Inside Out — Callsite’s Life Cycle

Kaxabin callsite
asnAeTca

CTaTU4eCKMMM nojiem

Co3paaHue c “neHunsoi”
y3na MHULUMaNn3aumen




DLR Inside Out — Callsite’s Life Cycle

Kaxkapin callsite
Komnunatop C#

ABNAETCA
CcTapaeTca nepeaaTb
CTaTN4YeCKUM MnoJjiem
DLR makcumanbHoe “ < 5
Co3paHue C “neHunsomn
KOJ/1-BO MeTadadHHbIX .
y3j'|a MHNUUNaNn3aunen

[eHepaumAa
Koaa



DLR Inside Out — Callsite’s Life Cycle

Kaxkabin callsite
Komnunatop C# -

ABNAeTcA
CTapaeTtca nepeaaTb
CTaTUYECKMM NOJSIEM
DLR makcumanbHoe « 1
Co3pgaHune C “NeHnBown
KON-BO MeTaJaHHbIX .
y3na UHUUMaNmn3aumen

[eHepaumAa
Koaa

Bbi3zoB



DLR Inside Out — Callsite’s Life Cycle

Kaxkapin callsite

Komnunatop C#
AsnAeTcA

cTapaeTca nepeaaTb

CTaTU4eCKMMM nojiem

Co3pgaHune c “neHnson”
y3na MHULUMaNn3aumen

DLR makcumanbHoe
KON-BO MeTaJaHHbIX

[eHepaumAa

KoAa
MoBTOpHaA reHepauus

y3/1a Npn UsmeHeHnu

onepaHaoB

Bbi3zoB




DLR Inside Out — Callsite generation process

Metadata analyzer Code generator

e POCO e Reflection e Cache

e COM o CH e Expression policy
compiler’s Tree e Delegate
metadata

Expressions

semantic analyzer CallSite

CallSite compiler



DLR Inside Out — PIC

- DLR peanuayet nspectHyto texHuky PIC, ncnonssyemyto B Google V8,
JavaScriptCore, Self VM, Oracle HotSpot VM

- Polymorphic. ¥Y3en Bbi3oBa MOXeT UMETb HECKONbKO COCTOAHUNU, UCXOOsA U3
TUNOB OOBLEKTOB, UCMOSb3YEMbIX B AUHAMMNYECKOW ornepaunm

* |Inline. 2)KnsHeHHbIN LUKKN 3k3emnnapa knacca CallSite npoxoant MMeHHO B
MEeCTe caMoro Bbl30Ba

- Cache. PaboTta ocHoBaHa Ha nepencnornb30BaHNN CreHePUPOBAHHOIO
Kofa bnarogapss MHOroypoBHEBOMY KLUy



DLR Inside Out — Cache

Level 2

Used by all callsites Level 1

Adaptive cache Method'’s signature-

method signature based cache Leve I O

64-128 callsites per Up to 10 cached Context Type Operation type

operation type and callsites
signature



DLR Inside Out — Monomorphic Performance

Operations performance 1 min. calls (in ms)
(lower — better)

400
354,27
350

300
252,98
250 231,05

200

158,7 157,7

150
100

50 25,85 30,13

25,96
1538 16,46 2%

039 2,62 043 237 043 ’ /
0 ' r R |

Direct Dynamic Reflection

Property getter Property setter M Field getter M Field setter B Method invoke



DLR Inside Out — Polymorphic Performance

140
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DLR Inside Out — Field/Property getter

CallSite<Func<CallSite, object, object>>.Create(

Binder.GetMember(CSharpBinderFlags.None,

"PropertyName", typeof (Context)

A

new CSharpArgumentInfol ]

{
// CSharpArgumentInfo
// represents object instance
CSharpArgumentInfo.Create(
CSharpArgumentInfoFlags.None, null)
})

)5



DLR Inside Out — Field/Property setter

CallSite<Func<CallSite, object, object, object>>.Create(

Binder.

