Chapter 1: Introducing C# 10.0 and .NET 6
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B Microsoft Visual Studic Debug Conscle =3 O x

Made up book name is written by Made Up Author. well worth reading!

C:\_book\c-9-and-.NET-5-High-Performance\CHO1\cHO1l_Books\CHO1l_Books\bin\Debug
\nhet5.0\CHO1 _Books.exe (process 25852) exited with code 0

To automatically close the console when debugging stops, enable Tools->Option
s->Debugging->Automatically close the console when debugging stops.
Press any key to close this window . . .

B8 Microsoft Visual Studio Debug Censole | = .|— O hod

Made Up Book

And Another Made Up Book

Yet Another Made Up Book

And Yet Another Made Up Book: Part 1
And Yet Another Made Up Book: Part 2
And Yet Another Made Up Book: Part 3

My favourite book by mMade Up Author is Made Up Book.

C:\_book\C-9-and-.NET-5-High-Performance\CHO1\CHO1_Re
cords\CHO1_Records\bin\Debug\net5.0\CHO1_Records.exe
(process 23440) exited with code 0.

To automatically close the console when debugging sto
s, enable Tools->0Options->Debugging- >Aut0mat1ca?1
ose the console when debugging stops.

Press any key to close this window




B8 Microsoft Visual Studio Debug Console | s .|— O >

Made Up Book

And Another Made Up Book

Yet Another Made Up Book

And Yet Another Made Up Book: Part 1
And Yet Another Made Up Book: Part 2
And Yet Another Made Up Book: Part 3

M% favourite book by Made Up Author is Made Up Book.
The

se books were originally published by mMade up Publ
isher Ltd..

C:\_book\C-9-and-.NET-5-High-Performance\CHO1\CHO1l_Re
cords\CHO1_Records\bin\Debug\net5.0\CHO1_Records.exe
(process 25628) exited with code 0.

To automatically close the console when debugging sto
s, enable Tools->0Options->Debugging- >Aut0mat1ca?1
ose the console when debugging stops.

Press any key to close this window .

B8 Microsoft Visual Studio Debug Censole | = .|— O hod

Made Up Book

And Another Made Up Book

Yet Another Made Up Book

And Yet Another Made Up Book: Part 1
And Yet Another Made Up Book: Part 2
And Yet Another Made Up Book: Part 3

M% favourite book by Made Up Author i1s Made Up Book.
The

se books were originally published by Made up Publ
isher Ltd..

Are Made Up Book and Made Up Book equal? Yes

C:\_book\C-9-and-.NET-5-High-Performance\CHO1\CHO1_Re
cords\CHO1_Records\bin\Debug\net5.0\CHO1_Records.exe
(process 11332) exited with code 0.

To automatically close the console when debugging sto
s, enable Tools->0Options->Debugging- >Aut0mat1ca?1
ose the console when debugging stops.

Press any key to close this window .
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Made Up Book

And Another Made Up Book

Yet Another Made Up Book

And Yet Another Made Up Book: Part 1
And Yet Another Made Up Book: Part 2
And Yet Another Made Up Book: Part 3

M% favourite book by Made Up Author is Made Up Book.
These books were originally published by Made up Publ
isher Ltd..

Are Made Up Book and Made Up Book equal? Yes

The product called Awesome-X 1is an Advanced Multi-Lan
guage IDE.

C:\_book\C-9-and-.NET-5-High-Performance\CHO1\CHO1l_Re
cords\CHO1_Records\bin\Debug\net5.0\CHO1_Records.exe
(process 16456) exited with code 0.

To automatically close the console when debugging sto
s, enable Tools->0ptions->Debugging- >Aut0mat1ca?1
ose the console when debugging stops.

Press any key to close this window . . .
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# Quick access =
CHO1_NativeCompilation.exe 31/07/2020 22:28 Application
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67,483 KB
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Chapter 2: Implementing C# Interoperability

The garbage collector’s management of object lifetimes.

Garbage Collection

Generations

New objects are added to generation 0

Generation contains the youngest and short-
Generation 0 lived objects such as local variables.

New Objects Added This generation is where garbage collection is

most active,

Generation 0 objects that survive generation 0 garbage collection are promoted to generation 1.

Generation 1 Generation 1 contains short-lived objects. It is a buffer between generation 1 and
Survived Generation 0 generation 2 objects.

Generation 1 objects that survive generation 1 garbage collection are promoted to generation 2.

Generation 2

. ’ Generation 2 contains long-lived objects such as static variables.
Survived Generation 1

Objects that survive generation 2 garbage collection, remain at generation 2.



BN Administrator, Command Prompt | = .|— O *

C:\WINDOWS\system32>"C:\Program Files (x86)\Microsoft visual
Studio\2019\Preview\VC\Tools\MSVC\14.28.29115\bin\Hostx64\x64
\dumpbin.exe" /exports user32.dl]

Microsoft (R) COFF/PE Dumper Version 14.28.29115.0

Copyright (C) Microsoft Corporation. All rights reserved.

