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About Myself

e BenchmarkDotNet maintainer

* Bibliotecario #dotnet #Microsoft
* Building Performance Culture
* Preventing|Detecting|Solving regressions in .NET Core

* Making .NET Core even faster
* Making various .NET libraries faster: ML.NET, .NET for Apache Spark



Measure, measure, measure.



Without data you’re just another
person with an opinion



Benchmark? Profiler?

,,In computing, a benchmark is the act of running a computer program, a
set of programs, or other operations, in order to assess the relative
performance of an object, normally by running a number of standard tests
and trials against it”

Wikipedia

nm n

,In software engineering, profiling ("program profiling", "software
profiling") is a form of dynamic program analysis that measures, for
example, the space (memory) or time complexity of a program, the usa?e
of particular instructions, or the frequency and duration of function calls.
Most commonly, profiling information serves to aid program optimization.”

Wikipedia



https://en.wikipedia.org/wiki/Benchmark_(computing)
https://en.wikipedia.org/wiki/Profiling_(computer_programming)

Recommended Settings

* Release (not Debug)

e Symbols:
<DebugType>pdbonly</DebugType>
<DebugSymbols>true</DebugSymbols>

* Disable Tiered JIT (or warmup the code)
<TieredCompilation>false</TieredCompilation>



Small Repro: ML.NET

regressio

A

Vectorized Math

* Narrow down:

Native library

Before After
.NET Core 2.2 3.0
Tiered JIT Disabled by default Enabled by default

Managed library

e Disable Tiered JIT and run the .NET Core 3.0 benchmarks
* Run version with native dependency as .NET Core 3.0

Problem:

* Vectorized Math library!



Choose the right Profiler

* Windows
* VS Profiler — if you can reproduce the problem on your Dev machine
* PerfView — very powerful, but has a high entry cost

* Cross platform

* dotnet trace
* Works always and everywhere with .NET Core 3.0+!
* if you don’t need native call stacks
e if you can’t run as Admin/sudo

* Linux
» PerfCollect — if you need native call stacks and can run as sudo



Visual Studio Profiler

* CPU, Memory, GPU
* CPU time per code line!
* NET Core support



VS -> Alt+F2 or Debug Menu

Debug | Test Analyze Tools Extensions  Windo

Windows »
Graphics »
I P Start Debugging F5 .
P Start Without Debugging Ctrl+F5
i@ Performance Profiler... Alt+F2
.| & Attach to Process... Ctrl+Alt+P
1
'a  Attach Snapshot Debugger...
r_‘ Other Debug Targets »
2 Step Into F11
‘| =» Step Over F10
Toggle Breakpoint F9
n
| New Breakpoint »
i Delete All Breakpoints Ctrl+Shift+F9
03 Options...
‘| M ProfilingDocs Properties...




Available Tools

B~ 2 w | - - | Any CPU ~ P ProfilingDocs '| M3 - p - |/ Live Share 3
Repoi20 190623, 1439 dgsesson = X

2 Analysis Target

Startup Project

2]
AL ProfilingDocs

Change
Target ¥

I 1. Solution configuration is set to Debug. Switch to a Release configuration for more accurate results.

Available Tools Females
[C] NET Object Allocation Tracking PU Usage % [ Database
See where .NET Objects are allocated and when they are reclaimed See where the CPU is spending time executing your code. Useful Examine when queries were executed and measure how long they
by the GC when the CPU is the performance bottleneck take
[J GPU Usage % ] Instrumentation [ Memory Usage
Examine GPU usage in your DirectX application. Useful to Instrument your application to investigate exact call counts and call Investigate application memory to find issues such as memory
determine whether the CPU or GPU is the performance bottleneck times leaks
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Filter

) Fle Edit View Project Buld Debug Test Analyze Tools Extensions Window Help  Search (Cirl-0) g ProfilingDocs [ ) - a X
:°'°|H'1 Hﬂ" = O | Release * AnyCPU - )PmﬂlingDccs"B',,éH' | R & LiveShare & m
Report20190828-1452.diagsession* + X [JEg¥ =
[ Output  © min & Reset Zoom 7 Clear Selec
Diagnostics session: 4.79 seconds (4.79 s selected)
I 1s 2 3s 4s I
4 CPU (% of all processors)
100 100
o 0
e em3aag details... ¥ Filter * ) Search Pl
Function Name Total CPU [unit,.. v  Self CPU [unit, %] Module ‘@ #§ Show External Code )
4 ProfilingDocs.exe (PID: 17396) 2253 (100.00%) 01(0.00%) ProfilingDocs.exe [0 * HideNative Code
__scrt_common_main_seh 2228 (98.89%) 0(0.00%) ProfilingDocs.exe Threads:
exe_start 2227 (98.85%) 0(0.00%) ProfilingDocs.exe & (Select all)
wmain 2227 (98.85%) 0(0.009%) ProfilingDocs.exe Thread #21088 : 99.2% (Startup thread)
[External Call] hostfxr_main_startupinfo 2226 (98.80%) 65(2.89%) hostfxr.dll Thread #19112 : 0.5%
ProfilingDocs.Program:Main 2161 (95.92%) 12 (0.53%) ProfilingDocs.dll Thread #28856 : 0.2%
[External Call) LoadLibraryExW 1(0.04%) 1(0.04%) KernelBase.dll 4 Thread #3500 < 0.1%
pal:load_library 1(0.04%) 0(0.00%) ProfilingDocs.exe 4 Thread #29772: < 0.1%
Thread #31000 : 0% v
/| Thread #25044 : 03
Carcel
-bit) Eror List Output
7 Buil L ol « My




