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«  CpeactBa cbopa meTpuK — 06bI4HO GUI npmaoxeHms

«  Cbop MeTpnK MOXET bbITb PECYPCOEMKUM U MPUBOAUTb K
3aMeaNEeHNIO MPUNOXKEHNS



| 1naH

*  MeTpuKM Mo NaMATU: YeM OTANYAKOTCA N KakK X cobupaTb
* Knacc Process B .NET: uto ¢ HUM He TakK

*  Performance Counters: UTo 3TO Takoe M KaK X rOTOBUTb
* .NET obépTka n eé HeaoCcTaTKu
*  OcobeHHOCTN HaTBHOTO API

*  ETW ans realtime-moHunTopuHra .NET npnaoxeHmnn
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cTopma oaHoro OutOtMemory

Working set

Private Working Set
Shared Working Set
Commit size

Paged pool
Nonpaged pool



ctopusa oaHoro OutOftMemory
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MeTpukn Mo NamMAaT NpoLecca

Private Bytes (Commit Size) — ckoibko 6aUT BblAENEHO NPOLLECCOM
var arr = new byte[10*MB];

Working Set — ckonbko 6anTt npouecca Haxoantca B RAM
for (var 1 = 0; 1 < arr.Length; 1+=4096)

arr[i] = 1;

Metpuku «lNamaTb» — He cyuiecTByeT



System.Diagnostics.Process

var process = Process.GetCurrentProcess();

var workingSet = process.WorkingSet64;
var privateBytes = process.PrivateMemorySize64;



System.Diagnostics.Process

var process = Process.GetCurrentProcess();
var before = process.PrivateMemorySize64;

var memory = new byte[10 * MB];

var after = process.PrivateMemorySize64;
double diff = (after - before) / (double) MB;
Console.WritelLine(diff);

// ©



System.Diagnostics.Process

var process = Process.GetCurrentProcess();
var before = process.PrivateMemorySize64;

var memory = new byte[10 * MB];
process.Refresh();
var after = process.PrivateMemorySize64;

double diff = (after - before) / (double) MB;
Console.WritelLine(diff);

// 11.5
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Process internals

Platform

12.027 ms
9.576 ms
9.750 ms

 Executes in a milliseconds

 GC overhead

Allocated
1417 KB
127 KB

3 KB

« May cause notable performance impact
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NtQuerySysteminformation

NtQuerySystemInformation(SystemProcessInformation,

*  Bo3BpawaeTt nHdopmMaumo No BCeM NpoLeccaM M NOToKam
°  SYSTEM_PROCESS_INFORMATION
*  SYSTEM_THREAD_INFORMATION

*  Process B .NET 4.7.1 co3paét 06bekTbl ANA BCEX CTPYKTYP
 class SystemProcessInformation
* class SystemThreadInformation

12



Process internals

- .NET4.7.2
Create SystemThreadInformation instances only for target process threads
« .NET Core

class -> struct

- NtQuerySystemInformation call is expensive

https://github.com/dotnet/corefx/pull/24198 13



https://github.com/dotnet/corefx/pull/24198

NtQuerySysteminformation slowdown

O(Process + Threads) time complexity

Threads leak
Zombie processes
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MOXHO n nyuLue?

[D11lImport("psapi.dll™)]

static extern bool GetProcessMemoryInfo(
IntPtr process,
out PROCESS MEMORY_COUNTERS EX ppsmemCounters,
int cb);

struct PROCESS MEMORY_COUNTERS EX {
IntPtr WorkingSetSize;

IntPtr PrivateUsage;
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Process internals

Platform

12.027 ms
9.576 ms
9.750 ms

526.400 ns

Allocated
1417 KB
127 KB

3 KB

© B
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Process internals

Platform

12027000.0 ns
9576000.0 ns
9750000.0 ns

526.4 ns

Allocated
1417 KB
127 KB

3 KB

© B
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Process internals: BbIBOAbI

*  Knacc Process HeadpdekTMBEH gna Yyactoro cbopa MeTpuK no
namAaTu

*  Klcnonb3oBatb HaTBHblIe APl — Heci1oXXHO
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MeTtpukin notpebnenms CPU

