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& using System.Windows.Shapes; Y
« n »

835 ms in 4 intervals at 4 thread




rYy CODETRACK - o x
B e n C h rT] a rk D O't N e‘t C:\Temp\b71eeaa624b3429693f78ffefaddefcctr X  [§ ¢ @
B
S
L = InfoTree
- m i PO =
8 Collapse All
Tree Flame :=List
L % b ’ b @ mscorlib —
r Rl thicad G o D i@ PaintDotNet
r k I - b @ PaintDotNet.Base
| D @ PaintDotNet Core
b @ PaintDotNet.Data
S s D @ PaintDotNet Effect
= RunMessa... aintUotNet.Ciiects
2 ] RunMessa... I D @ PaintDotNet. Framework
E i showbialog || W] 1] D @ PaintDotNet.Resources
Q | | Show L D @ PaintDotNet SystemLayer
rO I er ] D % PaintDotNet SystemLaver Native x64 v
11 PerformAction
PerformAction
PerformAction
OnClosing
WmClose
W__ WndProc
Wn... WndProc y |
| I W | [|[Callback
| | DefWndProc
[ I SetVi... || DefWndProc Proce... Code '
[V (H SetVi... | | WndProc Proce. SourceFile C# IL VB
| Ll Show || WmSysCommand
{HET) | Il L Att. Positi. ||| WndProc
| Il [ Set._ OnLoad ||| WndProc
] | al L] Set... oOnCre_.. (|| Callback
= Il (LYmlqign Set_ Create__ | | DefWndProc
E l Il i otor Greate_[[ DeindProo
2 1l ] otor Wmsh_ ||| WndFroc
LS | IR ctor WndPr...| | WmNcButtonDown
i com... [l || Initia_ 1l [ wndpr...
il Il ctor onA.. |[ [ [WndPr...
/] LI stor TryS__|| | Callba..
| AddNew._ | | set__ [l SetVisible... | System.Windows.Forms.UnsafeNati hod: T 7
| 1
5 | oop Callback
8 Duration: 5.71 s
2 Count: 2364
- Main Average: 2.42 ms
| Thread "Main” -
X ’ Code | Properties




@ Performance Monitor

Performance Monitor g s

e 2@ Dml B

Add Counters X
@ Performance
vl %nitoring Tools|  Available counters Added counters
-ca Eesioilics ﬂ Select counters from computer:
» |3 Data Collector Set Counter Parent Inst.. Computer
» g Reports <Local computer> ~ | | Rowee NET CLR Exceptions g
# of Exceps Thrown ~ --- _Glo...
.NET CLR Data v &
NET CLR Exceptions . NET CLR LocksAndThreads A
# of current logical ... --- _Glo...
.NET CLR Interop Cumrent Queue Length — _Go...
.NET CLR Jit * Queue Length / sec - _Glo
NET CLR Loading Y
NET CLR LocksAndThreads &

# of current logical Threads
# of current physical Threads

L A mrireant imad thrande

Instances of selected object:
(Goba |

<All instances>
IpOverUsbSvc
PresentationFontCache
ShareX

SkypeBridge

21:13:31 21:13:38

Add >> Remove << bim 19,770
lon 1:40
= (%] o

Computer

“W—




eHTbI

- _
1“ C\Temp\myevents2.etl, C\Temp\myevents3.etl - Windows Performance Analyzer E‘M
E I W File Graphs Trace Window Help
Generic Events -
° IProviderlds I
Windows Performance Analyzer B
R AR R R R AR RN RN
0 10 20 30 40 50 60 70 80 90
Time
CPU Usage by Thread [Thread Priority >= 0]
| % Usage IThreads |
P L o
0 R AR R R RN R RN R R
0 10 20 30 40 50 60 70 80 90
[ Time
Disk /O
Counts /0 Counts I
0 T T T[T T[T I TT[T7TT]
0 10 20 30 40 50 60 70 80 90
Time
Disk Utilization
% Usage |Disk# |
0 J\ 7 J‘ |
[T T [T T T T T T[T T T [T T[T T[T T [TTTT]
0 10 20 30 40 50 60 70 80 90
Time
< »