Anal

coreclr.dll!0x007fffce570f01
ProfilingDocs.Program:Main
coreclr.dlllOx007fffcedc967a
coreclr.dlll0x007fffce571163

VSIS

2167 (96.18%)
2161 (95.92%)

2161 (O QD0L)

| ProfilingDocs.Program:Main

0
12 ({
0
0

0.00%)
0.53%)
0.00%)
0.00%)

N

coreclr.dll
ProfilingDocs dll
coreclr.dll

coreclr.dll

Function Name

4 ProfilingDocs.exe (PID: 17396)
RtlpTimeToTimeFields
RtlQueryPerformanceCounter
FileTimeToSystemTime
RtlGetSystemTimePrecise
LdrpDispatchUserCallTarget
GetSystemTimePreciseAsFileTime
coreclr.dll'0x007fffce7e51d0
_ security_check_cookie
System.Private.CoreLib.dIl!0x007fffcdf18120
ProfilingDocs.Program::Main
System.Private.CoreLib.dll!0x007fffcdee5ee0
System.Private.CoreLib.dIl!0x007fffcdf18260
System.Private.CoreLib.dIl!0x007fffcdee5f3b

Total CPU [unit, %] = Self CPU [unit,

2253 (100.00%)
856 (37.99%)
351 (15.58%)

1152 (51.13%)
496 (22.02%)
37 (1.64%)
525 (23.30%)
15 (0.67%)

14 (0.62%)

14 (0.62%)
2161 (95.92%)
12 (0.53%)

11 (0.49%)
210 (9.32%)

0 (0.00%)
856 (37.99%)
351 (15.58%)
282 (12.52%
145 (6.44%)
37 (1.64%)
29 (1.29%)
15 (0.67%)
14 (0.62%)
14 (0.62%)
12 (0.53%
12 (0.53%)

11 (0.49%)
10 (0.44%)

ProfilingBocs.exe

ntdlldll

ntdll.dll
KernelBase.dll
ntdll.dll

ntdlldll
KernelBase.dll
coreclr.dll
KernelBase.dll
System.Private.Co...
ProfilingDocs.dll
System.Private.Co...
System.Private.Co...

System.Private.Co...
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CPU time per code line!

= o X
-0 |f-2EWF =1 B B & LiveShare & m

chUUsage-Repor...8-1651.diagsesslen B Report20190828-1651.diagsession Program.cs

Current View: Caller/Callee[ V|

SystemNative:GetSystemTimeWithLeapSecondsHandling

NI File Edit View Project Build Debug Test Analyze Tools Extensions Window Help Search (Ctrl+Q) P ProfilingDocs ’
2« & - | Release ~ AnyCPU = b ProfiingDocs ~ | 5 _

sj00] nsoubeiq  saio|dx3 uonos

Calling Functions Current Function Called Functions
[ System.DateTime.get_UtcNow() 1852 (8247296)7 SystemNative:GetSystemTimeWithLeapSecondsHan... 1852 (82.72%) _
function Bocy 2N ‘ > ‘ GetSystemTimePreciseAsFileTime 579 (25.86%)
l LdrpDispatchUserCallTarget 48 (2.14%)

‘ kernel32.dII10x007f846b32580 3(0.13%)

C:\Projects\coredii\src\dlasslibnative\bcltype\system.cpp:109

116 {
111 +++*FCALL_CONTRACT;
112 ++++INT64-timestamp;
113 =
631 (28.18%) 114 | * ' g_pfnGetSystemTimeAsFileTime((FILETIME*)&timestamp); ——
115 T
1176 (52.52%) 116 |- -if-(::FileTimeToSystemTime((FILETIME*)&timestamp, -&(time->systemTime)))
117 sy
138:  Secacnee //-to-keep-the-time‘precision
17 (0.76%) 119  [trececee time->hundredNanoSecond-=-timestamp-%-10000; - //-10008"is‘the number-of-10@-nano-seconds-per-Millisect
120 sweiet ) =
143% <~ @ Noissuesfound T >

C# Interactive (64-bit) Error List Output

ource Control «

[J Ready A Add t

14



.NET Object Allocation Tracking

Analysis Target

Startup Project

(o2
X0l ProfilingDocs

Change
Target ¥

Available Tools

N ET Object Allocation Tracking

See where .NET Obijects are allocated and when they are reclaimed
by the GC

15



Allocations!

N' File Edit View Project Build Debug Test Analyze Tools Extensions Window Help Search (Ctrl+Q) P ProfilingDocs . = a X
[ R | V-2 W h‘l ) = O +| Release ~ AnyCPU ~ P ProfilingDocs ~ - R I 8 LiveShare &
_Pepoﬂ20190828-1939.diagse$ion* & X age - Rey eport2019 g Progr g
[ output | R Zoom In X Reset Zoom wh Clear Sele
Diagnostics session: 10.198 seconds
1255 25s 3.75s S5 6.255 755 8.75s IOSI
4 Live Objects (K)
201 a 2 . = 4 201
0 : ' <8 .l i v hafl 4 M 0

4 Object delta (% change)

100

Collection Allocation Call Tree Functions

Function name
4 ProfilingDocs.exe (PID: 27040)
4 [Native]
4 ProfilingDocs.Program:Main

4 System.Security.Cryptography.CryptoConfig:Create...
4 4= System.Security.Cryptography.RSACryptoServi...
». Internal.NativeCrypto.CapiHelper:SaveCspPa...
System.Security.Cryptography.RSACryptoService...
System.Security.Cryptography.CryptoConfig:.cctor
b System.Security.Cryptography.CryptoConfig:get ..