Dump of file user32.dl1
File Type: DLL
Section contains the following exports for USER32.d11

00000000 characteristics
1B20969D time date stamp
0.00 version
1502 ordinal base
1215 number of functions
1004 number of names

ordinal hint RVA name

1504
1505
1506
1507
1508
1509
1510
1511
1512
1513

0002C0CO ActivateKeyboardLayout
0002C8A0 AddClipboardFormatListener
000330F0 AddvisualIdentifier
00087900 AdjustWindowRect

000160B0 AdjustwindowRectEx
0000FEAQ AdjustwindowRectExForDpi
0008D880 AlignRects

00087970 AllowForegroundActivation
0002B130 AllowSetForegroundwindow
000822E0 Animatewindow

Lo~k WNPREO




Create a new project

Recent project templates

BE Class library
&) Blazor Server App

Blank Solution

Class Library (NET Framework)

B9 Console Application
Empty Project
Excel VSTO Add-in

Neb Application

== ASP.NET Core Web App (Model-View-

- -
Controller)

¥ Console App (NET Framework)

|
|

Windows

3 Empty Project
Start from scratch with C++ for Windows. Provides no starting files.

Ce+ Windows Console

C PP
R

nal. Prints "H d" by default.

Ce+ Windows Console

CMake Pro
Build m

Ces Windows Linux Console

p Wizard

rdows app using a wizard

Desktop  Console  Library

Windows Android ios Linux Desktop

Library UWP  Games Mobile

oss-platform C++ apps that don’t depend on .sin or vexpro

£

Console

CHO2_MativeLibrary Property Pages

Configuration: | Active{Debug)

4 Cenfiguration Properties
General

Advanced
Debugging

VC++ Directories
C/C++

Linker

Manifest Tool

XML Document Generator
Browse Information
Build Events

Custom Build Step
Code Analysis

VY YV VTV

L

v General Properties

Platform:

xb4

[4 x

Configuration Manager...

Output Directory «A\\CH02_PInvoke\bin\x64\Debug\netcoreapp3.1 |+

Intermediate Directory

S{Platform)\S(Configuration)

Target Mame S{ProjectMame)
Configuration Type Dynamic Library (.dil})
Windows SDK Versicn 10.0 (latest installed version)

Platform Toolset

C++ Language Standard
C Language Standard

Qutput Directory

Visual Studio 2019 (v142)
Default (150 C++14 Standa
Default (Legacy MSVC)

rd)

Path to where the compiled program will be placed. Can include environment variables.

Cancel Apply
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Chapter 3: Predefined Data Types and Memory Allocations

B Select Microsoft Visual Studio Debug Console | = .|— O *

3

Chapter 3: 5trings are 1mmutable

greetingl=Hello, world!
Q ng2=Hello, world!
greetingl=Hello, world! Isn't life grand!
greetingl=Hello, world!




# Ci\Users\maranf\Downloads\High-Pe.. — O X
File View Help
'@ \UsersimaranfiDownloadsiHigh-PerformanceiHigh-Performance-Proc
- B MANIFEST The Stack
E. CHO3_DynamicPerformance
ml CHO3_DynamicPerformance.BenchmarkTests
P 5. i C
8 l CHOS_DynamlcPerformancg.Prografn . Ttems added
L i P class private auto ansi beforefieldinit t
h : : to the
F  _dynamicType : private object 3 K
- W .ctor : void() | stack grow
o Main : void{string[]) upwards
[F| Application
| starting
id la| point
memory
address
5 3
d < s | | Items added
=| .assembly CHO3_DynamicPerformance to the
heap grow
wer 1:0:0:0 v | | downwards
IT/_ _ | | The Heap
The Stack
Main(string[] ) The active method is placed in a stack frame on the stack
static void Main(string[] _}
{
intx=47;
string greeting = "Hello, world!";
var data = new Data();
h
Internal struct Data
data id {

Quantity publicint |d;

PurchaseDate public double Quantity;
greeting 0x01576649 public DateTime PurchaseDate
Id 20 i
Memory Address allocated at start up time. Everything below this address belongs to the heap.
And everything above this address is the stack
0x01576645




The Stack

Array:

Object 1 Memory
Address

Object 2 Memory
Address

Object 3 Memory
Address

Object 4 Memory
Address

Object 1

Object 2

Object 3

Object 4

Microsoft Visual Studio Debug Console
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B Select Microsoft Visual Studio Debug Console — O >

Autoca. @Y (CT =
B8 Microsoft Visual Studio Debug Console

If-vou-onen-the-Develoner-Command-Prombt-for-Visual-Studio-(V$)-2019-and-

# C\_book\C-9-and- NET-3-High-Perfo.. ™ — . x
File View Help

84y i _booklC-9-and- MET-5-High-Performancel CHO3WCHO3_BoxingAndl
b MAMIFEST
EI' CHO3_BoxingandUnboxing
Ell HO3_BoxingandUnboxing, Program
- B class private auto ansi beforefieldinit
b chor ; void()
o IMain : woid(skrini

Jassembly CHOS _BoxingandUnboxing ~
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/ CHO3_BoxingAndUnboxing.Program::Main : void{string(]) " — O >
Find  Find Mext
|-method private hidebysig static veoid Hain{string[] args) cil managed "
{
-entrypoint
/f Code size 265 (Bx189)

.maxstack &5
-locals init {int32 u_@a,

int32 u_1,
object U_2,
object U_3,
int32 u_u,
class [System.Runtime]System.Diagnostics.Stopwatch U_S,
int32 U_s,
bool U 7}
IL_888d: nop
IL 8881: 1ldstr "Chapter 3: Boxing and unboxing example.”™
IL_@886: call void [System.Console]System.Console::WriteLine(string)

IL_8a8b: nop

IL_@@Bc: 1dc.iks.A

IL_8eBd: stloc.@

IL_@88e: 1dc.is.2

IL_@aef: stloc.d

IL_@@18: 1dc.is.h

IL_@e11: box [System.Runtime]System.Int32
IL 8816: stloc.2

IL_8817: 1dc.is b

IL 8818: box [System.Runtime]System.Int32

IL_881d: stloc.3

IL_881e: newobj instance void [System.Runtime]3ystem.Diagnostics.Stopwatc
IL 8823: stloc.s us v