3agava: nocumtatb % 3arpy3km npoLeccopa NpoLeccom

Process(MyProgram)\% Processor Time
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Performance counters
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Performance counter’s

[1aroChl:

*  YHusepcanbHoe APl ana cbopa metpuk B Windows
*  Metpukm Windows/.NET Framework/custom
MwuHycCbI:

* Pa3zpaboTtaH nog rpadunyeckumn nHTepdenc

*  CnoxHoe API

*  HectabunbHbl
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Performance counter’s

Category(Instance)\Counter

Categories:

* Process

* .NET CLR Memory
* Physical Disk

* Memory
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Performance counter’s

Category(Instance)\Counter

Instances:

* Process * Physical Disk: < Memory:
* dotnet e 0C: * NO Instances
* devenv « 1D: E;

e svchost
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Performance counter’s

Category(Instance)\Counter

Counters:
* Process

* % Processor Time

» Working Set

* Working Set - Private
* Memory:

« Committed bytes

152 Task Manager
File Options  View

Processes Performance App history Startup Users

Mame

Apps (26)
& Google Chrome (75)
3 JetBrains Rider (16)

3 JetBrains Rider (27)

m Microsoft PowerPoint (2)

g Motepad++ : a free (GMU) source code editor

s

- O
Details  Services

9% A7%

CPU Memaorny

02% § 27845 MB

1,4% | 1450,1 MB

09% § 2562,8 MB

0% 1022 MB

0% 3,6 MB

24

0,1

L R e I e N e



Categories =

Counters —____

Instances =

Description

Add Counters

Available counters

Select counters from computer:

| <Local computer = b Browse...

—
UV EL TN I\.CIIIULIIIH- L ICLILICB-LB- UCIIIH Ll P v

9 PowerShell Workflow ¥
Print Clueue w
Process ~

S
%% Privileged Time

%& Processor Time

) %% User Time

Creating Process ID

Elapsed Time W

Instances of selected object:
fsnotifiers4 ~

) Idle

igfCUIService
igfEM
IntelCpHDCPSve
IntelCpHedSwe W
£ >

b Search

Add ==

Show description

Description:

Added counters

Cournter

Parent

Inst... Computer

Remove <<

Cancel

The total elapsed time, in seconds, that this process has been running.
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Performance counters

var pc = new PerformanceCounter(
"Process”,
"% Processor Time",
"MyProgram");

double value = pc.NextValue();

UTO MOXXeT NoOUTU He Tak?
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Performance counters

var pc = new PerformanceCounter(
"Process”,
"% Processor Time",
"MyProgram");

double value = pc.NextValue();

<< Exception

<< Exception
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BO3BpallaeMoe 3HayeHume

Process\’% Processor Time

oT 0% pno 100% ?

Bo3BpalwaeT 3HadeHue OoT © ao 100 * LogicalCores
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INnstance name

Process(MyProgram)\% Processor Time

MyProgram.exe
PID: 4004

MyProgram

MyProgram.exe
PID: 3760

MyProgram#1

MyProgram.exe
PID: 12600

MyProgram#2
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Performance counters

Process(MyProgram)\ID Process

var processCategory = new PerformanceCounterCategory("Process");
var instanceNames = processCategory.GetInstanceNames();

foreach (var name in instanceNames)
using (var pc = new PerformanceCounter("Process", "ID Process", name))
if ((int) pc.NextValue() == pid)
return name;

https://stackoverflow.com/questions/29922791/performance-counter-instance-name-vs-process-name 30



https://stackoverflow.com/questions/29922791/performance-counter-instance-name-vs-process-name

INnstance name

Process(MyProgram)\% Processor Time

MyProgram.exe

O m

MyProgram.exe
PID: 3760

MyProgram#1

MyProgram.exe
PID: 12600

MyProgram#2
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INnstance name

Process(MyProgram)\% Processor Time

MyProgram.exe MyProgram.exe MyProgram.exe
' PID: 3760 PID: 12600

m MyProgram#3 MyProgram#2
MyProgram MyProgram#1

O




Performance counters

[lepeco3gaém PerformanceCounter Ha KaXabln 3amep:

var pc = new PerformanceCounter(
"Process”,
"% Processor Time",
GetActualInstanceName(pid));

double value = pc.NextValue();
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Raw values