C# Interactive (64-bit) Error List Output

Total (Allocations) »
1600490

1600490

1600347

1600335

100012

100008

100001

17

# Expand Hot Path »@7 Show Just My Code  Show Native Code  Search P~
Self (Allocations) Module name ~
0 Multiple modules
141 Multiple modules
12 ProfilingDocs.dll

1400175 System.Security.Cryptog...
4 System.Security.Cryptog...
100008 System.Security.Cryptog...
100001 System.Security.Cryptog...
117 System.Security.Cryptog... v

A Addto 2

16



Go to Source File

Collection Allocation Call Tree  Functions

Function name Total (Allocations) +

4 ProfilingDocs.exe (PID: 27040) 1600490
4 [Native] 1600490
4 ProfilingDocs.Program:Main 1600347 p——
4 System.Security.Cryptography.CryptoConfig::Create... 1600335 & Miscellan,

4 = System.Security.Cryptography.RSACryptoServi... 100012

». Internal.NativeCrypto.CapiHelper:SauaCenl ANNANG

Systemn.Security.Cryptography.RSACryptd itz i U fere 1
System.Security.Cryptography.CryptoCol Go to Source File

> System.Security.Cryptography.CryptoCo Expand Hot Path 0

Copy

17



PertfView

* The most powerful .NET Profiler

* Actively Developed and Maintained

* Always up to date with latest .NET Runtime features
* Open Source https://github.com/Microsoft/perfview

* Small Overhead (up to 3-5%)
* Digitally signed by Microsoft
* Production Ready

18


https://github.com/Microsoft/perfview

Free tutorial & videos!

A PerfView64 C\demo (Administrator)

- O X
File Collect Memory Size Help  Main View Help (F1 Tutorial Troubleshooting FAQ Tips Videos
CAdemd| v I Welcome to PerfView!
Filter- PerfView is an application designed to simplify the collection and analysis of performance data.
= Pressing the F1 key will give you help for current view. Any blue hyperlinks in the Ul also take you to help. For an overview of

PerfView see the User's Guide . If you wish to ask a question that the documentation did not answer or if you have feedback or a
bug report, see the feedback instructions in the documentation.

If you are new to Perﬂliewlwe strongly recommend reading the tutorial or watch the tutorial videos .Ilt should only take 10-20
minutes to walk through. Also recommend 1s reading what pertView can do for you .

19




Run a Command or Collect w\ Start&Stop

| PerfView64 C\demo (Administrator)
File Memory Size Help
Cihd Run Alt+R
E Collect Alt+C o
& Abort AltsA |
Merge

20



Small Repro App: Run an Executable

| Collecting ETW Data while running a command - O et

This dialog give displays options for collecting ETW profile data. The only required field the 'Command’ field and this is only necessary when using the ‘Run’

command.

If you wish to ana data. See Collecting ETW Profile Data. for more.

ze on another machine use the Zip ion when collecting

CoreRun.exe "C\Users\adsitnik\source\repos\ProfilingDocs\ProfilingDocs\bin\Release\netcoreapp3.0\ProfilingDocs.dll" -

e
C\Projects\corefx\artifacts\bin\runtime\netcoreapp-Windows_NT-Release-x64 _

0 O |

21



Experiencing a silent error? Log!

B T L Y T L i T R L R

1e file of interest to view the data. You can change the current

1g on the object populates children nodes in the treeview.
. Right clicking and selecting 'Help on Item’ will take you
vers of profile data:

Working 1 Log| jCancel

22



Trace Explorer

(= PerfView64 C:\Projects\corefx\artifacts\bin\r
File | Collect Memory Size Help  Main

C\Projects\corefdartifacts\bin\runtime\ne ¥

Filter:

4 2] DateTimeUtcNow 30.etl (unmerged)
#| Tracelnfo
_0] Processes
-] Processes / Files / Registry Stacks
=] Events
I Memory Group
I | Advanced Group

I | Old Group

23



Select Process

| Select Process Window — O X

The data that was collect was machine wide, but typically you are interested in only one process. This dialog box allows you to
choose a particular process to focus on by either double clicking on a process or by selecting a process and hitting OK. The
‘All Procs' button can be used if you wish to look at all data. See Selecting A Process Help for more.

Name ID Parent CPU MSec Start Duration CommandLine

17900 31056 2,116 19-08-29 09:19:35 "CoreRun.exe” "C:\Users\adsitnik\source\repos\Prc
firefox 6932 1420 1,073[19-08-29 09:19:35| 5.26 sec| "C:\Program Files\Mozilla Firefox\firefox.exe" -cont
PerfViewe4  [31056] 8296 590|19-08-29 09:19:35 5.26 sec| "C\Projects\perfview\src\PerfView\bin\Release\net
devenv 13320 8296 334]19-08-29 09:19:35 5.26 sec| "C:\Program Files (x86)\Microsoft Visual Studio\20’
MsMpEng 4712 936 252|19-08-29 09:19:35 5.26 sec| "C:\ProgramData\Microsoft\Windows Defender\pl:
System 4 -1 221(19-08-29 09:19:35] 5.26 sec
VBCSCompiler|15952| 22336 216[19-08-29 09:19:35| 5.26 sec| "C:\Program Files (x86)\Microsoft Visual Studio\20
firefox 12752| 1420 174|19-08-29 09:19:35| 5.26 sec| "C:\Program Files\Mozilla Firefox\firefox.exe" -cont
dwm 1432 1172 166[19-08-29 09:19:35] 5.26 sec| "dwm.exe"
explorer 8296 8252 109|19-08-29 09:19:35| 5.26 sec| CAWINDOWS\Explorer.EXE
MsSense 4756 936 88[19-08-29 09:19:35] 5.26 sec| "C\Program Files\Windows Defender Advanced Tt
firefox 14201 11532 76|19-08-29 09:19:35 5.26 sec| "C:\Program Files\Mozilla Firefox\firefox.exe" -osin

