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[1Be 6onblUMe TEXHOIOTUYECKNE
npobnemol

[Mpon3BOAMTENBHOCTL BO BCEX MPOABIEHNAX MPU MOLLHOW
GYHKLMOHANBHOCTM

e [lnaBHocTb Ul
e Memory Traffic
e Obwan NamaATb NPUNOKEHNA

PacwmnpaemocTtb

e [1o A3blKam

e o pnyam

e [lo nnarnHam

e /A Tenepb gaxke rno nNpoayKTam...



Performance: cneunduka IDE

YT06bI ObICTPO NPEAOCTaBAATb NONb30BATE/NIO PUYM
HYy»XHa 60/blUaA, pa3BeCcuUCTas U, yBbl, CIOXKHaA MOAeNb
NAHHbIX, K3LW

Kaw obHOBASIETCA NOYTU KarXKabIM Pa3 NpU NU3MEHEHUU
KoJa N He TOJIbKO

Ob6HOBIEHME K3LWA — C/ZI0XKHAA onepauma, NPAMo Uam
KoCcBeHHO melwawana Ul noToky



Performance: Ul smoothness
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Performance: npobnemobl

Ul thread gonxeH bbITb NOYTK BCE Bpems cBOOOAHbIM
Pasmepbl Kalla orpaHUYeHbl, Tak Kak

e 32-6muTtHbIM Npouecc Visual Studio, Bcero ~3 '6 Ha npouecc
e YBeqimynmBaeTcAa Harpyska Ha GC

O6HOBNEHME K3La MOXKET aNNouMpoBaTb MHOIO NamMaATH

Bosbloe Koan4yecTBo ogHOBPEMEHHO paboTatoLwmx
NOTOKOB ycyryonstoT «Kpusuc cpegHero so3pacra»
ObbeKToB



Performance: GC impact

cores CPU Utilization

Blocking Garbage Collection
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[lpmepbl: 3aMblKaHUe

—-/namespace SECR_DEMO

{
- public class Classsl
{
-] private void Foo(Func<String, String> id)
{
] }
= private void @)
{
string localVariable = "sample";
.Foo((Func , (s => localVariable + "+1"));
}
)
}



[Mpumepbl: 6anXKe K peanbHOCTU

private void Test ()
{
Classsl.<>c__ DisplayClassl cDisplayClassl =
cDisplayClassl.s = "sample";
// ISSUE: method pointer
this.Foo(new Func<string,

new Classsl.<>c_ DisplayClassl():

string>((object) cDisplayClassl, _ methodptr(<Test>b_0))):
}

[CompilerGenerated]

private sealed class <>c__ DisplayClassl
{

public string s;

public <>c_ DisplayClassl()
{
base. . ctor():

}

public string <Test>b_ 0O(string sl)
{
return this.s + "+1";

}



Mpumepsbl: ABe nAambapbi...

public void Execute(IDataContext context, DelegateExecute nextExecute)
{

var sl = "toBeCapturedl”;

var s2 = "toBeCaptured2”;

myLlfetlme AddBracket(() =>

{
var v = sl + "smth";
I
() =
{
var v = s2 + "smthelse”;
1)s



[Mpumepbl: ... 0AMH 3aMblKatoLWMK Knacc!

public void Execute (IDataContext context, DelegateExecute nextExecute)
{

AboutAction.Eﬂc__DisplayClassZ cDisplayClass2 = new AboutAction.@Ec__DisplayClassZ();
cDisplayClass2.=s1 = "toBeCapturedl";

cDisplayClass2.s32 = "toBeCaptured2";

// ISSUE: method pointer

// ISSUE: method pointer

this.myLifetime.AddBracket (new Action((cbject) cDisplayClass2, _ methodptr ([<Execute[>pb__



[Mpumepesl: yield

~Inamespace ConsoleApplication3

{
= public class YieldExample
1
private readonly IEnumerable<string> myEnumerable = new List<string>();
= IEnumerable<string> “numerate()
{
foreach (var item in myEnumerable)
{
yield return item;
}
L)
)
8




[Mpnumepsl: yield B peanbHOCTH

private IEnumerable<string> Enumerate()

{

Yield.[<[Enumerate[>jJd 0 enumerateD0 = new Yield.[<JEnumerate[>jd 0(-2):

enumerateD0./<>4_ this = this;

return (IEnumerable<string>) enumerateDO;

[CompilerGenerated)])
private sealed class [<Enumeratel>jd_ 0 :

{

private string [<>]2_ current;
private int [<>1__ state;

private int [<>]1  initialThreadId;
public Yield [<>4_ this;

public string [<|Jitem{>|S 1;

public IEnumerator<string> [<>|7__ wrap2;

IEnumerable<string>,

IEnumerable



[Mpumepsi: IList vs List

public class IListTest

d
private List<string> myValues = new List<string>();
public IList<string> GetValues()
d
return myValues;
}
void (IListTest test)
d
foreach (var value in test.GetValues())
d
}
}