Process\% Processor Time
Bo3epalyaet O npw nepBoM BbI3OBE
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Raw values

Raw value

Performance counter type:
CounterDelta64
Timer100Ns

RawValuel|i] — RawValue|i — 1]

Valueli] = AL
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INnstance name

var pc = new DynamicPerformanceCounter(
"Process”,
"% Processor Time",
() => GetActualInstanceName(pid));

double value = pc.NextValue();
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Instance name — other way

[HKLM\System\CurrentControlSet\Services\Perfproc\Performance]
"ProcessNameFormat"” = 2
"ThreadNameFormat" = 2

App#1 -> App_{Process|D}

https://docs.microsoft.com/en-us/windows/desktop/perfctrs/handling-duplicate-instance-names
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https://docs.microsoft.com/en-us/windows/desktop/perfctrs/handling-duplicate-instance-names

Performance counters: BbIBOAbI

*  byabTe rotoBbl K MCKAKOUEHUNAM

* [lpoBepaunTe, uTo BO3BpaLLAET counter

* Instance name npouecca MOXeT N3MEHATLCH

* Performance counters moryt pabotatb HeCTabmabHO
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dotMemory: heap stats

B || ForeGC | | Detch | Kill Process © Collect Allocations © Get Snapshot By Condition

~ Total used 669.4 MB
Unmanaged memory 87.9MB
M Heap generation 0 42.7MB
M Heap generation 1 60.0 MB
@ Heap generation 2 4782 MB
@ Large object heap 667.1KE
T
0 5s 10s 155 2Now

v Allocation data collected
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NET Performance counters

NET CLR Memory
Gen 0 Heap Size
Gen 1 Heap Size
Gen 2 Heap Size
Large Object Heap Size

NET CLR Jit
# IL Bytes Jitted

NET CLR Exceptions

# Exceps Thrown
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NET Performance counters

var pc = new DynamicPerformanceCounter(
".NET CLR Memory", "Gen 2 Heap Size",

() => GetActualInstanceName(pid));
double value = pc.NextValue();
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NET Instance name

* Instance name cyLLecTBYOT B paMKax OHOMW KaTeropum
* B pa3Hbix kKaTeropusax Instance name MOXeT pa3nyaTbCs

* Process(App)\ID Process
* .NET CLR Memory(App)\Process ID

42



NET Performance counters

Ecan gna npouecca HeT .NET Instance name

« [lpouecc, cobmparowmm MeTpPUKM — 32-6UTHbBIN
«  3HaueHwne .NET CLR Memory\Process ID eLié He cobnpanock

Y10 Bbluncaget 3HaueHus gna kateropun .NET CLR Memory?
Garbage collector

43



Performance of performance counters

[MonyueHue Instance name ana npouecca:

Method Mean Allocated
Process 25.782 ms 3770 KB
.NET CLR Memory 1.750 ms 874 KB

300 processes (+100 managed), time per single iteration



Performance counters under the hooad

NET
~

?

AdvApi32.dll
RegQueryValueEx

<
Data Provider
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RegQueryValuekx

Process\ID Process via Registry API

RegQueryValueEx(
HKEY PERFORMANCE_ DATA,
"230 784",

cee);

* 230 —-"Process" Category ID
« 784 -"ID Process" Counter ID
Where is the Instance?

46



RegQueryValuekx cons

RegQueryValueEx:
* bonbwme buHapHble cTpykTypbl (~500 KB)
* MHOro ANWHUNX AaHHbIX

NET wrapper:
* Memory traffic
* Hes¢pdektmBHOe ncnosbsosaHme API

47



MSDN time

Using the Registry Functions to Consume Counter Data

"You should not use the registry functions to consume counter data.
Instead, you should use the Performance Data Helper (PDH) functions
to consume counter data." - MSDN

https://docs.microsoft.com/en-us/windows/desktop/perfctrs/using-the-registry-functions-to-consume-counter-data 48



https://docs.microsoft.com/en-us/windows/desktop/perfctrs/using-the-registry-functions-to-consume-counter-data

PDH — Performance Data Helpers

odh.dll
e

?