24



Default Filters

1] CPU Stacks(2,117 metric) DateTimeUtcNow 30.etl in netcoreapp-Windows_NT-Release-x64 (C:\Projects\corefx\artifacts\bin\runtime\netcoreapp-Windows_NT-Release-x64\DateTimeUtcNow_30.etl)

File View Diff Regression Preset Help Stack View Help (F1) Understanding Perf Data Starting an Analysis

3,219.360

Troubleshooting

[Just My App] \3.0.0\%!->;!=>0THER ntoskrnl!%ServiceCopyEnd

By Name ? | Caller-Callee ? | CallTree 2 | Callers 2 | Callees ? | Flame Graph 2 | Notes ?

Process% CoreRun (17900)

Name 2 Exc%? Exc? Inc%? Inc?2 Fold? When? First?  Last?
OTHER < <coreclr'CorHost2:ExecuteAssembly> > 92.6| 1,961 92.6/1,961.0 0 SSS95RARSRSIS555R556 | 607.483(2,578.764)
OTHER < <ucrtbase!?>> 3.4 73 34| 73.0 0 g - 494.057(2,591.022
corerun!SString::Find 1.4 29 48| 101.0 0f—"°=. 494.057] 597.530)
Processb4 CoreRun (17900) Args: "C\Users\adsitnik\source\repos\ProfilingDocs\ProfilingDocs\bin\Release\netcoreapp3.0\ProfilingDocs.d 0.8 17] 100.0)2,117.0 17|—_¢RO9SR952AASA5553994996 | 442 206(2,593.042]
corerun! TryRun 08 17|  98.4]2,084.0 17|___2395390manazassosssasse_ | 4g1270|2,578.764
Thread (26688) CPU=2099ms (Startup Thread) 0.6 12] 99.2|2,100.0 10| 399%%99RARSASS5995R556 [ 44) 206(2,593.042]
corerun!HostEnvironment:AddFilesFromDirectoryToTPAList 0.2 5 5.0/ 106.0 [ — 492.057| 598.531
BROKEN 0.1 2| 0.1 2.0 2 o 2,591.036|2,593.042)
OTHER <<ntdlllRtlUserThreadStart> > 0.0 1 98.5/2,086.0 O 2959999RARSAS55995R556 [ 44).206[2,591.022]
ROOT 0.0 0f 100.02.117.0 O] —*29R55RRRIRI55995R996 442.206|2,593.042)
corerun!__scrt_common_main_seh 0.0 0f 98.5(2,085.0 0] —_2%552599RAR0R5555552556 481.270|2,591.022)
corerunlwmain 0.0 0) 98.4]2,084.0 Q—2999955RRRIRS55555A996, 481.270[2,578.764
corerun!HostEnvironment:GetTpalist 0.0 0] 5.0/ 106.0 o—** 492.057] 598.531

25



s it CPU bound?

7 metric) DateTimeUtcNow_30.etl in netcoreapp-Windows_NT-Release-x64 (C:\Projects\coref:\artifacts\bin\runtime\netcoreapp-Windows_NT-Relea

Regression Preset Hel Stack View Help (F1) i Starting an Analysis

26



Grouping

By Name ? | Caller-Callee ? | CallTree 2  Callers ? | Callees ? = Flamr

Name ?
P—

OTHER < <coreclr!CorHost2:ExecuteAssembly> >
OTHER < <ucrtbhase!?>>

corerun!SString:Find

Process64 CoreRun (17900) Args: "C\Users\adsitnik\source\repos'
corerun!TryRun

Thread (26688) CPU=2099ms (Startup Thread)

corerun!HostEnvironment:AddFilesFromDirectoryToTPAList

ﬁTHER <<ntdll'RtlUserThreadStart> > I

L
- Dust My App] \3.0.0\%!->:1=>0THER i : I

By Name 7 Just My App] \3.0.0\%!->;!=>OTHER
[no grouping]
Name ?
= | [group entries] \Temporary . ilesh-»;vs
[ CLR/OS ies] \T¢ ASP.NET Files\
%- [group modules] {%}!->module $1
<4
—— [group module entries] {%}!=>module $1
corerun!S .
M' [group full path module entries] {*}'=>module $1
—corerun'Tll [group class entries]  {%!*}.%(=>class $1;{%!*}:=>clas
Thread &2' [group classes] {%!*1.96(->class $1;{%!*}:->class !
coreruntH. [fold threads] Thread -> AllThreads

27



No grouping

GroupPats: ‘[no grouping] ~ Fold%: 1~ Foldl

By Name ? | Caller-Callee 2 | CallTree ? | Callers 2 | Callees 2 | Flame Graph 2 | Notes 2