< >




Size in

Default

Name Nullable Min Value Max Value Notes
bytes Value
1 Yes false true/false
bool
byte |1 Yes 0 0 255
char 2 Yes 0 (\u0000) | 0 (0\uFFFF) 65535 (\uFFFF)
. 01/01/0001 31/12/9999 23:59:59
DateT :00:
atetime |8 Yes o0:00:00 | 01/01/0001 00:00:00 (31553789755999999999 ticks)
decimal |16 Yes 0 79228162514264337593543950335 | 79228162514264337593543950335
double |8 Yes 0 -1.7976931348623157E+308 1.7976931348623157E+308
enum 4 Yes 0 Grows
float |4 Yes 0 -3.4028235E+38 3.4028235E+38
int 4 Yes 0 -2147483648 2147483647
long 8 Yes 0 -9223372036854775808 9223372036854775807
sbyte 1 Yes 0 -128 127
short |2 Yes 0 -32768 32767
struct Variable
value | Grows
tuple
wint |4 Yes 0 0 4294967295
8 Yes 0 0 18446744073709551615

ulong




Chapter 4: Memory Management

B8 Microsoft Visual Studio Debug Console — O >
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tructor
Polly Parrot, Description: Cudly child's toy., Unit Pr
tor.
tor: Finalization.
. produ Q¢ ation 0
cal product: generation 1
Prod destructor: Fimalization.

nstructor
Mame: Polly Parrot, De iption: C child's toy., Unit Price:
1g managed r
ng unmanaged r
Product constr

t: generation 0
ng managed r
ng unmanaged res

i Task Manager - O X
Eile  Options  View
Processes Performance App history Start-up Users Details  Services
10% 45% 0% 0% 3%

MName Status CPU Memoary Disk MNetwork GPU | GPU engine Power usage Power usage trend

53| jetbrains-toolbox-helper.exe 0% 0.9 MB 0 MB/s 0 Mbps 0% Very low Very low &

8] Microsoft (R) Visual Studie Standard Cellector 0% 33 MB 0 MB/s 0 Mbps 0% Very low Very low

n Microsoft Excel 0% 36.1 MB 0 MB/s 0 Mbps 0% Very low Very low

n Microsoft Excel 0% 35.8 MB 0 MB/s 0 Mbps 0% Very low Very low

ﬁ Microsoft Excel 0% 36.1 MB 0 MB/s 0 Mbps 0% Very low Very low

n Microsoft Excel 0% 36.9 MB 0 MB/s 0 Mbps 0% Very low Very low

n Microsoft Excel 0% 37.0 MB 0 MB/s 0 Mbps 0% Very low Very low

K3 Microsoft Excel 0% 36.1 MB 0 MB/s 0 Mbps 0% Very low Very low

& Microsoft Excel 0% 36.2 MB 0 MB/s 0 Mbps 0% Very low Very low

& Microsoft Excel 0.3% 36.8 MB 0 MB/s 0 Mbps 0% Very low Very low

n Microsoft Excel 0% 36.7 MB 0 MB/s 0 Mbps 0% Very low Very low

ﬁ Microsoft Excel 0% 39.9 MBE 0 MB/s 0 Mbps 0% Very low Very low

=] Microsoft Network Realtime Inspection Service 0% 224 MB 0 MB/s 0 Mbps 0% Very low Very low

) Microsoft Office Click-to-Run (5x5) 0.1% 8.9 MB 0 MB/s 0 Mbps 0% Very low Very low

@ Microsoft OneDrive (32 bit) 0.2% 2.0MB 0.1 MBE/s 0 Mbps 0% Very low Very low hd

Fewer details End task




File

Q

1% Task Manager — O
Options  View
Processes Performance App history Start-up Users Details Services
A
CPU
o 598 Gria Memory 16.0 GB
Memory usage 15.9 GE
Memory
7.4/15.9 GB (47%)
Disk 0 ()
55D
0%
Disk 1 {l!] &0 seconds o
UsB Memaory compaosition
0%
Disk 2 (D)
UsB
0%
In use (Compressed) Available  Speed: 2133 MHz
Disk 3 (G:) 7.4 GB (793 MB) 8.5GB Slots used: 2of2
UsB ) ) Form factor: SODIMM
0% Committed Cached Hardware reserved: 124 MB
Ehermet 11.0/209 GB 8.4 GB
WMware Metwork ... Paged pool Mon-paged pool
S 0 R: 0Kbps
647 MB 595 MB
Ethernet v

@)

E___:' Fewer details

@ Open Resource Monitor




17l Task Manager

Eile QOptions  View

O CPU
37% 1.94 GHz

O Memory
11.0/15.9 GB (69%)

O Disk 0 (C)
S50
1%

(O Disk 1 (1)
USB
0%

O Disk 2 (D)
USE
0%

O Disk 3 (G)
USB
0%

() Ethernet
Vihware Metwork ...
St 0 F: OKbps

) Ethernet

Processes Performance  App history Start-up Users Details Services

A
Memory 16.0 GB
Memory usage 159 GB
60 seconds o
Memory compaosition
In use (Compressed) Available  Speed: 2133 MHz
10.9 GB (791 MB) 4.8 GB &ct < 2cf2

Form factor: S0DIMM
Committed Cached Hardware reserved: 124 MB
15.2/209 GB 4.7 GB
Paged pool Mon-paged pool
658 MB 612 MB
v

Fewer details \9 Open Resource Menitor

|& JetBrains dotMemory (Administrator)