MS Message Analyzer

2, Administrator: Microsoflt Message Analyzer - m] X
File Session Tools Help S~
(T3 New Session 77 Favorite Scenarios ¥ _» Open ke Save | | ¥ New Viewer ¥ ) Edit Session | S shift Time  ®[ Aliases ¥ | & NewUnion -3’ Window Layout ¥

2 ion 6:G X ‘ YiStartPage @ J1:Session6:An. ¥ 4
W Add Fitter ¥ [ Viewpoints ~ BB Flat Message List W Add Filter ¥ [3 Viewpoints ~ [ Flat Message List
R B Tyt~ | = | &Reset | &l Add Columns Color Rules ¥ & Find Message . Go To Message %% Layout v (i Find In Grouping Viewer | Export «
-
SessionldNa... X = TreeldName * —— FileName b3 l = Applied filtering according to the selected Grouping viewer message group. »
Group Values Messages Right dlick on any column header and select ‘Group' to create.a grouping. X
<Others> 1233 Al ) )
6 (% MessageNumber Q v ETh p Timetlapsed Source Destination Module Summary
(©x0000040000000029) 326 ‘ 10432 2014-11-13717.. 9.0005867 W - SMB2 Close, Status: Success, f
11 + ‘ 1015 2014-11-13717.. 0.93808549 W - SME2 QueryDirectory, Compounde
11 ‘ ‘ 1015 2014-11-13T17.. ©.0388549 = - SMB2 QueryDirectory, Compounde
A\ PC\IPC$§#0x00000001 17 - ‘ 1008 2014-11-13T17... 0.0012107 W A . = SMe2 Create, Status: Success,
- PC\TPC$@¥Ox00000009 11 a 1008 2014-11-13.. 0.0000.. - - - SMB2 CreateRequest, FileNar
\ V. PC\Usersg#ox00000005 287 & 1008 2014-11-13.. B.8eea.. - - - SMBTransport SMB Transport Packet,
2 & 1008 2014-11-13.. 9.0000.. - - TP Flags: ...AP..., SrcPc
*NULL *@#8x000000PARCGONAF 1 3 & 1008 2014-11-13.. 0.0000.. - - - ESP Next Protocol = TCP, ¢
*NULL*E#8x80000000000000F 9 3 ‘ 1908 2014-11-13.. 9.00ea.. - - - IPv6G Next Protocol: ESP, P:
*NULL *£#0x0000000000000191 a4 ‘ 1008 2014-11-13., 0.0000.. - " - Ethernet Type: IPve
*NULL *g#0x00000000000001E9 “ & 1008 2014-11-13.. 0.0000.. NdisEtwProvider Payload: binary(@,34,]
* Default@n8x0e00000000000101 & & 1014 20141113 - - - SMB2 CreateResponse, Status
Default\desktop.ini 1 v
X Details 1 % Message Data 1 x
* I F L 7Y Uz ntersearchtext here. P » 0
~ & Name Value Bit Offset
Name Detfault
No Data
‘1008 : SMB2 ‘1014 : SMB2 Messageld 26 (0x020000000000001A) D t )
CreataRequast, FilsN CroatsResponse. Status: § Fileld Persistent = Bx00B00EGOPREAR101, Vola. Source data not available for display
Status STATUS_SUCCESS or STATUS_KALT_©
#1008 : SMBTranspodh 1014 : SMBTranspo, = SRR
SMB Transport Packet. Str  SMB Transport Packet, Stre < Byte Count:0 Message Offset: N/A Protocol Offset:0
& 1008 : TCP & 1014 : TCP ~ @ 1008: Create, Status: Success, FileName: Default AUField Data ER Compare Fields (..  #@ Diagnostics
Ready Session Total: 10,804 Available: 1,603 Selected: 1 Viewpoint: Default Truncated Session: False Build: 40.7948.0