SetMember

(CSharpBinderFlags.None,

"PropertyName”|,

typeof (Context)

A

new CSharpArgumentInfol ]

{

)
)5

CSharpArgumentInfo.Create(

CSharpArgumentInfoFlags.None, null),

CSharpArgumentInfo.Create(

CSharpArgumentInfoFlags.None, null)



DLR Inside Out — Indexer getter

CallSite<Func<CallSite, object, object, object>>

.Create(

Binder.GetIndex(CSharpBinderFlags.None,

"PropertyName"”

J

typeof (Context)

A

new CSharpArgumentInfol ]

{

CSharpArgumentInfo.Create(

CSharpArgumentInfoFlags.None, null),

CSharpArgumentInfo.Create(

CSharpArgumentInfoFlags.None, null)

)
)5



DLR Inside Out — Indexer setter

CallSite<Func<CallSite, object, object, object, object>>

Binder.

SetIndex

(CSharpBinderFlags.None,

"PropertyName”|,

typeof (Context)

A

new CSharpArgumentInfol ]

{

)
)5

// three CSharpArgumentInfo

// instance[index]

value

.Create(



DLR Inside Out — Method invocation

CallSite<Action<CallSite, object...[optional args]>>.Create(

Binder.InvokeMember (CSharpBinderFlags.ResultDiscarded,
"MethodName"|, null, |typeof (Context)
new CSharpArgumentInfol ]

-

{
CSharpArgumentInfo.Create(
CSharpArgumentInfoFlags.None, null),
[optional, args] CSharpArgumentInfo.Create(
CSharpArgumentInfoFlags.None, null)
})

)5



DLR Inside Out — Boxing/Unboxing

- CallSite<Action<CallSite, object...[optional args]>>.Create() moxert
npuHUMaTb Ha “Bxoa” Kak Action<...>, Tak n Func<...>

+ Generic-napametpamu Action<...>n Func<...> moryT 6bITb Ntobbie TUMbI,
KOTOPble KOMMUNATOP CMOXET BbIBECTU €LLEe Ha 3Tarne KoMNunauun,
bnarogapst YyeMy BMecTo, Hanpumep, Action<object, object, object> Mbl
voxem nony4nts Action<int, DateTime, string>, 4TO NO3BONUT N3b0eXaTb
NULLHEN YNaKoBKK

- Ecnn He yoaeTtca BbIBECTU TUNMbI NapaMeTpoB onepaunm (YTo Becbma
ManoBeposaATHO), To npousonaert fallback k Action<object, object, object>,
Hanpumep.




DLR in the wild — C# dynamic Usage Goals

* Vicnonb3oBaHue C# dynamic gaet HamMm BO3MOXXHOCTb:
y B3aI/IMO,EI,el7ICTBOBaTb C ANHaMN4YeCKNMUN A3blKaMU
* Ynpoctutb COM-interop

* [NpunBHecTM HOoBbIE NaTTepHbl B Mup C# (#eroAb3eBats 3aMeHnTb double dispatch Ha
adopekTnBHbIN multiple dispatch)

* YNpOoCTUTb Uepapxuto Knaccos
* YMEHbLNTb UMNepPaTUBHbIN Koa



DLR in the wild —Direct APl Usage Goals

* “Py4yHoe” ncnonwo3osaHne DLR APl gaet Ham BO3MOXHOCTb:
- 3ameHnTb ncnornb3oBaHue Reflection Ha 6onee 6oicTphIn API

- [NepecTtaTtb nonb3oBatbcs Reflection emit ans codgaHns 06epTokK M T.M., YTO AAET HaAM
nerkonoaaepXxuBaembi U YMTAaeMbIN KO



DLR in the wild — Example (Multiple Dispatch
pattern with C# dynamic)

YILE ) Microsoft.Practices.Enterpriselibrary.ExceptionHandling
b {} Microsoft.Practices.EnterpriseLibrary.Common.Configuration

- 3ameHunm Exception Handling Block

6”6””01-6'(” Enterprlse L|brary Ha b ()} M?crosoft.Pract?ces.Enterpr?seL?brary.Common.Configuration
COBCTBEHHbIN € oMol C# dynamic n ") % eaptontormatte | espentiandine

