A

| o

HotReload |<0,£|,a C# \ &

Opyrum kogom C#

n\\




[TpnknagHas paspaboTka DirectumRX

/ Development Studio (IDE) \

Deploy (dll)

4

_ HoBbIn
NpuKNnagHou
. Koa
compile T

JlokanbHbIN cepBep
NMPUIOXXEeHUN

[TpuknagHou koA

Koo nnatdopmbl
(framework)

* restart




3ayem HamMm HotReload

* EbICTpaFI JTOKallbHasA OoTriagka rnpuKknnaaHoro Koada.

« OObI4YHbINV deploy XOpoLL U HaAEXeH And npoaa, HO MeaS1eHHbIN
n3-3a nepesanycka cepsepa.

JlokanbHbIN cepBep
NDUNOXEeHUN

4 Development Studio (IDE) A
. deploy [MpuknagHow koa
HoBbIn >
npuKnagHou Koa
< 4 Koo nnatgopmbl
(framework)

A restart




[lononHUTEnbHbIE OrPaHNYEHUS U
TpeboBaHUS

* He cnaceT, ecnu noMmeHAnacb cTpyktypa b/l.

* Hapgo, 4Tobbl Npn Hot Reload Morna paboTtaTtb oTnagka B Dev
Studio.

« XOpOLUO Obl, YTOObI MOXXHO MCMOSIb30BaTb HE TOSbKO AH
CepBEpPHOro Koga, HoO U ANA KnueHTa (KOTOPLIN yXXe 3anyLLUeH).



OcHoOBHaga naes

* 130aBUTLCA OT Nepe3anycKa cepBepa.

« lenaemM Ha CTOpPoHe cepBepa To4KY (KoHTponnep WebApi,
Hanpumep), KoTopas BCTPOUT NOAaHHbIA Ko B paboTtatoLlee
NPUNOXEHME.

JlokanbHbIN cepBep
NMOUNOXEeHUN

[MpuknagHou koa

4 Development Studio (IDE) A |/|CXO,EI,H bi T inject
HoBbIV KOA
NPUKIagHON Ko nnn cbopka —>  Kopg nnatopMbl

A 4




PeweHna B nod

* Bo3HsA ¢ reflection — LoadAssembly (B T. 4. Shadow Copy Assemblies).
* Managed Extensibility Framework (MEF); B TOM 4Yncne VS-MEF.
* Mono.Cecil.



PeweHus B no6. Mpobnemsi (@%

* HUKaK He NOBNMSAEM Ha yXe CyLEeCTBYWME B NaMATN OObEKTHI,

* HoBble 0ObeKTbI, CO34aBaeMble Yepes3 new B NPUKIAAHOM KoAe
OyayT ccbinaTbCA Ha CTapble TUMbI.

YTOoObLI 3TO paboTano HyXXHO:

* ICaTb CBOW 3arpy34uK TUMOB. Ecnv rae-To B NpuKnagHOM Kode Kakas-
TO NpuUKnagHas CyLHOCTb CO34aeTca Yepes new, TO NpUaeTcd
MoaudouumpoBaTbh NpuknagHou Koa (3To nioxo);

* B crny4ae ¢ MEF no kogy Hago nmbo packnabiBaTh cneunanbHble
aTpnbyTbl, TGO HacnegoBaTbCsH OT HYXKHbIX MHTEPXAENCOB.



KoMnmnnaTte Ha cepBepe 1 Emit (v1)

* CodeDom — KoMnnnauuna c# B Assembly cpasy B namMaATh B
AppDomain.

* Emit — reHepauuda IL-koga. JlokanbHbIN cepBep
NPUNOXeHUN

App sources

A

compile emit

a

€

Development Studio (IDE) A L V
Ci >

platform
new app sources

4




KoMnunaTb Ha cepBepe 1 Emit (@%

[Tpobrembl:

* Emit paboTaeT TonbKko ¢ DynamicAssembly (COOTBETCTBBEHHO —
DynamicMethod). A B pe3ynesraTteT paboTbl CodeDom U
KOMMOUMALNM Mbl MOSTy4YaeMm, No CcyTu, obbl4HY0 Assembly.

* YTOObI ANHAMMNYECKNU KIlacc OTNPaBuUTL B paboTy, HYXXHO
Bbl3BaTb Y HEro CreateType(). 3TO ONOKMpyeT AanbHENLLNE Ero
MoaunduKaumm



Edit and Continue

* BCTpoeHHbIN B Visual Studio XUTpbI MEXAHU3M, FreHePUPYOLLNA
HEeKoTopble AenbThl.

» O0OLenocTynHoro API HeT.
* [1axxe B camon VS MmexaHn3M He paboTaeT B paae criyyaes.