o




Lock%e ‘Wait-free

Threadl lock Thread2 . .
: , , A Comparison of Locking Constructs
| | |
: ; : Construct Overhead*
[ ™ |
| T A S 2| =
[ I lock (Monitor.Enter / 20ns
: ““““““"l Monitor.Exit)
: : Mutex 1000ns
: e _|I SemaphoreSlim (introduced in 200ns
: I ———. Framework 4.0)
L < : Semaphore 1000ns
D : ReaderWriterLockSlim 40ns
: <o T T ‘: (introduced in Framework 3.5)
: T_"""_""—)I ReaderWriterLock (effectively 100ns
! B o) deprecated)
|
|
|
[




Lock-free

non-
blocking
- lock-
free
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Lock-

Compare and Swap

ree & Wait-free
v ¥

double CompareExchange (ref double locationl, double value, double comparand);

Interlocked

Threadl Thread2 Thread3

int InterlockedMultiply(ref int x, int y) {

}

i :
H i=0 i ANt T r:
| do { ol 2
1 11 i | t = x: % g
] ' ‘ il =y T g
I | | - 3|3
| | \
, > : ! } N\
=2 2 i : while (Interlocked.CompareExchange(ref x, r, t) != t);
a |
i | return r;
| i
! [
‘ |
! |
‘ !

11




Con

keys

?lvﬁmary

buckets entries

__w»{ x| LisaSmith | 521-8976

o[ John smith | 521-1234

l

x | sandra Dee | 521-9655

x| Ted Baker | 418-4165

™ x| SamDoe | 521-5030
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Con ?n ictidnary

CunbHasa gerpagauns npu nonbiTke
NONY4YNTb BCE 6/TOKMPOBKMU

Method T e Memurtj [ bexs

[onLq;nsKeuj O(ﬂ D) none
TryCetValue | DM O none
TeyAdd D Ot 1
* Try Rermpve 0IE)) O 1
TryUpdate O (1) O 1
Clear D(K) O(K) K .
Count O(K) D |

| IsEmpty Oy | O@ K
Keys S Ow) JFO(N) K. _‘
Ualues DU )l O (Ve It ol |
Enumeration] OV O none
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Single instruction, Multiple data

float[] wvalues = GetValues|{();

float increment = GetIncrement () ; ‘

for (int 1 =

{

values|[1]

0; 1 < values.Length; 1i++)

+= i1ncrement;

Vector<float> values = GetValues|();
Vector<float> increment =
GetIncrement () ;

Vector<float> result = values +
increment;

Vector.IsHardwareAccelerated

14



struction,

int[] { 1e, 11, 12, 13, 15, 18, 23, 31 }

\ int[] { 11, 13, 17, 19, 23, 27, 29, 31 }

2s6-bitsivp |10 J11 12 |13 |15 |18 ] 23 |31 |

keglsters: ¥ 13|17|19|23|27|29|31|

Single SIMD
addition instruction

[21]24]29] 323845 [52]62]

|

int[] { 21, 24, 29, 32, 38, 45, 52, 62 }
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async Task LongRunningCpuBoundWorkAsync()
{

for (int 1 = 0; i != 1000000; ++1i)
{

¥

. // CPU-bound work.

16



async Task LongRunningCpuBoundWorkAsync()
{

for (int i = 0; 1 != 1000000; ++1i)
{
. // CPU-bound work.
await Task.Yield();

17



Long switch-case

switch (packetID)

{
case BncsPacketId.Null:

break;

case BncsPacketId.EnterChat:
string ecUniqueName = pck.ReadNTString();
string ecStatstring = pck.ReadNTString();
string ecAcctName = pck.ReadNTString();
var args = new EventArgs(ecUniqueName, ecStatstring, ecAcctName);
OnEnteredChat(args);
break;

// HY U TaKk n panee

}

18



Long sw

‘h- case

Dictionary<string, Action<T>>

switch (packetID)