A
(-]

Wl Import Workspace

ﬂ Import Dump

R ®

}‘ Preferences

New Session 4 Profile Application
|=_'¢ Attach E Standalone
Desktop or console application based on NET Framework
OF
[‘l.;l Remote E s
5-hosted web application
IIS Express
Recent S Express-hosted web application
Windows Service
FE Workspaces ﬁc: NET Windows service

WCF Service

Windows Communication Foundation service library

WinRT Application
Windows Store and Universal Windows Platform applications

_NET Process
Any [NET process started after you run the profiling session

.NET Core Application

Application:

[] Advanced

\net5.0-windows\CHO4_PreventingMemoryLeaks WinForms.exd]| ... |

Profiler Options

@ Control profiling manually
Collect memory allocation and traffic data from start €

) Control profiling via APl




I8 CHO4_PreventingMemoryLeaks.WinForms — JetBrains dotMemory (Administrator)

W / ,

Show unmanaged memory

Memory Snapshots

Z:::i:::’smingMEmmﬂﬁk&w,mmesm r_FT‘ Force GC Detach Kill Process. & Collect Allocations Get Snapshot By Condition Get Snapshot
_ used 161MB
Unmanaged memory 16.1 MB
Al GenOsince GC 0.0B
@ Hesp generation 1 1.3KB
Heap generation 2 2408
@ Large object heap (LOH 9.1KB
[ dinlOHsinceGC 0.0B
et Tt "t e e e e A n data co
0 5s 105 155 205 255 0s Bs 405 4Mow

1® Form1

Information

Raise Events

Progress:




1® 5000040 - 50000/50000 - O *
Raised Events (No Memory Leak): 50000, Alive Events: 0
Raised Events (Memory Leak): 50000, Alive Events: 50000
I '\ . E t
Event Raise: 09/12/2020 14:12:46
B CHO4_PreventingMemoryleaks WinForms - JetBrains dotMemory - o x
5 Analysis #1
:ﬁj‘:‘g : o Force GC Detach ‘ ® Collect Allocations H Get Snapshot By Condition ‘ ‘ Get Snapshot
Snapshot #2 ;3 —
All objects b,
2o 242.6K objects #~ Total used h
12.86 MB total size A Unmanaged memory 2
o W Allocated in Gen0 since G
: 2 4 Heap generation 1
W @ Heap genertion 2 2
: 8 Large object heap (LOH)
:: @4 Allocated in LOH since GC
W s e i " Totalsed 65118
_ Unmanaged memory 281ME
@ Allocated in GenOsince G 0.0B
B Hezp generation 1 8.1MB
.: M Heap generation 2 26.9MEB
M Large object heap (LOH) 1.9MB
@ Alocated in LOH sincs GC 0.0B

T P T T TR T P TR T T T T T R T T e e e e e ey oy~ Allocation data collected
05 505 12m 105 20 30s 405 MNow
|t w ™

) et il

Memory Snapshots Show unmanaged memory

Snapshot #1 ra Snapshot #2 &
[ 47.23 MB total | 4505 MB total
[[] 13.00 MB .NET. total [] 13.76 MB .NET. total
Il 11.85 MB .NET, used BN 12.86 MB NET, used
2167 K objects . 242.6 K objects
No unreachable objects No unreachable objects
No marked objects No marked objects
Memory traffic Memory traffic
Add to comparison Add to comparison

Snapshot Comparison Compare View memory traffic Compare with snapshot from another workspace

smapshot 1 [ Wi el [ 47718 s
snapshot 22 [ i e |57 e




I CHO4_PreventingMemoryLeaks.WinForms - JetBrains dothMemory -

22 Analysis #1
Profiling Inspections | Groupby:  Types Dominatars Similar Retention Instances Call Tree Call Tree (Icicle Chart) Back Traces
CHO4 PreventingMemoryLeaks WinForms....
Generations Shortest Paths
Snapshot #3
All ogjects Finalizable objects @ 82489 objects ! of 2 typels) found ene T
o= 182.4 K objects Objects that were queued for finalization or #z EventOne 0 19576
9.45 MB total size already finalized since the previous snapshot. It 4 Gen2GeCallback 2 0
might be more effective if these objects were
disposed via the IDisposable interface. <
Event handlers leak @ 5.04 MB retained by 60,000 objects Retained Size Count
Objects subscribed to an event of another object #: EventTwo 504 MB 60,000
and never unsubscribed from this event.
WPF binding leak ® No issues found.
Dependency property leak @ No issues found.
WPF collection binding leak © No issues found.
x:Name WPF leak @ No issues found.

Immediate Window * A X

Anonymous logout event handler
mous login event handler using a local meth

nonymous logout nt handler using a local methe

Anonymous login nt handler using a local metho




Chapter 5: Application Profiling and Tracing

m Cs9Dotnet3HighPerformance - CHO4_Finalization - 8 =
CHO4 Finalization + ~ T
Application
e N/A P N/A
Build
Build Events
All analyzers
Package
Debug What are the benefits of source code analyzers?
Signing Run on build
Run on live analysis
Resources
MET analyzers

What are .NET analyzers?