Method inject v1

T — 3aMeHa yKkasaTesns Ha MeToz;:

c @ ® @ https://www.codep B e @ @ noux v » = |l Methodlnfo methodToRep|ace =...;
MethodInfo methodTolnject = ... ;

CLR Injection: Runtime Method Replacer

Ziad Elmalki, 23 Jun 2009
4,99 (44 votes) Rate this:

eplace any method with another method at runtime. Updated for 3.5 SP1. {

! Download source code - 86 KB

long™ inject = (long*)methodTolnject.MethodHandle.Value.ToPointer();

long™* target =
| have always been interested in the internal workings of the CLR. One thing of particular interest is the Just In ( | O n g * ) m Et h OdTO Re p I a Ce ' M et h Od H a n d I e .Va I u e -TO POi nte r( );

Time Compiler or JIT. Today, we are going to look at how the JIT compiles MSIL, and create a utility that allows us
to programmatically replace any JIT'ed method with another method at runtime. We will also create a debugging *ta r = * | nJ .
utility that will intercept JIT calls and print diagnostics information to the console. ’

Microsoft Intermediate Language or MSIL (properly know as Common Intermediate Language (CIL)) is a low level
assembly type language. All .NET languages are compiled into MSIL (some exception with C++/CLI). Processors
cannot run MSIL directly (maybe an ARM Jazelle like technology for .NET in the future). The Just In Time compiler is

used to turn MSIL into machine code. A method will only be compiled once by the JIT, the CLR will cache the S \

B peanbHOCTN YyTOK CroXHee, NOTOMY
4YTO HAOO YYeCTb x86/x64,
Debug/Release.



KaKk XpaHATCcA onncaHunga knaccoB B .NET

Objectinstance
3aroroBoK
MethodTable {
MethodTable ptr ;Ionsole.WriteLine(...);
Field value 1 gene
: oM
Field value 2 E‘(’;:I':(‘)g(r))tﬁ” Ha Cax coneuro
mym ™

MyMethod1() ptr



CyTb Method Inject v1

Object instance

Method table




File Edit View Debug Window Help File Edit View Debug Window Help
EINEE: TE L T L TR 5 8 e 7 = =l A = # P (T -] bl bel [ox] [ i) el L) ] 2] Ea

200871 fcle850880 @BR7ffcle746298 JIT TestClasses.Target.Test()
00007ffcle8508de 0@0R7ffcle7462a8 JIT TestClasses.Target.TargetMethod()

9: 000) 'NameZEE TestClasses.dll TestClasses. Target
Module: 000087ffcle745bf0

TestClasses.dll {00007 fcle8500b0 0BRO7ffcle7462b8  NONE TestClasses.Target.get_Value()
2000000002000003 {00007 fcle850820 000B7ffcle7462c8 JIT TestClasses.Target..ctor(System.String)
: 20007ffc1e7462f0 - lo:000> g
eo0B7ffcle8d46to Breakpoint @ hit
TestClasses.Target 00007ffc” 1e85093e 90 nop
!DumpMT _-md _@@ee7ffcle7462f0 {0:000> !DumpMT -md @@ee7ffcle7462f@
000e7ffcledd46f0 EEClass: 20e07ffcledd46fo
0eea7ffcle745bf0 Module: 00007ffcle745bf0
TestClasses.Target {Name: TestClasses.Target
2000000002000003 mdToken: 2000000002000003

D:\work\protos\Hot reload\ConsoleApplication2\bin\Release\ File: D:\work\protos\Hot reload\ConsoleApplication2\bin\Release\TestClass

BaseSize: 2x18

{ComponentSize:  Ox@

{Slots in VTable: 8

Number of IFaces in IFaceMap: @

|MethodDesc Table |MethodDesc Table

Entry MetheodDesc JIT Name Entry MethodDesc JIT Name

800871 fc7c5dcoee 08R7ffc7c137fb8 PrelIT System.Object.ToString() 00007ffc7c5dceod 00807ffc7c137fb8 PrelIT System.Object.ToString()

|00e07ffc7c6448f0 BRB7ffc7c137fc@ PrelIT System.Object.Equals(System.Object) |@0007ffc7c6440f0 00RO7ffc7c137fc@ PrelIT System.Object.Equals(System.Object)

20007 fc7c6b4490 0BRB7ffc7c137fe8 PrelIT System.Object.GetHashCode() 00007ffc7c6b4490 00007ffc7c137fe8 PrelIT System.Object.GetHashCode()

{08007 fc7c60f390 00BO7Tfc7c138080 PrelIT System.Object.Finalize() 108007 fc7c60f390 BOBB7TTc7c138000@ PrelIT System.Object.Finalize()

00007ffc1e850880 20007ffcle746298 JIT TestClasses.Target.Test P0007ffcle850880 @BRR7ffcle746298 JIT TestClasses.Target.Test()
7ffc1e8508d0 00007ffc1e7462a8 JIT TestClasses.Target.TargetMethod() poRe7ffcled50b50 00RO7ffcle746500 JIT TestClasses.Injection.IniectionMethod()|

. : |6@e0e7TTcles500b0 0BOB/TTcle/462b8 NONE Test(lasses.larget.get_vValue()

‘00007ffc1e850820 00007ffc1e7462c8 JIT TestClasses.Target. ctor(System Str] |eeee7ffcle850320 @0R07ffcle7462c8 JIT TestClasses.Target..ctor(System.String)

exe

<| m

Jo:000> |

Ln 0, Col 0 Sysf



Method Inject v1. YTO Ham Hago coenaTtb

eLwle

* CpaBHUTb NpuKnagHble UCXOOHMKN N HAUTN N3MEHMBLLNECS
MEeTOoabl.