Name ?
ntdll!RtlpTimeToTimeFields
ntdll'RtlQueryPerformanceCounter

kernelbase!FileTimeToSystemTime

system.private.corelib.illSystem.DateTime.get_UtcNow()
ntdll!RtlGetSystemTimePrecise
coreclr!SystemNative:GetSystemTimeWithLeapSecondsHandling

ucrtbase!?

kernelbase!GetSystemTimePreciseAsFileTime
ntdll!LdrpDispatchUserCallTarget

corerun!SString:Find

system.private.corelib!System.DateTime.get_UtcNow()

profilingdocs!ProfilingDaocs.Program.Main()

corerun!TryRun

Processb4 CoreRun (17900) Args: "C\Users\adsitnik\source\repos\ProfilingDocs\Profilin
217

Thread (26688) CPU=2099ms (Startup Thread)

coreclr!CallDescrWorkerinternal

corerun!HostEnvironment::AddFilesFromDirectoryToTPAList

ntoskrnl!?

28



Symbols

ucrthase!?

kernelbase!GetSystemTim
ntdll!LdrpDispatchUserCa
corerun!SString::Find

system.private.corelib!Sys

profilingdocs!ProfilingDo¢

corerun!TryRun
Processb4 CoreRun (1790
ks

Thread (26688) CPU=209
coreclr!CallDescrWorkerin

corerun!HostEnvironment

ntoskrnl!?

Name ? Exc%? Exc? Inc%
ntdll!RtlpTimeToTimeFields 39.0] 826 E
ntdll!RtlQueryPerformanceCounter 16.0] 338 1
kernelbase!FileTimeToSystemTime 13.2| 279 E
system.private.corelib.il!System.DateTime.get_UtcNow() 76| 161 £
ntdll!RtlGetSystemTimePrecise =2l 4
coreclr'SystemNative:GetSystem Drill Into Ctrl+D K
ucrtbase!? Flatten N
kernelbase!GetSystemTimePrecis New Window Ctrl+N Z
ntdll!LdrpDispatchUserCallTarget GO0 »
corerun!SString:Find Grouping 5 :
system.private.corelib!System.Da o
profilingdocs!ProfilingDocs.Prog Priority ’ _E
corerun!TryRun Folding . E
Process64 CoreRun (17900) Args Lookup Symbols Alt+S 1C

29



Set Time Range

system.private.corelib.il!System.DateTime.get_UtcNow(} ‘ 76l 1a1 a1al1 7220l
ntdllI!RtlGetSystemTimePrecise Drill Into Curl+D
coreclrlSystemNativerGetSystemTimeWithLeapSecond Flatten

ucrtbaselwesncmp New Window Cirl+N
kernelbase!GetSystemTimePreciseAsFileTime Goto
ntdll!LdrpDispatchUserCallTarget i

- . Grouping

corerun!SString:Find

system.private.corelib!System.DateTime.get_UtcNow() oty
profilingdocs!ProfilingDocs.Program.Main() Folding

corerun!TryRun Lookup Symbols Alt+S
Processb4 CoreRun (17900) Args: "C\Users\adsitnik\s: Lookup Warm Symbols Ctrl+Alt+S
" Goto Source (Def) Alt+D
Jotes typed here will be saved when the view

Set Time Range Alt+R

==

™

Callers 7 | Callees 2

[no grouping] ~

By Name ? | Caller-Callee ? | CallTree 2

Flame Graph 2 | Notes

ntoskmi!%ServiceCop ~

Exc%2 Exc? Inc%2 Inc2 Fold

Process% CoreRun [~

2 When?

First?  Last2

Name 7
ntdlliRtlpTimeTaTimeFields 390] 86| 390| 8260 o 336343344354354340 519.567]2.578.764)
il RtiQueryPerformanceCounter 160 339 160] 3390 1 e org s67]2.577.764)
kermelbaselFileTimeToSystemTime 132 2s0|  sao[nioso| o) peeeeessssemsessid ar seefas7a.764)
system private.corelib.il!System.DateTime.get_UtcNow{) 78 181 81.9[1,734.0 sssasassasssasssag | 809.590[2.576.764)
ndllRH 59 147 4860 ] | e17.5672577.764]
coreciSystemNativesGetSystemTimeWithLeapSecondsHandiin 3d 19 21,7200 o I eraseel2s7a 764]
ucribasslwesncm 34l 1 724 o1 494.057]_597.530)
iseAsFil 18 39) 5250 0 sasizazsaasiaate] | 617.567]2.577.764)
nidltLdrpDispatchUiserCal Target I e 339 o} eosooe I T 7a2589]2 335 631
[(coreruniSSring:Find 14 29 o — 494.057]_597.530)
Systemprivate.coreliblSystem DateTime.get UtcNowD. 0 E‘j: [ — D) §13.568] 808.589)
profilingdocs!ProfilingDocs Program Maind 09 1 < 1 | e13508]2578.764]
corerun'TryRun 08 17| ssdposao] 17| — | 4a1270f257a 764]
Processé4 CoreRun (17900) Args: "CAUsers\adsitniKisourcerep) 08 17 t00aferizo]  r7fepeaesameRssessassd | 440 006]2.593.042)
n 0715 oq] 150 o —— 615.567[2.107.408]

[no grouping] ~

By Name I | Caller-Callee 2 | Calllree 2 | Callers 2

Callees 7

Name 2
TimeFields

Flame Graph ?