Enforce CodeStyle on build (experimental)
Enable .NET analyzers

Analysis Level | latest ~

Code Metrics Results

&1 | Filter: | None lin Vax 3
Hierarchy = Maintainability Index Cyclomatic Complexity Depth of Inheritance Class Coupling Lines of Source code  Lines of Executable code
Code Metrics Results ryAax
33 Filter: None ~| Min: Max: x| ﬁ
Hierarchy =~ Maintainability Index Cyclomatic Complexity  Depth of Inheritance  Class Coupling  Lines of Source code  Lines of Executable code
4 {} CHO4 WeakReferences -] 82 20 1 13 193 67
4 "5, Instrumentation -] 69 3 1 5 39 12
@ Measure(string, int, Action) : void -] 61 2 5 23 11
Q, WarmUp(Action) : void -] 100 1 1 9 1
4 "5, LongWeakReferenceObjectManager =] 92 3 1 3 16 4
#, Objects : List<ReferenceObject> =] 93 0 2 1 1
@ Add(ReferenceObject) : void -] 96 1 2 4 1
@ ListObjects() : void -] 84 2 3 6 2
4 "%, program -] 68 6 1 8 89 45
", StrongReferences : LongWeakReferenc [ 93 0 1 1 1
J"a WeakReferences : ShortWeakReference [ 93 0 1 1 1
@, Mainstring[]) : void ] 77 1 2 9 6
‘i’, TestLongWeakReference() : void -] 58 1 4 33 15
@, TestStrongReferences( : void =] 67 1 2 10 6
Q, TestWeakReferences() : void -] 63 1 2 14 9
Qa ProcessReferences() : void -] 70 2 4 13 7
4 "5, ReferenceObject =] 100 4 1 0 5 0
K 1d:int ] 100 2 0 1 0
# Name : string =] 100 2 0 1 0
4 “’g ShortWeakReferenceObjectManager =] 83 4 1 4 20 6
", Objects : List<WeakReference <Referer [ 93 0 3 1 1
@ Add(ReferenceObject) : void -] 93 1 3 4 1
@ ListObjects() : void =] 75 3 4 10 4



Error List A= .4

Entire Solution - Q 0 Errors 1 4 Warnings | @) 62 Messages E‘ Build = IntelliSense - Search Error List P~
Code Description Project = File Line | Suppression State -
B (1) @agmny USnESESREISEA MRS IR e gonoepars CollectionPerformanceBe... 37 Active
access instance data and can be marked as static
B ) e MSnET THISNEIIESIIUSECRSIR  aupe gomocpers CollectionPerformanceBe... 47  Active
access instance data and can be marked as static
57 e MSnES TR IS TAMEAS CESIH v gomecpors CollectionPerformanceBe... 57 Active
access instance data and can be marked as static =
M Cs9DotnetSHighPerformance - CHO4_WeakReferences.dmp - = 2%
-
. . A
Minidump File Summary
13/04/2021 21:07:55
A Dump Summary ~ Actions

Dump File

Last Write Time
Process Name
Process Architecture
Exception Code
Exception Information
Heap Information
Error Information

CHO4_WeakReferences.dmp : C\Temp\CHO4_WeakReferences.dmp
13/04/2021 21:07:55

CHO4_WeakReferences.exe : G:\_book\C-9-and-.NET-5-High-Performa
x64

0x80000004

A trace trap or other single-instruction mechanism signaled that one 1
Present

P Debug with Managed Only
P Debug with Mixed

P Debug with Native Only
@ Run Diagnostic Analysis

D Set symbol paths

|j—-| Copy all to clipboard

4 »

~ System Information

OS Version 10.0.19042
CLR Version(s) 6.0.21.15406
~ Modules
Search P
Module Name Module Version Module Path
CHO4_WeakReferences.exe 1.0.0.0 G:\_book\C-9-and-.NET-5-High-Performance\CHO...
ntdil.dll 10.0.19041.844 CAWindows\System32\ntdil.dll
kernel32.dll 10.0.19041.804 C\Windows\System32\kernel32.dll
KERNELBASE.dII 10.0.19041.804 CAWindows\System32\KERNELBASE.dII
apphelp.dil 10.0.19041.572 C\Windows\System32\apphelp.dil
user32.dll 10.0.19041.746 C\Windows\System32\user32.dll
win32u.dil 10.0.19041.867 CA\Windows\System32\win32u.dll
gdi32.dll 10.0.19041.746 CA\Windows\System32\gdi32.dll
gdi32full.dil 10.0.19041.746 CAWindows\System32\gdi32full.dll
msvcp_win.dll 10.0.19041.789 CA\Windows\System32\msvcp_win.dll
ucrtbase.dl| 10.0.19041.789 CA\Windows\System32\ucrtbase.dl|
shell32.dll 10.0.19041.844 CAWindows\System32\shell32.dll
advapi32.dil 10.0.19041.610 C\Windows\System32\advapi32.dll v




Modules

Search

~ REREI

Process

z

[
[
[

3280] CHO4_WeakRe...
3280] CHO4_WeakRe...
3280] CHO4_WeakRe...

3280] CHO4_ WeakRe...

Immediate Ctrl+G

] Locals

..'1 Breakpoints

.:5;'3 Exception Settings Ctrl+Alt+E
E> Output

{@} XAML Binding Failures

ﬂ Autos

(= Call Stack Ctrl+L

7. Threads

@ Show Diagnostic Tools Ctrl+Alt+F2

7 GPU Threads

|:] Tasks

= Parallel Stacks
Parallel Watch

Watch

DOM Explorer

B Live Visual Tree

&1 Live Property Explorer

[E] Modules

.:;; Processes Ctrl+Al+Z

@ Diagnostic Analysis Ctrl+Shift+Alt+D

P

Name AppDomain Address Path
System.Private.CoreLib.dll  [1] clrhost 00007FFC7C36000... C\Progra...
CHO4_WeakReferences.dll [1] clrhost 0000021EAT10000.. G\_book\.. No
System.Runtime.dll [1] cIrhost 0000021EA711000.. CM\Progra.. Yes
System.Console.dll [1] clrhost 00007FFCE619000.. C\Progra.. Yes