#3 ExceptionHandlingException
#3 ExceptionManager
#3 ExceptionPolicy
%3 ExceptionPolicyDefinition
%3 ExceptionPolicyEntry
%3 ExceptionPolicyFactory
#3 ExceptionUtility
*0 |ExceptionHandler
= PostHandlingAction
“3 ReplaceHandler
¥y TextExceptionFormatter
¥ WrapHandler
b ¥z XmlExceptionFormatter
b {} Microsoft.Practices.Enterpriselibrary.ExceptionHandling.Conf
b {} Microsoft.Practices.EnterpriseLibrary.ExceptionHandling.Prop

natTepHa multiple dispatch

P
P
* OCHOBHbIMU NPUMUTUBAMW A1 0OPabOTKK ‘;
UcKroYeHu B Enterprise Library asnsaTca: b

L] I [>
ExceptionManager :

P

P

P

P

P

- |[ExceptionPolicyDefinition
- |[ExceptionPolicyEntry
- |ExceptionHandler




Enterprise Library — Pros/Cons

* Pros:

- Enterprise Library npegoctaBnsiet npunoXxeHmnam noboro tmna pyHKUnoHarn
opraHmsauum eguHon cxembl 06paboTkn nckntoveHnn. (MNpumevaHue: HanncaHue
cobcTtBeHHoro pipeline a-nss ASP.NET & co. TpebyeT MHOro ycunum u 3aTtpart, 4To He

BCerga ornpasaaHo)

- Cons:

- Hactponka 6noka obpaboTkm UCKNoYeHUn TpebyeT OTHOCUTENBHO BOMNbLLLOro
KonuyecTtBa koda ansa setup

- KonunyecTtso policy, handler n 1.n. cywHocTen pacTteT NnponopLmoHaribHO KONM4ecTBy
NCMOJSIb3YEMbIX TUMNOB UCKITHOYEHNU



Enterprise Library — Typical code for exception

handling

var policies = new List<ExceptionPolicyDefinition>();
var myTestExceptionPolicy = new List<ExceptionPolicyEntry>

{
{
new ExceptionPolicyEntry(typeof (InvalidCastException), PostHandlingAction.NotifyRethrow,
new IExceptionHandler[] {new LoggingExceptionHandler(...),})
}s
{
new ExceptionPolicyEntry(typeof (Exception), PostHandlingAction.NotifyRethrow,
new IExceptionHandler[] {new ReplaceHandler(...)})
}
}s

policies.Add(new ExceptionPolicyDefinition("MyTestExceptionPolicy", myTestExceptionPolicy));
ExceptionManager manager = new ExceptionManager(policies);

try
{
// code to throw exception
}
catch (Exception e)
{

Imanager.HandleException/(e, "Exception Policy Name");
} —

Really??



Enterprise Library - |[ExceptionHandler

namespace Microsoft.Practices.EnterpriselLibrary.ExceptionHandling

{

public interface IExceptionHandler

{

Exception HandleException/(Exception ex,
Guid handlingInstancelD);




Enterprise Library - ExceptionPolicyDefinition

private ExceptionPolicyEntry FindExceptionPolicyEntry(Type exceptionType)

{
ExceptionPolicyEntry policyEntry = null;

while (lexceptionType != typeof(object)])

{
policyEntry = this.GetPolicyEntry(exceptionType);
if (policyEntry != null)
{
return policyEntry;
}
exceptionType = |exceptionType.BaseType!
}

return policyEntry;



Enterprise Library - ExceptionPolicyEntry

public bool Handle(Exception e

xceptionToHandle)

{

if (exceptionToHandle == n

{

ull)

throw new ArgumentNullException("exceptionToHandle");

}
Guid handlingInstancelD =

Exception chainException =
handlingInstancelD);

Guid.NewGuid();

this.ExecuteHandlerChain

exceptionToHandle

return this.RethrowRecomme

nded(chainException, exceptionToHandle);




Enterprise Library - ExceptionPolicyEntry

private Exception ExecuteHandlerChain(Exception ex, Guid handlingInstanceID)

{

string name = string.Empty;

try
{
foreach (IExceptionHandler handler in this.handlers)
{
name = handler.GetType().Name;
ex =| handler.HandleException(ex, handlingInstanceID);
}
}
catch (Exception exception)
{
// rest of implementation
}
return ex;