}



Mpumepsbl: IList - HexXgaHHbIK bOXINE

o List

IL_0062: ldarg.1
IL_0663: callvirt instance class [mscorlib]System.Collections.Generic.List 1<string> CodeFestD
IL_0068: callvirt instance valuetype [mscorlib]Systen.Collections.Generic.List 1/Enunerator<? o]
IL_066d: stloc.1

try

o |List

IL_8002: ldarg.1

IL_6603: callvirt instance class [mscorlib]System.Collections.Generic.IList 1<string) COj
IL_6008: callvirt instance class [mscorlib]System.Collections.Generic.IEnumerator 1<!0>
IL_806d: stloc.1
try




Memory traffic: npobnema c LOH-om

Map

Large Object Heap

Total bytes ~

16476920
16,387,944
15,805,472
15444632
14929368
11,977,640

Utilization

8%
67%
1%
76%
59%
46%

Objects count

31
19
26

Fragmentation

0%
2%
0%
32%
13%
37%



Mopanb

Ob6sA3aTenbHO yumTbiBaTb Memory traffic

3HaTb NOABOAHbIE KAMHU N N3beratb CUHTAaKCMYECKOTO
caxapa B BbICOKOMNPOU3BOAUTE/IbHOM KoAe
MpodunmposaTs:

e dotMemory

e Timeline tools

e dotTrace



dotMemory test framework

[Test]
I [AssertTraffic(35@, Types = new []{typeof(IAssembly)})]

O = PUBTIC vord T CotOpenClose()
1

vvvvvvvvvvvvvvvvvvvvvv

DoTestSolution((lifetime, solution) =>

{

using (ReadLockCookie.Create())

i
var liblProject = solution.GetProjectByName("Libl");
Assertion.AssertNotNull(liblProject, "liblProject != null");
var conAppProject = solution.GetProjectByName("ConApp");
Assertion.AssertNotNull(conAppProject, “conAppProject != null");




dotMemory test framework

var p2Descriptor = CreateUnknownProjectDescriptor(p2Guid, solutionPath.Combine(string.Format(@"{0}\{0}.zproj", p2Name)));

//isEnabled turned on
dotMemory.Check(memory =>
{

Assertion.Assert(memory.TotalSize <= (1 << 20), "memory.TotalSize <= (1 << 20)");

3)s

s1Descriptor.Items.Add(plDescriptor);
plDescriptor.ParentProjectPointer = new ProjectPointerByProjectDescriptor(slDescriptor, updater);

s2Descriptor.Items.Add(p2Descriptor);
p2Descriptor.ParentProjectPointer = new ProjectPointerByProjectDescriptor(s2Descriptor, updater);

var snapshotl = dotMemory.GetSnapshot();

using (new ProjectModelBatchChangeCookie(solution, SimpleTaskExecutor.Instance))
{
updater.UpdateOrCreateProjects(new[] { slDescriptor, s2Descriptor }, UpdateFlags.FULL_SYNC);
b
sw.WriteLine("Initial psi modules:");
DumpPsiModules(solution, sw);

var snapshot2 = dotMemory.GetSnapshot();
var traffic = dotMemory.GetTrafficBetween(snapshotl, snapshot2);
if (dotMemory.IsEnabled)
Assertion.Assert(traffic.AllocatedMemory.TotalSize < (1 << 10), "Memory traffic!");

s1lDescriptor.Items.Clear();
s2Descriptor.Items.Clear();



Memory: ymeHblLuaem pasmep K3Llewu

NHTepHMpoBaHue

CBou «Befocuneapbl» - CTPYKTYPbl AaHHbIX, SKOHOMALLKUE
NamsaTb

BblHOCMM K3LWIK Ha AUCK

TeopeTnyeckn MOXKHO BbIHECTU BOODLLLE U3 npoLiecca, HO
NoKa TO/IbKO B TeOpUmn



Memory: cBon Benocuneabl

ObjectPool LocalHashSet
OneToSetMapEmptyArray
JetConcurrentQueue

SortedOneToListMapWeakHashSet

ConcurrentSetLimitedDictionary StrongToWeakDictionary
WeakToStrongDictionary LazyProcessedCollection
Frugallocallazy  ReadOnlyDictionary
OrderedCollection ReadOnlyCollection

JetBinaryTreey o rgedCollection
LocallList “JétHashSet HashMap
EmptyList



Memory: He OutOfMemory eauHbim...