AdvApi32.dll
RegQueryValueEx

<
Data Provider

49



PDH: npumep

query = PdhOpenQuery()
counterl = PdhAddCounter(query, "Process(App*)\ID Process™)
counter2 = PdhAddCounter(query, "Process(App*)\Working Set")

PdhCollectQueryData(query)
PdhGetRawCounterValue(counterl, ...)

PdhCloseQuery(query)

50



PDH: performance

Obtain Process ID by instance name:

Method
Process
Process (PDH)
.NET CLR Memory
.NET CLR Memory (PDH)

Mean

Time per single iteration

Allocated

0 B
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Pdn

Bcé nm Tenepb xopoLo?
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Jlokanm3aums

* MMpouecc\% 3arpyxeHHoCcTu npoueccopa

* T[pouecc\Pabo4yuin Habop
* WcknwdeHna CLR .NET\I'nybuHa oT BblgaduM A0 3axBaTa
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Jlokanmsaum4

PdhAddCounter -> PdhAddEnglishCounter
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Pdh: performance

Obtain Process ID by instance name:

Method
Process
Process (PDH)
.NET CLR Memory
.NET CLR Memory (PDH)

Mean

Time per single iteration

Allocated

0 B
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| loyemy Kateropmsa Process - meJiieHHan

«  Performance Counters moryT nony4yaTb AaHHbIE U3
pa3HbIX UCTOYHUKOB (data providers)

° npOI/IBBO,CI,I/ITefIbHOCTb NCTOYHUKOB AdHHbIX - Pa3HaA

« [aHHble ans kateropun Process bepyTca 13
NtQuerySystemInformation
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3mepeHne 3arpyskm CPU 6e3 Performance Counters

[D11Import("kernel32.d11")]
static extern bool GetSystemTimes(out ...);

[D11Import("kernel32.d11")]
static extern bool GetProcessTimes(IntPtr hProcess, out ...)
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3mepeHne 3arpyskm CPU 6e3 Performance Counters

Method Mean

PdhCounter 3,057.1 us
WinApi 4.1 us

Time per single iteration



Performance of performance counters

Ha xocTte 3aKoOH4YMAacb NamMaThb
3anyLweHHble NPoLEeCcChl €€ He NoTpebasaroT

YTekna namatb aapa B Nonpaged pool ns-3a apavsepa ¢ 6arom

59



Performance of performance counters

3asava: cobpaTtb machine-wide MeTPUKK NO NaMATU —
NnamaATb A4pa, CUCTEMHbIE K3LLW

1) Performance counters in "Memory" category

2) WinApi:

[D11Import(psapi, SetlLastError = true)]

private static extern bool GetPerformanceInfo(
out PERFORMANCE INFORMATION pPerformanceInformation,
int cb

)s

60



Performance of performance counters

Method Mean

PdhCounter 43.319 us
ManagedCounter 331.758 us
GetPerformancelInfo 3,929.100 us

Time per single iteration



Performance of performance counters: BbIBO/b!

* He ncnonb3synte kateroputo Process
« (CpaBHMBaWTe pa3Hble cnocobbl cbopa MeTpuK
*  Wcnonb3zynte PDH, ecan ynépaunce B orpaHnyenmns .NET-o6€épTku

62



Performance counters is not enough

« 3apauva: cobpatb meTpukn no GC gna .NET Core npunoxeHus

* Het nogaepxkun co ctopoHbl .NET Core
NET CLR kateropumn — 1onbKk0 ansa .NET Framework

*  Bo3moxkHocTn Performance counters orpaHuuyeHbl
BO3BPATOM UMCIOBbIX 3HAYEHWUI
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Fvent Tracing tor Windows