ntoskrnll%ServiceCop ~

Process% CoreRun {* ¥

Exc%2 ExcI Inc%2 Inc? Fold
427 751 42.7| 751.0|

7 When?
ofssssstsssssssassssnzssansasess

FistZ  Lastl
509.5902,578.764

ntdll!RtlQueryPerformanceCounter

17731 127 311

[ e

kernelbase!FileTimeToSystemTime

139 244 56.5| 995.0]

g|F565 655555555555 6555465555555 65|

systemprivate.carelib.ilSystem DateTime.get_UtcNow()

91 161 98.51,7344

O[FFFEasEassATnEssenssasasAssERanE|

819.589]2.577.764]
809.59002,578.764]

ntdlliRtiGetSystemTimePrecise

76 133 252 4440

o[preaaszani

809.590[2.578.764)
21323222022222%] 514593 577.764)

39| 69 89 4[1,573

[FEessseszsesacesasesasssazseaany

kernelbase!GetSystem TimePreciseAsFileTime.

1.9 33 27.1] 477.0]

222322322222 3221 321223222232222

ntdlliLdrpDispatchUserCallTarget

1o 2] 1] 32

o|FRosE0_oo0_oa_t__coa_oconce,

profilingdocs!ProfilingDocs Program.Main()

1.4 25 99.91,759.0|

809.58902,578.764]

Process64 CoreRun (17900) Args: "C\Users\adsitnik\source\rep

01 1] 100.0]1.760.5

£09.589|2.578.765)

coreclriCallDescrWorkernternal

809.589(2.578.764)

corecirRunMain

corecliAssembly:ExecuteMainMethod

0.0] 99.9/1,759.0]
0.0 of 99.9]1,7594

0.0] 99.9/1,759.0|

corelriCorHos ecuteAssembly

809.589|2,578.764)
809.589[2,578.764)

[R5 35 oANSBASA 535 AAS TASTAS FAIAST|

corerun!TryRun

0.0] 0 99.9]1.759.
0.0] 99.91,759.0]

39T OAADIATA ST IIARI IR FAI PAIAST]

809.589[2,578.764)
809.589)2,578.764)
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Filtering by Name
void Main() => WhatYouCareAbout(Setup());

[MethodImpl(MethodImplOptions.NoInlining) ]
void $SomeType Setup() ..

[MethodImpl(MethodImplOptions.NoInlining) ]

void WhatYouCareAbout($SomeType initialized) ..
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By Name ? | Caller-Callee ? | CallTree ? | Callers ? | Callees ? | Flame Graph ? | Notes ?

Name ? Exc%? Exc? Blnc%? Inc?
ntdll!RtlpTimeToTimeFields 427 751 4271 751.0
ntdll!RtlQueryPerformanceCounter 177 311 17.7] 311.0
kernelhase!FileTimeToSystemTime 139 24 56.5| 995.0
system.private.corelib.il!System.DateTime.get_UtcNow() 9.1 161 98.5|1,734.0
ntdll'RtlGetSystemTimePrecise 76 13 25.2| 444.0
coreclr!SystemNative:GetSystemTimeWithLeapSecondsHandling 3.9 6 89.4|1,573.0
kernelbase!GetSystemTimePreciseAsFileTime 1.9 3 27.1| 477.0
ntdll'LdrpDispatchUserCallTarget 1.8 3 18] 320
profilingdocs!ProfilingDocs.Program.Main() 1.4 2 99.9|1,759.0
Processb4 CoreRun (17900) Args: "C\Users\adsitnik\source\rep 0.1 1 100.0/1,760.5

By Name tab: Bottom-Up analysis
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Callers tab

+
Exc%? Exc? Inc%? Inc? Fold? When? First ? Las
| a7l 7s4l 127l 7240l 43443433334434443534325543344454] gng 502 57
Drill Into Ctrl+D 11121221111121201111221111211112 g1g5gg[> 57
Flatten §5656545555555555655546555555565 gngsgla 57
' 9995999A93R9AIF9IIRTIIITIAIIIIIIY|
New Window Ctrl+N ] 8095901257 [ayame 1] Cater caiw £ Calfr ] Colers [caies 2] Fame G| s IR
— Goto > Goto Item in ByName Alt+N Methods that call ntdll!RtlpTimeToTimeFields
. . Mame 2 Inc%? Inc? Exc%? Exc?
Grouplng L GOtO ltem n Ca”erica”ee A‘t+c 7‘nldII‘RklpTimETuTimeFields 42.7) 751.0 427 751
JE— Priority » [ Goto ltem in Callers F10 *[/lkernelbaselFileTimeToSystemTime i 42.7] 7514 0.0 0]
+[lcoreclr\SystemNative:GetSystemTimeWithLeapSecondsHandling 421 7519 0o 0
h— FOIdlﬁg » GOtO |t@m in Ca”ees Sh‘ﬂ+F10 +¥lsystem private corelibil!System DateTime get_UtcNow() 427 751.0f 0.0) 0]
+[vIprofilingdacs!ProfilingDiocs.Program.Main() 42.7] 751.0) 0.0| 0]
rofili Lookup Symbols Alt+S Goto Item in CallTree Alt+T
Lookup Warm Symbols Ctrl+Alt+S Open Events Alt+V
I Goto Source (Def) Alt+D Bl Ctrl+F
Set Time Range Alt+R Find Next F3
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d

I Tree

By Name ? | Caller-Callee ? CallTree ?  Callers ? | Callees ? | Flame Graph 2 | Notes 2