File Edit View Help
Filters ~ 3 X} Attached process, devenv X
 Analysis Subject 1 filter applied (clear all) : User Code x
® Time 651939 ms
© Memory Allocation some | ot @ n
. v Process Overview
xceptions CPU Utilization
v Interval Filters clear
ms %
User Code
Ul Freeze Blocking Garbage Collection
Lock Contention
Ul Freeze 1§
File I/O
JIT Compilation v Threads
Background GC ID  Name ms %
v Thread State 3160 CLR Worker 54248 83
ms % 1248 CLR Worker 58730 9.0
iti 646721 99.2
[J waiting 300 CLR Worker 54306 83
L] Running s 8740 CLR Work 54664 84
orker g
[[] Ready 1201 02
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10212 CLR Worker 42593 6.5
3848 CLR Worker 42088 6.5
11772 CLR Worker 19 500 3.0
500 Native 38867 6.0
9612 Native 03 <0.01
12168 CLR Worker 11 <0.01

JetBrains dotTrace Timeline Viewer (Administrator)

25s 30s 35s 45s




Memory: leveldb

OT1 Google, open source
In-process, not sharable, thread safe

Benchmarks:
e Read: 250, 150, 7 MB/sec
e Write: 62, 45, 47 MB/sec



Memory: maplwanepbl

Stackalloc B .NET Topmo3uT, Tak Kak NpUHYAUTENBHO
obHYyISEeT BCIO BblAE/IIEMYIO MAMATb

CobcTBEHHbIE MapLUanepbl

e OaHONOTO4YHbIE, TLS

e [Aggressive inlining]

e Kernel32DIl.HeapReAlloc

e MuHMmym B 2,5 pasa bbicTpee, yem BinaryWriter/Reader



Memory: onatb memory traffic

Yem 60nblie mapwanmm —1em 6osblle announpyeTcs
namaTn

Bbixoa: «npoueccopHblie K3Wn» B oNepaTUMBHON NaMATH
nosepx 6a3bl AaHHbIX

e DirectMappedCache

e bosee cnoKHble accoLMaTMBHbIE KILWK

e MHoroypBHeBble Kawn (IDEA)



Memory: obuiaa KapTrHa

SymbolCache TreeNodeStubCache

Custom
Marshallers



[Mone3nble .NET MHycTpymeHTb!

dotTrace — anroputmoil

dotTimeline — 610KMpOBKM NOTOKOB, starvation, GC punbTpbI

dotMemory — memory traffic, yreukn, obuiee ncnegosaHmne managed
namaTu

dotPeek — pekomnunsatop

lldasm — uctnHa B nocneaHem MHCTAHLUUK
ReSharper

e Boxing

e Memory allocations



Multithreading: ocHoBHaa npobnema

O6bHoBneHue Kawa Tpebyet ReadLock n moxkeTt 6bITb
NONTUM

OpaHako Ul-noToKk aAonKeH MMeTb BO3MOXKHOCTb
MoOMeHTanbHO 6paTtb WritelLock...



Multithreading: peweHue

Chunked operations: pa3butb 4NMHHbIK Npouecc obHOBAEHUSA
K3LW3M Ha MHOTO MeNKMX YacTen

[MpepbiBaTbCA KaK TONbKO KTO-TO npocut WriteLock nam no
npyrum ycnosuam (checkForinterrupt)

[MpepbiBaemca —> nepekaagbiBaem HeaoAeNaHHOe, C YY4ETOM
HOBbIX U3SMEHEeHUN

Timeline gns BbiIABNEHNA AJIMHHBIX U BO3MOXKHO HEHYKHbIX
ReadlLock-o8 npusogsauwmx Kk Thread Contention

PeanunsoBaHo yepe3 TLS, ProcessCancelledException



NToro

Anroputmsbl (KBagpaT uaum bonblue)
AnnoKauunu

MHOronoTo4HoCTb (ecnm ectb)

e KOHCUCTEHTHOCTb

e [MpepbiBabenbHOCTb

e Possible contentions

CTPYKTYpbl AaHHbIX

e O6bEM + MOXKHO 1M BbIHECTU HA AMUCK

e Synchronization overhead



Extensibility: npobnema Tbicaun cOoOpoK

OcCb: HEKMW OAHOPOAHbIN HAabop KOHOUTYpaLunmn
NPOAYKTa ANA ero BblMNyCKa
Hanpumep ocb OKpyKeHnM

e Visual Studio 2008, 2010, 2012, 2013, vs14, ...
e Standalone

e Server-side?

Echn egnnnua deployment’a — ato cbopkKa, To cbopoK
MOXeT ObITb AEeKapPTOBO NPOM3BEAEHNE OCEM



Extensibility: Hawe peweHune

CobctBeHHbIM Component Container (loc)

Eannunua deployment’a — npoctpaHcTBa MMEH, a TOUHee
KOMMOHEHTbI BHYTPU HUX

[leknapaTMBHO NOMEYaAEM NPOCTAHCTBA MMEH
aTpubyTamu, Kakom ocu TpebyroTcs KOMMNOHEHTbI BHYTPU

Component Container npocto cobnpaeTt Teé KOMMNOHEHTbI
KOTOpble noaxoasam noA TpeboBaHUA KOHPUrypaumm



Extensibiliy: zone example

-Ilnamespace JetBrains.ReSharper.Intentions.JavaScript
{
[Zone]
public class ZoneMarker :
IRequire<ILanguagelavaScriptZone>,
IRequire<ICodeEditingZone>,
= IRequire<DaemonZone>

{
}

B



Bonpocobi?

* Knpunn CKpbiraH
e Kirill.skrygan@jebrains.com

 twitter.com/kskrygan