DLR in the wild — Own Custom Exception

handler interfaces

public interface IExceptionHandler

{

void HandleException<T>(T exception) where T :

public interface IExceptionHandler<T>

{

void Handle(T exception);

Exception;

where T :

Exception




DLR in the wild — Own Custom Exception
handler implementation

public class DefaultExceptionHandler :|IExceptionHandlerL ﬁExceptionHandler<Exception>|

{

public void|Hand1eException<T>kT exception) where T : Exception

{
var handler = fthis as IExceptionHandler<T>}
) public class|FileSystemExceptionHandleP|:
if (handler != null) :
DefaultExceptionHandler,
handler.Handle(exception)|; g
else TExceptionHandler<IOException>,
this.Handle(exception as dynamic);
} IExceptionHandler<FileNotFoundException>
. . : : {
?Ubllc void HEHH!E Exception exception) public void Handle(hOException exceptionb
— {
} |OnFallback(except10n)L // rest of implementation
protected virtual void OnFallback(Exception exception)
{
|// rest of implementation|
}



DLR in the wild — Custom Exception handler
usage

ILExceptionHandler| defaultHandler = new [FileSystemExceptionHandler();

defaultHandler.HandleException(new [OException()); // Handle(IOException) overload

defaultHandler.HandleException(new FileNotFoundException()); // Handle(IOException) overload

defaultHandler.HandleException(new FormatException()); // Handle(Exception) => OnFallback




DLR in the wild — Example (Reflection method
invoke vs CallSite API)

- CpaBHMUM BO3MOXXHOCTU BbI30Ba MeToaa ¢ nomoulbto Reflection n c
nomoubto CallSite API

- static-meTonos
« instance-meTOO0B
- Co3pnaHue generaTtoB Ha METOAObI

* [NpmeHnm YyactnyHoe npumeHeHne dyHkUuM (6e3 TaBTonormm Hnkak ©)



DLR in the wild — Delegate using Reflection
(Static methods)

public static T CreateStaticMethodDelegate<T>(ktring methodNameb where T : class
{

MethodInfo targetMethodInfo = kypeof(Calc)LGetMethod(methodName,

BindingFlags.Static | BindingFlags.Public, private static Type[] GetTypeParameters(Type delegateType)

null {
’ return delegateType.GetMethod("Invoke")

|GetTypeParameters(typeof(T))L .GetParameters()
null); \j .Select(x => x.ParameterType)

.ToArray();
}

T target = (T) (object) Delegate.CreateDelegate(typeof(T), targetMethodInfo);

return target;



DLR in the wild — CallSite Delegate
(Static methods)

public static CallSite<T»> CreateDynamicStaticMethodDelegate<T>(Etring methodNamei where T : class

{

return CallSite<T>.Create(Binder.InvokeMember(CSharpBinderFlags.None,
methodName,
null,

typeof (Program),
betCSharpArgumentInfos(typeof(T), true)b);




DLR in the wild — Reflection vs. CallSite Usage
(Static methods)

class Program

{

static void Main(string[] args)

{
Func<int, int, int> addDelegate = [CreateStaticMethodDelegate<Func<int, int, int>>("Sum")}
Console.WritelLine("Static delegate: {0}", addDelegate(2, 2));
var addCallSite =|CreateDynamicStaticMethodDelegate<Func<Callsite, object, int, int, object>>("Sum")k
Console.WriteLine("Static callsite: {0}", [addCallSite.Target(addCallSite, typeof(Calc), 4, 4));
addDelegate = ka, b) => (int) addCallSite.Target(addCallSite, typeof (Calc), a, b)}
Console.WriteLine("Partial applied delegate with callsite: {©}", bddDelegate(S, S)D;
// Static delegate: 4
// Static callsite: 8
// Partial applied delegate with callsite: 10

}



DLR in the wild — Delegate using Reflection
(Instance methods)

public static T CreateInstanceMethodDelegate<T>(ktring methodNamel bbject instance} where T : class

{

MethodInfo targetMethodInfo = kypeof(Calc)LGetMethod(methodName,
BindingFlags.Instance | BindingFlags.Public, private static Type[] GetTypeParameters(Type delegateType)

null {
’ return delegateType.GetMethod("Invoke")
|GetTypeParameters(typeof (T)b, .GetParameters()
null); \j .Select(x => x.ParameterType)
.ToArray();
}