{
case BncsPacketId.Null:

break;

case BncsPacketId.EnterChat:
string ecUniqueName = pck.ReadNTString();
string ecStatstring = pck.ReadNTString();
string ecAcctName = pck.ReadNTString();
var args = new EventArgs(ecUniqueName, ecStatstring, ecAcctName);
OnEnteredChat(args);
break;

// N Tak U panee

‘ 19
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OnTumMmnaaums notTpebneHnsa NnamMaTu
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private readonly Dictionary<string, string> cache = new Dictionary<string, string>();

public Task<string> GetValueAsync(string key)
{

string result;

if (cache.TryGetValue(key, out result))

return Task.FromResultsresult);
return DoGetValueAsync(key);

}
private async Task<string> DoGetValueAsync(string key)
{
HttpClient client = new HttpClient();
var response = await client.GetAsync(key);
var text = await response.Content.ReadAsStringAsync();
this.cache[key] = text;
return text;

22



public struct TaskAwaiter<TResult>: INotifyCompletion
{

private readonly Task<TResult> m_task;

internal TaskAwaiter(Task<TResult> task)

{
this.m_task = task;

}

public bool IsCompleted

{
get

{

return this.m_task.IsCompleted;

}
}

23



private readonly Dictionary<string, Task<string>> cache = new Dictionary<string, Task<string>>();
———— ——

public Task<string> GetValueAsync(string key)
{

Task<string> result;
if (cache.TryGetValue(key, out result))
return result;

return dpgegva!ue!sync(key);
h

private async Task<string> DoGetValueAsync(string key)
{
HttpClient client = new HttpClient();
var response = await client.GetAsync(key);
var text = response.Content.ReadAsStringAsync();
this.cache[key] = text;
return await text;




.Net 4.6

Task.FromResult (0)

Task.CompletedResult

25



.net core 2.1
Span<T>

C# 7.2

AnnoKauus Ha cTeke

int* block = stackalloc int[100];

Span<byte> span

ValueTask<TResult>

ey

size <= 128 ? stackalloc byte[size]

: new bytel[size];

26



TunnyHble 3a6ny>Kp,eva:

[Aggressivelnlining] cnaceT Bcex
Generic TUNbl UHNAUHATCA

KoMnunsaTop yMHbIN

4>

!_'-<

JI1|onTu u3a|.|,uﬂ

1nterface hildItems

{
Collection<IDisposable> ChildItems { get; }

}

internal static class FreeObjectUtils
{
public void Free<T>(T instance)
where T : IChildItems
{
bool needDispose = typeof(IDisposable).IsAssignableFrom(typeof(T));

foreach (var element in instance.ChildItems)
element.Dispose();

if (needDispose)
DisposableUtils.Clean(instance);
else
instance.ChildItems.Clear();

27



JI1|onTu u3a|.|,m|

TununyHble 3abNyXXQeHUS: 1nterface hildItems

{

. .. Collection<IDisposable> ChildItems { get; }

[Aggressivelnlining] cnaceT Bcex }
Generic TMNbl MHNANHSTCS internal static class FreeObjectUtils

{

5 public void Free<T>(T instance)
KomMnnnsaTop yMHbIN where T : IChildItems
{

foreach (var element in instance.ChildItems)
element.Dispose();

if (false)
DisposableUtils.Clean(instance);
else
instance.ChildItems.Clear();
}

>

‘ }

28



TunnyHble 3a6ny>Kp,eva:

[Aggressivelnlining] cnaceT Bcex
Generic TUNbl UHNAUHATCA

KoMnunsaTop yMHbIN

d>

!_'-c

JI1|onTu u3a|.|,m|

1nterface hildItems

{
Collection<IDisposable> ChildItems { get; }

}

internal static class FreeObjectUtils

{
public void Free<T>(T instance)
where T : IChildItems

{

foreach (var element in instance.ChildItems)
element.Dispose();

instance.ChildItems.Clear();