Ctrl+Shift+D, K
Ctrl+5hift+D, §

Optimized | User Code

Order =

ESNVERN )

*Aax

Version
6.00.21.154...
1.00.0.0
6.00.21.154...
6.00.21.154...
»

-



(e}

MHE B8

Immediate

Locals

Breakpoints
Exception Settings
Output

XAML Binding Failures
Autos

Call Stack
Threads

Show Diagnostic Tools
GPU Threads

Tasks
Parallel Stacks
Parallel Watch

Watch
DOM Explorer

Live Visual Tree

Live Property Explorer
Modules

Processes

Diagnostic Analysis

Ctrl+G

Ctri+Alt+E

Ctrl+L

Ctrl+Alt+F2

Ctrl+5hift+D, K
Ctrl+Shift+D, S

Ctrl+Alt+7
Ctrl+5hift+Alt+D



b csonotnetsHighPerformance - Report20210413-2135.diagsession - B X
- &
> Analysis Target
W Startup Project
Dﬂ‘ CHO4_Finalization
Change
Target ¥
Available Tools Show all toals
[] .NET Async ["] .NET Counters
Tool to investigate async/await usage in .NET applications Tool to visualize performance counters in .NET applications
NET Object Allocation Tracking ¢ [[1 CPU Usage
See where .NET Objects are allocated and when they are reclaimed See where the CPU is spending time executing your code. Useful
by the GC when the CPU is the performance bottleneck
[ Database [[] Events Viewer
Examine when gueries were executed and measure how long they See the events (ETW or NetTrace) that occurred during the session,
take such as log messages, exceptions and HTTP requests
1 Instrumentation [1 Memory Usage
Instrument your application to investigate exact call counts and call Investigate application memory to find issues such as memory
times leaks
m Cs9Dotnet5HighPerformance - Report20210413-2135.diagsession* = = 22
Report20210413-2135 jsession® # X -
E) Output | & Zoom In &, Reset Zoom | Clear Selectio
Diagnostics session: 11.314 seconds
I 255 5s 7.55 10s I
4 Live Objects (K)
9.6 9.6
0 ; 0
4 Object delta (% change)

100 100
0 0
-100 -100

Allocations Call Tree  Functions Collections
Show Other Types
GCa Collected Survived Top Collected Types
1 6519 3884
2 17 3892
3 2 3892
Top Survived Types
4 18 3897



M Cs9Dotnet5HighPerformance - Report20210413-2135.diagsession® - = X

Report20210413-2135

[® Output | & Zoom In €, Reset Zoom I,

Diagnostics session: 11.314 seconds

I 255 Ss 755 10s I
4 Live Objects (K)

9.6 I“I 96
0 J

0
4 Object delta (% change)
0L Time: 5.047s ey
Nearest data
Value: 0.00%
0 I 0
-100 -100

Allocations Call Tree Functions Collections
Show Just M] Show Nativ Filter types Backtrace: System.SByte[]

Type A Function Name Allocations Bytes Module Name

~
System.SByte[] System.AppContext.OnProcessExit() 1,264 0x18049930 - 0x180499ae

#3 System.String 2,164 CHO04 Finalization.Program.Main(System.String[l) n CHO4_Finalization.dll

%) System.Object(] 945 [ CHO4_Finalization.Program.Finalization() 792 CHO4_Finalization.dll

#3 System.Reflection.Run... 650 b System.Diagnostics.Tracing.EventListener.Dispo... 4 224 0x1804a180 - Ox1804a295

#; System.Diagnostics.Tr... 489 > CHO4_Finalization.Program.Disposing() 2 % CHO4_Finalization.dll s
w Cs9Dotnet5HighPerformance - Report20210413-2135.diagsession* = o £
Report20210413-2135.diagsession* + X -~ fi
Eb Output | & Zoom In €, Reset Zoom lection

Diagnostics session: 11.314 seconds

I 2.55 S5 7.5s 10s I

4 Live Objects (K)

9.6 9.6

0 el 0

4 Object delta (% change)

100 100
0 0
-100 -100

Allocations Call Tree Functions Collections
& Expand Hot Path «= Show Hot Path | | Show Just My Code | Show Native Code  Search P~
Function Name Total (Allocations) Self {Allocations) Self Size (Bytes) A
4 CHO4_Finalization.Program.DisplayGeneration(CHO04_Finalization.Product) 2 1 24
[ [External Call] System.String.FormatHelper(System.|[FormatProvider, strin... 1 1 76

4 [Allocations]

1 24
1 1 v

P CHO4 _Finalization.Program.InstantiateCbject(string)




m Cs9Dotnet5HighPerformance - Report20210413-2135.diagsession® = EE
Report20210413-2135.dia -
B Output | & Zoom In €, Reset Zoom 3, Clear Selection