64



Fvent Tracing for Windows

«  "The worst API ever made”
https://caseymuratori.com/blog 0025

«  "How the worse API (LTTng) is refined than the worst APl (ETW), how

to write a good interface”
https://www.codeblogbt.com/archives/7221
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https://caseymuratori.com/blog_0025
https://www.codeblogbt.com/archives/7221

Fvent Tracing for Windows

* Realtime (in memory) MOHUTOPWUHI/AOrTMPOBaHMe B Gan
*  Performance oriented
*  CbIpble bBUHapHble AaHHbIE

66



NET Events

*  GC Heap Stats (NET CLR Memory analog)

o GC Start
« GCENd

« @GC Start + GC End = GC Monitor

WARN [GC Monitor] Gen-2 GC occured which lasted
for 6.877 seconds.

https://docs.microsoft.com/en-us/dotnet/framework/performance/clr-etw-events 67



https://docs.microsoft.com/en-us/dotnet/framework/performance/clr-etw-events

Fvent Tracing for Windows

.NET CLR Provider

Realtime consumer 1

Kernel-Network Provider (=== SeSSiOn 1

: Realtime consumer 2
Custom Provider Session 2

68



EITW via .NET

Microsoft.Diagnostics.Tracing.TraceEvent

*  Managed-wrapper over ETW
*  "PertView from code”
* Predefined ETW event parsers

https://www.nuget.org/packages/Microsoft.Diagnostics.Tracing.TraceEvent/
https://github.com/Microsoft/perfview/
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https://www.nuget.org/packages/Microsoft.Diagnostics.Tracing.TraceEvent/
https://github.com/Microsoft/perfview/

Tracekvent library: example

TraceEventSession session = new TraceEventSession("...");

session.EnableProvider(ClrTraceEventParser.ProviderGuid);

ETWTraceEventSource source = session.Source;
source.Clr.GCHeapStats += data => ..

.

source.Process();

70



Tracekvent library: example

source.Clr.GCHeapStats += (GCHeapStatsTraceData data) => ...;

e class GCHeapStatsTraceData
« ObbekTbl GCHeapStatsTraceData nepemcnonb3yrorcs
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ETW Limits

* Machine wide session limit (64 on Win 10)
* Per-producer session limit (8)

Consumer 1

Session 1

Provider Consumer 2

Session 2 \

Consumer 3




ETW Session reuse

new TraceEventSession(
ETWSessionName,

TraceEventSessionOptions.NoRestartOnCreate)

{

StopOnDispose = false

s

/3



ETW: BbIBOAbI

*  YHuBepcanbHbIK cnocob cbopa managed memory MeTpuK A
NET Framework/.NET Core Ha Windows

* [lpousBoauntenbHaa .NET-o6€épTka
«  Machine-wide ammutbl konndectea ETW-o06bekToB
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CoBCeM KpaTko O Linux

» LTTng - Linux Tracing Toolkit next generation
* AHanor ETW
*  Ectb nogaep>kka co ctopoHbl .NET runtime

* Het .NET API ans realtime-MOHUTOpPUHra
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B5IBO/Ib|

«  CObop CNUCTEMHbIX METPUK HE TaK MPOCT, KaK KaXkeTcs

*  BcTtpoeHHble B .NET cpeactBa cbopa METPUK MOryT cO34aBaTb
HeXXenaTebHYH Harpy3ky Ha nNpuaoxeHue

« Performance counters — HeyaobHoe, HO nose3Hoe API, ecan ero
NpaBWJibHO FTOTOBUTb

*  C nomouwpbro ETW MOXHO peannsoBaTtb CNOXHbIe CLeHapumn
MOHUTOPUHra
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LINKS

*  Bruce Dawson blog
Making Windows Slower
24-core CPU and | can't (move my mouse/type an email)
Zombie Processes are Eating your Memory
https://randomascii.wordpress.com

*  Our PDH performance counters and other metrics libraries

https://github.com/vostok/sys.metrics.perfcounters
https://github.com/vostok/sys.metrics.windows

https://github.com/vostok/sys.metrics.etw

«  Samples and benchmarks
https://github.com/epeshk/dotnext-2018-sysmetrics
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