29
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public Dictionary(IEqualityComparer<TKey> comparer);

public struct LongEqualityComparer : IEqualityComparer<long>

{
public static readonly IEqualityComparer<long> BoxedInstanceInt64 = new LongEqualityComparer();

[MethodImpl(MethodImplOptions.AggressiveInlining)]
public bool Equals(long x, long y)

{
}

return x ==y,

30



[MethodImpl(MethodImplOptions.AggressiveInlining)]
public void Clear()

{
if (typeof(T) == typeof(int) || typeof(T) == typeof(uint) || typeof(T) == typeof(byte) ||
typeof(T) == typeof(short) || typeof(T) == typeof(long) || typeof(T) == typeof(ulong))

{
_size = ©;
_version++;
}
else
{

int size = (int)_size;

_size = ©;

By

_version++;
if (size > 09)
Array.Clear(_items, 0, size);
}
}

31
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MemoryStream()

MemoryStream(Byte[])

MemoryStream(Int32)

WriteBytes() 7 - ctroeeeeee :

Initializes a new instance of the MemoryStream class with an expandable capacity initialized to zero.

Initializes a new non-resizable instance of the MemoryStream class based on the specified byte array.

Initializes a new instance of the MemoryStream class with an expandable capacity initialized as specified.

33



em r‘tream

TO )Ke Ca M O e p'n ﬂ . ] Stream.InternalCopyTo(Stream destination, Int32 bufferSize)
. ﬂ

W List<T>.GetEnumerator()

& List<T>.set_Capacity(Int32 value)

@ String.CtorCharArrayStartLength(Char(] value, Int32 startindex, Int32 length)
@ StringBuilder.ToString()
L I St< T > @ StringBuilder.ExpandByABlock({Int32 minBlockCharCount)
¥ MetadataBase.Clone()
C O I I eCt i O n < T > ¥ JContainer.ReadContentFrom(JsonReader r, JsonLoadSettings settings)
¥ Set<TElement> Resize()
. . @ String.Concat(String str0, String str1, String str2)
D I Ct I O n a ry< T Key, Tva I u e > ¥ Dictionary<TKey, TValue> Initialize(Int32 capacity)
¥ MemoryStream.set_Capacity(Int32 value)
had
List<T>() Initializes a new instance of the List<T> class that is empty and has the default initial capacity.
List<T>(IEnumerable<T>) Initializes a new instance of the List<T> class that contains elements copied from the specified collection
‘ and has sufficient capacity to accommodate the number of elements copied.
List<T>(Int32) Initializes a new instance of the List<T> class that is empty and has the specified initial capacity.
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int[] a = new int[10];
DoSomething(a);

public void DoSomething<T>(IList<T> list)

{
}

@ RuntimeType+RuntimeTypeCache+Memberl 2160 212 22755 1456 900 15992 System
& Enumerable.Tolist<TSource>(IEnumerable <1 2138 520 53 463 1845640 46 141 System.ling
I @ SZArrayHelper.GetEnumerator<T>() 2 063 648 64 489 2 063 648 64 489 System
¥ PropertyReyeacolection nsureDictonan . 2053120 25 664 2 046 720 25584 NewtonsoftJson.Ling
" @ ReflectionUtils.GetChildPrivateProperties(Lis 1991096 46 909 1991096 46909 NewtonsoftJson.Utilities
- @ Enumerable.SelectManylterator<TSource, TR 19083128 24789 19082728 24784 System.ling
& CustomAttributeData.GetCustomAttributesr 1965744 37 657 1965 152 37648 System.Reflection

b *& Interpreter.ctor(TemplateGroup group, Cultu 1882 840 457 1882 840 457  Antlrd.StringTemplate

-— 1-o - - - - - - s = - —— PRppp——— s e - —— - —— - -
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public IEnumerable<RibbonPartMetadata> FindChildren(Guid parentId)