Diagnostics session: 11.314 seconds

I 2.55 55 755 10s I

4 Live Objects (K)

9.6 9.6

0 ~ 0

4 Object delta (% change)

100 100
0 0
-100 -100

Allocations Call Tree  Functions Collections
Show Just My Code | Show Native Code  Search P~
Name Total (Allocations) Self {Allocations) Self Size (Bytes) = A
[» System.Private.CorelLib.dll 114 114 6,096
4 CHO4_Finalization.dil 349 77 4,034
[» CHO4_Finalization.Program.Finalization() 303 27 1,516
m.Main(System.String[l) 347 1,438
| [Type] System.SByte{] 19 952
# [Type] System.String 6 302
%31 [Type] System.Object(] 1 160
% [Type] CHO4 Finalization.FreeAllocatedMemory 1 24
[» CHO4_Finalization.Program.InstantiateLocalObject(string) 12 5 288 M



w Cs9DotnetSHighPerformance - Report20210413-2135.diagsession®

Report20210413-2135.di -~
[® output | & Zoom In € Reset Zoom ), Clear Selection

Diagnostics session: 11.314 seconds

| 255 55 7.55 10s |

4 Live Objects (K)

96 7 9.6

y
,f
0 il 0

4 Object delta (% change)

100 100
0 0
-100 -100

Allocations Call Tree  Functions Collections
Show Other Types

GCa Collected
1 6519
3 2
4 18

Top Collected Types

3897 M system.SBytell
M Internal. Win32 SafeHandles.SafeRegistryHandle
System.String
I System.Int32
B CHO4 _Finalization.Product

Top Survived Types

M System.String
M System.SByte[]
System.Reflection.RuntimeParameterinfo
M System.Reflection.Parameterinfo[]
> | | System.Reflection.RuntimeMethodinfo



& JetBrains dotMemory

New Session Y Profile Application

':._l(} Attach

I;l.;l Remote

IIS Express

ed web application

Recent

Windows Service
N

ra Workspaces

WCF Service
'ﬂ"; Launches Win ommunic
CHO4_PreventingMemoryL... @ Lo APPI‘(EU_D"_
- Wi du
n NET Process

') CHO4_PreventingMemorylL...

o CHO3_PassByValusAndRefe.

(CHO3_PassByValueAndRefe...

St

W Import Workspace
ﬂ Import Dump

ﬁ Preferences

[I] Help & Tutorials

o About

[] Advanced

NET Core Application

Apglication

“HO4_PreventingMemoryLeaks\bin\Release\net5.0\CHO4_PreventingMemoryLeaksdll | .

Profiler Options
@® Control profiling manually

[] Collect memory allocation and traffic data from start 6
) Control profiling via APl

B CHO4_PreventingMemoryLeaks - JetBrains dotMemory

Profilin . . -
J Profiling session has finished
dotnet.exe (PID: 8628)
No issues detected No selection
=
s,
s
=
=
=
s
3
. ~ Total used 816 MB
Unmanaged memory 206 MB
= 4 Heap generation 0 248
5
8 Heap generation 1 T7.6 KB
= ~
4 Heap generation 2 13 K8 Total used
- 4 Large object heap (LOH) 19.2 KB Unmanaged memory
2 4 Allocated in LOH since GC 0B B Heap generation 0
=" UTC Dateftime ~ 29/10/2020 19:54:33 B Heap generation 1
Click to sel M Hezp generation 2
B 1=rge object heap (LOH)
_ B Alocated in LOH since GC
. GC Time
' ' ' ' ' ' ' ' ' ' ' | ' ' .
200ms s 100ms 200ms 300ms 400ms 500ms 600ms 700ms B0Oms 900ms 25 100ms 200 + Allocation data collected
‘ e »
Memory Snapshots Show unmanaged memory
Snapshot Comparison Clesr | Compare View memory traffic Compare with snapshot from another workspace
p Y p: p p:




Bl JetBrains dotTrace Home - O X
L3 attachto Running app 4 Standalone Application [ Advanced
r- CHO3_PassByValueAndReference.exe X i iEEET
[ profile Local App net5.0 = | ¢ book\C-9-and- NET-5-High-Per HO\CHO3_PassBy \Gin\D{ . |
Sampling, Real time (CPU instruction), Collect profiling data from start >

I;:I_;I Profile Remote App . .

Profiler Options

Profiling type ()

g
Wl Open Snapshot e measurement | time. Optimal for mo
l‘; Snapshots measurement number. Optimal for a im complexity
Line-by-line
Ad
'ﬁ‘; Launches
rformance data. Opti
PassByValueAndReferel

[I:I Help & Tutorials

) Cotet ot o s
}’ Preferences

& c\_book\C-9-and- NET-5-High-Performance\ CHO3\CHO3_PassByValueAndReference\ bin\Debug\net5.0\CHO3_PassByValueAndReference.exe - 29/10/2020, 21:07:33 - JetBrains dotTrace Performance Viewer - u] X

File Edit View Help

= HES R

LURCEN Overview ~ Source View

Threads (user/alll: 174 [ Show system threads
Main Thread

Source code is not available for a thread node

Subsystems

Subsystem Payload Assembly
! Special W 44.719% 77 ms
System code 25.85% 45ms
String 19.05% 33 ms
File 1/0 — 7.48% 13ms
Collections | 343%59ms

C:\_book\C-3-and-.NET-3-High-Performance\CHO3\CHO3_PassByValu €\bin\Rel 5.00CHO3_| yValueAndReference.exe - 23/11/2020, 20:43:06 - JetBrains dotTrace Performance Viewer - [m] X

Edit View Help

AllCalls [oET Source View - CHO3_PassByValueAndReference.Program.
% Threads (user/all):: 1/4 [ Show system threads [ Program.cs @ Decompiled source
1 4P MainThread - 178 ms [ show IL code
| T o 42.84% [Native or optimized code] - 76 ms . .
" CH0: B | static void Main(string[] args) -
= 14.96% Writeline - 27 ms - System.Console. ring) 8 {
= 6.86% Format « 12ms » System.String.Format(String, Object) 9 int x = 85
"i‘l B 16.82% ProcessStartupHooks » 30 ms » System.StartupHookProvider. ProcessStartupHooks 10 Console.WriteLine("Chapter 3: Pass by value and reference”);
I 15.17% Setup = 2T ms « System.AppContextSetup(Char™, Char**, Int32) 1 Console.uriteLine($" ")s
» 12 Console.liriteLine(3"int x = @;");
13 AddByvalue(x);
14 Console.liriteLine(3"  AddByvalue(x): {x}");
15 addByReference(ref x);
16 Console.liriteLine(3"AddByReference (x): {x}");
17 InParametertodifier();
18 OutParametertodifier();
18 } ~