Name ? Inc%? Inc? Exc%? Exc?
[VIroOT 100.0[1,760.5 0.0 0
+[¥IProcess64 CoreRun (17900) Args: "C:\Users\adsitnik\source\repos\ProfilingDocs\ProfilingDocs\bin\Release\netcoreapp3.0\ProfilingDod 100.0[1,760.5 0.1 1

+[¥/|Thread (26688) CPU=2099ms (Startup Thread) 99.9]1,759.0 0.0 0|

+IntdIlRtlUserThreadStart 99.9|1,759.0 0.0 0|
+[W]kernel32!BaseThreadinitThunk 99.9]1,759.0 0.0 0|
+[¥]corerun!__scrt_common_main_seh 99.9|1,759.0 0.0 0|
+(orenm!wmain 99.9(1,759.0 0.0 0|
+Corer'un!TryRun 99.9(1,759.0 0.0] 0|
*[V]coreclriCorHost2:ExecuteAssembly 99.9|1,759.0 0.0 0|
+|coreclrlAssembly:ExecuteMainMethod 99.9|1,759.0 0.0) 0|
+[]coreclr!RunMain 99.9|1,759.0 0.0 0|
*+[Wcoreclr!MethodDescCallSite:CallTargetWorker 99.9|1,759.0 0.0) 0|
+[¢]coreclriCallDescrWorkerInternal 99.9[1,759.0 0.0 0|
+Iprofilingdocs!ProfilingDocs.Program.Main() 99.9|1,759.0 1.4 25
+[]system.private.corelib.il!System.DateTime.get_UtcNow() 98.5|1,734.0 9.1 161

*+[V]coreclr SystemNative:GetSystemTimeWithLeapSecondsHandling 89.4/1,573.0 3.9 69
+[Wlkernelbase!FileTimeToSystemTime 56.5[ 995.0] 13.9] 244

| +'+/Intdll!RtlpTimeToTimeFields 42.7] 751.0 227 751
+[Wlkernelbase!GetSystemTimePreciseAsFileTime 27.1| 477.0] 1.9 33
H‘ntd\l!RthetSystemTimePrecise 25.2| 444.0 7.6 133

| *«Intdll'RtlQueryPerformanceCounter 17.7] 311.0 177 311

++ ntdll!LdrpDispatchUserCallTarget 1.8 32.0 1.8 32
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Flame Graph!

5 Neme | Cle-Clee ] Colle | Clers | Cates 2| e o1 e [ —

ntdll!RtlpTimeToTimeFields
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Understanding Flame Graph

! htdll!RtlpTimeToTimeFields

kernelbase!FileTimeToSystemTime

-
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Goto Source

LB L I Ty SR

system.private.corelib.il!System.DateTime.get_ | tchaown

ntdll!RtlGetSystemTimePrecise Drill Into Ctrl+D
coreclr!SystemNative:GetSystemTimeWithLea Flatten
kernelbase!GetSystemTimePreciseAsFileTime New Window Ctrl+N
ntdll!LdrpDispatchUserCallTarget Goto
profilingdocs!ProfilingDocs.Program.Main() .

- Grouping
Process64 CoreRun (17900) Args: "C:\Users\a o
Thread (26688) CPU=2099ms (Startup Thread Priority
ntdll!RtlUserThreadStart Folding
kernel32!BaseThreadInitThunk Lookup Symbols Alt+S
corerun!_scrt_common_main_seh Lookup Warm Symbols Ctrl+Alt+5
coreruntwmain Goto Source (Def) Alt+D
coreclr!CallDescrWorkerInternal

4 TextEditorwWindow

File

partial struct DateTime
tic readonly bool s_systemSupportsleapSeconds = SystemSupportsLeapSeconds();
public static unsafe DateTime UtcNow

get

{
1.5K| if (s_systemSupportslLeapsSeconds)

return new DateTime(((ulong) (GetSystemTimeAsFileTime() + FileTimeOffset)) KindUtc) ;
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Pro Tip: Start & Stop Events

[EventSource(Name = "DemoEventSource")]
sealed class DemoEventSource : EventSource
{

public void DemoStart() => WriteEvent(1);
public void DemoStop() => WriteEvent(2);

public static DemoEventSource Log = new DemoEventSource();

}

if (DemoEventSource.Log.IsEnabled())
DemoEventSource.Log.DemoStart();

// thing that you care about

if (DemoEventSource.Log.IsEnabled())
DemoEventSource.Log.DemoStop();
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Regressions

Moshod: A00T (44 chis sampls, 10207%)

]

“Fracarit oot A7) e 56~

o

et o eon ] et

Wit e CPU Sl

el o Brgreson,

eyt 107

(4 Regression Report between and - a X
. A
Overweight report for symbols common between both files
Base (old) Time: 243.7
Test (new) Time: 304.8
Delta: 61.0
Delta %: 25.0
In this report, overweight is ratio of actual growth compared to 25.0%.
Interest level attempts to identify smaller methods which changed a lot. These are likely the most interesting frames to sart investigating
An overweight of greater than 100% indicates the symbol grew in cost more than average.
High overweights are a likely source of and rep good places to i 2
Only symbols that have at least 2% impact are shown.
Name Baze Test [Deita e Pousibility Overweight luterest
% % Level
system.runtime.serialization. formatters.il!
System Runtime Serialization. Formatters Binary. jectWithMapType ! 109.0 40.0 -69.0 -113.08 25287 6
System Runtime Serialization Formatters Bmary BmaryHeadermm)
coreclr! Thread: :StackWalkFrames 10 508 498 {8155 19877.52 S
0 448 7336 1788021 5
coreclr!WKS::GCHe: 40 200 3278 199731 S
S)MRWM.: hdﬂﬁmﬁ;ﬂ.gmfmm.Sm)n!:moumenns.Bnm,obJemRndu.Puse(clm 560 10 -55.0 -90.14 392,33 5
system.runtime.serialization formatter.il!System Runtime Serialization. Formatters Binary ReadObjectinfo. GetObjectinfo | -y g0 g3 s &
(chss Syslemkunmne Semhunon Formatters Binary.SerObjectinfolnit) P
initi Object 10 60 50 8.19 1997.31 4
40 150 110 18.03 109852 4 v

coreclrJIT NewArrl
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dotnet trace