*[lepenartb UcxogHble TEKCTbI METOOOB (+ Aon. MHda) Ha cepBep

« Co3aaTb HOBBIW KIacc, 3aCyHYTb B HEMO METOAbI U
CKOMMUNUPOBAaTh B NaMATb

* ([leped Komnunauueu Ha0o 3ameHUMb 8ce obpawleHus K this Ha
obpaweHus Yyepes Reflection)

* HanTtu ctapbin metoq u caenatb Methodlnject Ha HOBbIN



Method Inject v1. [TPOBJIEMA! (@%

[MpekpacHo paboTaeT, Nnoka Mbl HE Bbi3bIBaeEM METO/,
[Tocne nepBoro Bbi3oBa cpabdaTbiBaeT JIT 1 BCS Marnsa npornaaaert.

Write jmp
<
MethodTable \to machine code

/

VVVV

=
—
<]
1

Console.WritelLine(1);

}

Stub
MyMethod1() ptr /

Code ptr

machine code



Method Inject v2

& NET CLR Injection: Modify IL © X +

c @ @ & https:;/fwww.cod B e % | @ noucx vonN O @

NET CLR Injection: Modify IL Code during Run-time

H Jerry.Wang, 7 Aug 2014

puiy- 4,98 (237 votes) Rate this:

Latest binaries and demo (471KB, Last Update:2014/08/08)
Latest source code (4.8MB, Last Update:2014/08/07)

Previous version binaries and demo (3.8MB, Last Update:2012/11/05)
Previous version source code (4.0MB, Last Update:2012/11/05)

You can download the demo and have a try, it demonstrates modifying .Net method code during runtime.

® Supports variants of .NET versions from 2.0 to 4.5

® Supports variants of methods to be modified, including dynamic methods and generic methods.
® Supports release mode .NET process.

® Supports both x86 & x64.

m| >

lcnonb3oBaHue EasyHook

OcHoBHas naes:

*[lepeonpeneneHne
compileMethod,

» COpoc cocTosaHuA Jitted C
nomMmoLwbio MethodDesc.Reset()



Method Inject v2. [1pobnemku

* HopmanbHO 3apaboTtano Tonbko Ha .NET Framework 3.5.
* YK O4eHb PUCKOBAHHO Takoe NPUMEHSTb B NpoaaKLLEHE.

 [logoepxuBaTb Takoe OT Bepcum k Bepcum .NET — X3, Kak, MOTOMY
YTO BE3NN KOHKPETHO BHYTPb KyXHM CLR




Y10 32 NnpuknagHou ko4 ClientHandlers

ServerHandlers Showing()
Created() Document
BeforeSave() \ . .
AfterSave() \ ClientFunctions
ame

Author > Bar()

Created
ServerFunctions c

om ) aCmC

- LepuPy® SharedFunctions
00() Y

ﬂ”am MyFunction1()



Class swap

 [INnaTopMeHHbIN KOO CO30a€ET 0ObEKBI, coAepKallme
NpuKNagHoun Ko,

e 3a4eM MEHATb N3BOPAYMBATBLCS C METOOAMM, ECINU MOXHO
NPOCTO NOACYHYTb OOBEKT

?IDocumentlServerFunctions

Documentl IDocumentl1ServerFunctions Document1ServerFunctions

Name > Foo) Foo()

CreateServerFunctions ()



Class swap. PaboTatoLimm npoToTun

v | BV Vomenenns () 3 & X B [Ee ~ HHEKEE P-Li L
Databook1ServerFunctions.cs RREIELLIIAIELGIEREE Databook] [CnpasoyrHnk]*

B a :93 Sungero.Modulel.Databook1ServerHandlers - R BeforeSave(

X 1 using System;

using System.Collections.Generic;
using System.Ling;

using Sungero.Core;

using Sungero.CoreEntities;

using Sungero.Modulel.Databookl;

] ~\_;—1-Aﬂ OTMNPABKA TQ

Coxpanute  Coxpanute
n3akpbeite N
-

lMpaekd

Vi B wN

N

[~ NPUEBET.

~

~J

(e}

namespace Sungero.Modulel

CBOWCTBA Wmsa 9 {
| %810 [ partial class DatabooklServerHandlers

11 1

VICTOPUIA 912 [ public override void BeforeSave(Sungero.Domain.BeforeSaveEventArgs
13 {
14
15
16: [~ ¥
¥ 2
18: }

AL: 6

OBLLWE NANKA
> AENOMNPON3BOACTBO




Mopanb

UccnepoBaHusa — odpureHHasa tema

* [IpaBUNbHO, YTO HE cTanm bpocaTbes AenaTb NepBoe
nonasLueecH.

* Hy>XHO CMOTpPETL LWMpe. YNepnucb B NoAMeEHY Koaa Ha HU3KOM
YPOBHE.

* [lokyMeHTUpPOBaHUE UCCrneaoBaHns — BoooOLLe TemMa.
* ®nya He 3abbiTa 1 MOXET ObITb KOrga-HMoyap...