T target = (T)(object)Delegate.CreateDelegate(typeof(T), targetMethodInfo);

return target;



DLR in the wild — CallSite Delegate
(Instance methods)

public static CallSite<T> CreateDynamicInstanceMethodDelegate<T>(lstring methodName) where T : class

{

return CallSite<T>.Create(Binder.InvokeMember(CSharpBinderFlags.None,
methodName,
null,

typeof (Program),
betCSharpArgumentInfos(typeof (T), false)b);




DLR in the wild — Reflection vs. CallSite Usage
(Instance methods)

class Program

{

static void Main(string[] args)

{

var calc = new Calc();

Func<int, int, int> addDelegate =|CreateInstanceMethodDelegate<Func<int, int, int>>("Add", calc)k
Console.WriteLine("Delegate: {0}", addDelegate(1l, 1));

var addCallSite = [CreateDynamicInstanceMethodDelegate<Func<CallSite, object, int, int, object>>("Add")}
Console.WriteLine("CallSite: {0}", laddCallSite.Target(addCallSite, calc, 3, 3));

// OR
MethodInfo addMethodInfo = typeof (Calc).GetMethod("Add", BindingFlags.Instance | BindingFlags.Public,

null, new Type[] {typeof (int), typeof (int)}, null);

Console.WriteLine("Reflection: {@}", bddMethodInfo.Invoke(calc, new object[] {1, 1})b;

// Delegate: 2
// CallSite: 6
// Reflection: 2



DLR in the wild — Reflection vs. CallSite

- CospaHue peneratoB Yepes Reflection gns instance-metonos
HEAd(PEKTNBHO, T.K. “3axBaTbIBAET IK3EMMAP obbeKTa

- Reflection n CallSite npegoctaBnsitoT cxoXxue BO3MOXHOCTU NS
aeneraTtoB CTaTUYHbIX METOOOB



Infinite loop

public

class LambdaInstance<T> : LambdaInstance<T, T>

class LambdaInstance<T, TPluginType>
ExpressedInstance<LambdaInstance<T, TPluginType>, T, TPluginType>

abstract class ExpressedInstance<T>

abstract class ExpressedInstance<T, TReturned, TPluginType> : ExpressedInstance<T>



Infinite loop

class Program

{

private static |Lambdalnstance<object> [ShouldThrowException(object argument)

{

throw new NotImplementedException();

}
static void Main(string[] args)
{
// will be an exception thrown?
ShouldThrowException((dynamic)new object());
}



Infinite loop

class Program

{

private static

{
¥

<object>

ShouldThrowException(object argument)

throw new NotImplementedException();

static void Main(string[] args)

{

// will never end

ShouldThrowException((dynamic)new object());



Infinite loop

public

class LambdaInstance<T> : LambdaInstance<T, T>

class LambdaInstance<T, TPluginType>
ExpressedInstance<LambdaInstance<T, TPluginType>, T, TPluginType>

abstract class ExpressedInstance<T>

abstract class ExpressedInstance<T, TReturned, TPluginType> : ExpressedInstance<T>



Infinite loop

public

class LambdaInstance<T> : LambdaInstance<T, T>

class |LambdaInstance<T, TPluginType3
ExpressedInstance¢Lambdalnstance<T, TPluginType3, T, TPluginType>

abstract class ExpressedInstance<T>

abstract class ExpressedInstance<T, TReturned, TPluginType> : ExpressedInstance<T>



DLR - Summary

v' OuHammam gna .NET
v 3ddekTmnBHbIN API - BbicTpee Yem Reflection

v [Mpuemnemas n gocTmknumasi Npon3BOANTENbHOCTb
v bes 3arpaTt Ha NHPPACTPYKTYpY
v’ JlerkonopgepxnmBaembi KOf,

v' HoBble nattepHbl ana C#

v Mutiple dispatch (“ckaxkem noka” double dispatch, boilerplate-koay n 6onbLuon
nepapxmm Krnaccos)

v It's cool ©



Cnacubo!

Q&A



szkarlen@gmail.com
KSimonyan@I|uxoft.com

KOHTaKThI @szkarler