* Cross platform

* NET Core 3.0+

* No need to run as Admin|sudo
* Lacks native call stacks
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Simple commands

* dotnet tool install --global dotnet-trace

 dotnet trace list-processes

* dotnet trace collect -p Spid

* dotnet trace convert SinputFile --format speedscope
* dotnet trace collect -p Spid --format speedscope

41



PerfCollect

* Script, located at https://aka.ms/perfcollect
* Has an excellent docs

» PerfCollect uses perf, which gives you native callstacks. dotnet-
trace can only give you managed callstacks.

* Knows how to install its dependencies
* Has a machine-wide scope

 PerfCollect can be started prior to the process start, whereas
dotnet-trace can only be attached to a running process.

* Produces a zip file that can be opened with PerfView

42


https://aka.ms/perfcollect
https://github.com/dotnet/coreclr/blob/master/Documentation/project-docs/linux-performance-tracing.md

Installation

curl -OL https://aka.ms/perfcollect
chmod +x perfcollect
sudo ./perfcollect install
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Sample Usage

$ ./corerun

$ sudo ./perfcollect collect slowStartsWith

./ProfilingDocs.dll
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When you find the bottleneck

* Try to get the big picture.

e Question the current design:
* Why do we do that?
e Can we use it less frequently?
* Does faster alternative exist?

* Architecture changes require more effort but can boost the
perf more than any micro-optimizations.
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You have an idea.
What is the next step?
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Correctness > Performance

* Make sure the code has good test coverage before you try to
tune the perf.

* Ask for a detailed code review:
* Explain your decisions, share the perf knowledge.
* Make sure your changes don’t affect the results.

* Don’t push on the reviewers.
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Example: string.StartsWith

Ll dotnet / coreclr @ Watch~ 1,012 o Unstar 12107 YFork 2849
Code ssues 2,007 1 Pull requests 166 Actions Projects 9 Wiki Security nsights

implement StartsWith and EndsWith as calls to e

CompareString for sliced string #26481

(& Conversation 2

< Commits 1 B Checks 53 [ Files changed 4 +10 -338 mmmw

Changes from all commits v File filter..~ Jumpto..~ &k~ 074 files viewed ®

> 16 NN ...stem.Private.Corelib/shared/Interop/unix/System.Globalization.Native/Interop.collation.cs [

v 230 MEEE src/System.Private.Corelib/shared/System/Globalization/CompareInfo.unix.cs [

stz 80 -498,15 +498,9 @@ private bool Startswith(string source, string prefix, Compare0pti oti
rEmpty (source));

rEmpty (p

efix));

ons.ordinal | Compareoptions.ordinallgnorecase)) == 0);

(source.length >= prefix.Length);

N a
f (_isAsciiEqualityordinal & Ca iordinalForoptions(options) &% sort())
return IsPrefix(source, prefix, Get 1 ns (options));
- e
turn Interop.Globalization.startswith( sortHandle, prefix, prefix.Length, source, source.Length, options);
. I eturn Comparestring(source.A (9, prefix.Length), prefix, options) == 0;

kevingosse on 2 Sep « edited ~ Contributor

I don't think you can make this assumption in the non-ordinal case.

Thread.CurrentThread.cCurrentCulture = CultureInfo.GetCultureInfo("fr-FrR");

string strl = "e";
string str2 = “"oe";

Console.WriteLine(stril.Startswith(str2, stringComparison.CurrentCulture));

This should print true even though str2.Length > str1.Length
b3

adamsitnik on 3 Sep Author  Member

let's say that this was not my best idea ;p
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string.StartsWith: Edge Cases
e e o

fr-FR ce

hu-HU  dz

pl-PL cz
o\u0308
0\u0000\u0308
\uD800\uDC00

b

(0)
\uD800

new string('a’, UInt16.MaxValue + 1)

True

False

True

False

True

True

False

False

False

False

False

True

False

True

Combining character
NULL (0) char
Surrogates

18y old bug in ICU
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You have an idea and good tests.
What is the next step?
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Benchmarks!

* Write benchmarks to validate the gains.
* Keep them and measure the perf over time!
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while (!goals.Achieved)

* Apply the optimizations

* Run the tests, verify the correctness
* Run the benchmarks, verify the gains
* Profile and analyze the data

52



Ssummary

* Have a small repro, try to narrow down the problem.
* Release + debug symbols

* Windows
* Development - Visual Studio Profiler
* Production - PerfView

* Linux
 dotnet trace — default choice
» PerfCollect — if you really need native call stacks or machine-wide

* Analyze
 Correctness over performance
* Use benchmarks to validate the gains
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Questions?
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Thank youl!

@SitnikAdam

Adam.Sitnik@microsoft.com



https://twitter.com/SitnikAdam
mailto:Adam.Sitnik@microsoft.com