{
return this.AllParts.Where(part => part.ParentGuid == parentId).TolList();
}
// [18 7 - 18 80]
IL_000e: ldarg.o // this
IL eeef: call instance class [mscorlib]System.Collections.Generic.IEnumerable  1<class WpfApp3.RibbonPartMetadata>
WpfApp3.Class2::get_AllParts()
IL_0014: ldloc.o // 'CS$<>8 localse’
IL 0015: ldftn instance bool WpfApp3.Class2/'<>c__ DisplayClass2 0'::'<FindChilds>b_©'(class WpfApp3.RibbonPartMetadata)
newobj instance void class [mscorlib]System.Func” 2<class WpfApp3.RibbonPartMetadata, bool>::.ctor(object, native int)

IL 0020: call class [mscorlib]System.Collections.Generic.IEnumerable 1<!!0/*class WpfApp3.RibbonPartMetadata*/>

[System.Core]System.Ling.Enumerable: :Where<class WpfApp3.RibbonPartMetadata>(class

[mscorlib]System.Collections.Generic.IEnumerable 1<!!0/*class WpfApp3.RibbonPartMetadata*/>, class [mscorlib]System.Func 2<!!0/*class
I WpfApp3.RibbonPartMetadata*/, bool>)

call class [mscorlib]System.Collections.Generic.List 1<!!0/*class WpfApp3.RibbonPartMetadata*/>
[System.Core]System.Ling.Enumerable: :ToList<class WpfApp3.RibbonPartMetadata>(class
[mscorlib]System.Collections.Generic.IEnumerable 1<!!0/*class WpfApp3.RibbonPartMetadata*/>)

{
|
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public IEnumerable<RibbonPartMetadata> FindChildren(Guid
{

}

return this.AllParts.Where(part => part.ParentGuid

public IEnumerable<RibbonPartMetadata> FindChildren(Guid
{

var list = new List<RibbonPartMetadata>();

foreach (RibbonPartMetadata part in this.AllParts)

{
if (part.ParentGuid == parentld)
{
list.Add(part);
}
}

return list;

parentId)

== parentId).TolList();

parentId)

37



public IEnumerable<RibbonPartMetadata> FindChildren(Guid parentId)
{

}

return this.AllParts.Where(part => part.ParentGuid == parentId).TolList();

public IEnumerable<RibbonPartMetadata> FindChildren(Guid parentId)

{
var list = new List<RibbonPartMetadata>(this.AllPart.Count);

foreach (RibbonPartMetadata part in this.AllParts)

{
if (part.ParentGuid == parentld)
{
list.Add(part);
}
}

return list;

38



4

2T

BMecTo KOHKaTeHauumn ncnonbsyn StringBuilder
BmecTo string.Format ncnons3ymn KoHkateHauuto

string first = "first"; string first = "first";
string second = "second"; string second = "second";

return $"{first}{second}"; return first + second;

~

!_'-s
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static Logger log = new Loggel 5 :

public void Info(params object[] args)

log.Info(1, 2, 3, 4, 5);
log.Info(); - new object[0]
Kak Hapo?

public static void Info();
public static void Info<T1>(T1 arg1);

ey

public static void Info<T1, T2, T3>(T1 arg1, T2 arg2, T3 arg3);

40



e

Heap R‘ocion Viewer

public class ParamsArgs

{
éﬁbiic<;tatic void Methodl(params string[] args)[::
public void Method2()
{
Method1("Hello", "World");
} ; Obyject allocation: parameters array ‘args’ creation
var strings = new string[] { "x", "y"};
foreach (var s in strings)
Task.Run(() => Console.WriteLine(s));

Delegate allocation: capture of 's' variable
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Pro
.NET Performance

Optimize Your C# Applications

MAKE YOUR USERS HAPPIER AND YOUR CODE
SNAPPIER BY MAXIMIZING THE PERFORMANCE
OF YOUR APPLICATIONS

Sasha Goldshtein with Dima Zurbalev and Ido Flatow

ouuTaTb?

Federico Lois
Sasha Goldstein
AHppen AKMHbLLWH
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