Subsystems

Subsystem Payload
System code 4449% 20 ms
String 42.19% 19.ms
User code 1 13.32% 60ms




BN Administrator: Developer Command Prompt for VS 2019

ool ins

11 --glebal dotnet-count

BER® Administrator: Developer Command Prompt for VS 2019

ing ] count
Starting a count
File count

Timestamp |Provider

22/11/2020 20:38 System.Runtime
22/11/2020 20:38 System.Runtime
22/11/2020 20:38 System.Runtime
22/11/2020 20:38 System.Runtime
22/11/2020 20:38 System.Runtime
22/11/2020 20:38 System.Runtime
22/11/2020 20:38 System.Runtime
9 22/11/2020 20:38 System.Runtime
10 22/11/2020 20:38 System.Runtime
11 22/11/2020 20:38 System.Runtime
12 22/11/2020 20:38 System.Runtime
13 22/11/2020 20:38 System.Runtime
14 22/11/2020 20:38 System.Runtime
15 22/11/2020 20:38 System.Runtime
16 22/11/2020 20:38 System.Runtime
17 22/11/2020 20:38 System.Runtime
18 22/11/2020 20:38 System.Runtime
19 22/11/2020 20:38 System.Runtime

W ~N oWV bW N =

Command Prompt
' ation

—-pro
onitoring all counters
This file will be

D Seorch =

Counter Name

CPU Usage (%)

Working Set (MB)

GC Heap Size (MB)

Gen 0 GC Count (Count / 1 sec)

Gen 1 GC Count (Count / 1 sec)

Gen 2 GC Count (Count / 1 sec)

ThreadPool Thread Count

Monitor Lock Contention Count (Count / 1 sec)
ThreadPool Queue Length

ThreadPool Completed Work Item Count (Count / 1 sec)
Allocation Rate (B / 1 sec)

Number of Active Timers

GC Fragmentation (%)

Exception Count (Count / 1 sec)

% Time in GC since last GC (%)

Gen 0 Size (B)

Gen 1 Size (B)

Gen 2 Size (B)

by default.

ritten.

s
D E

Counter Type Mean/Increment
Metric 0
Metric 20
Metric 0
Rate 1
Rate 1
Rate 1
Metric 2
Rate 1
Metric 0
Rate 2
Rate 50496
Metric 0
Metric 41.08559694
Rate 0
Metric 0
Metric 24
Metric 71392
Metric 80328




BN Select Administrator: Command Prompt — [m} b

(c) 2020 Microsoft Corporation.-A11 r%ghts reserved.

C:\WINDOWS\system32>dotnet-counters ps
5364 CHO04_weakReferences c:\_book\C-9-and-.NET-5-High-Performance\
CHO4\CHO04_weakReferences\bin\ReTlease\net5.0\CHO4_weakReferences.exe

C:\wINDOws\system32> |}

EX Administrator: Developer Command Prompt for VS 2019 - dotnet-counters monit... — O x

p to pause, r to resume, g to guit.
Catus: Running

m. Runtime]
Time in GC since la:
Allocation '
CPU Usage
eption C {
Fragmentation
Heap Size (MB)
0 GC Count (Count /
size (B)
GC Count (Count /
Size (B)
GC Count (Count /
Size (B)
IL Bytes Jitted (B)
LOH Size (B)
Monitor Lock Contention Count (Count /
Number of ive Timers
Number of emblies Loaded
Number of Methods Jitted
POH (Pinned Object Heap) Size (B)
ThreadPool Completed Work Item Count (Count [
ThreadPool Queue Length
ThreadPool Thread Count
Working Set (MB)

[ =]

[N,

'_l.
(W)

3

=T

%]
N

[ %]
JN N

D e

J

J

Fod
3 e Ll LD E

J

J G

4

B




@ JetBrains dotMemory

New Session
':'¢. Attach

@ Local

I'=I.;I Remote

Recent
ra Workspaces

'¢'} Launches

0 CHO4_PreventingMemo...

MET Core

CHO4_PreventingMemo...
o L
4ET Core
ml Import Workspace
ﬂ Import Dump

4" Preferences

[I] Help & Tutorials

Profile Application

E' Standalone
Deskiop or console application based on NET Framewark

NET Core Application

5-hosted web application

IIS Express
S Express-hosted web application

Windows Service

NET Windows service

'WCF Service
Windows Communication Foundation service library

WinRT Application
Windows Store and Universal Window

Platform applications

NMET Process
Any NET process started after you run the profiling session

o

.NET Core Application O
Application:
G\ book\C-9-and-NET-5-High-Performance\CHOS\CHOS_Gam| .. |

Profiler Options
® Control profiling manually

Collect memory allocation and traffic data from start &
) Control prafiling via API

ﬂ Attach to CHO5_GameOfLife - JetBrains dotMemory

G © + 7 Analysis#l

Profiling

&
CHO5_GameOfLife.exe (PID: 49264)

[

No issues d

Force GC Detach Kill Process

I Get Snapshot E?

1154K8

103Ke
391.1K8
317.2K8

since GC 008

Memory Snapshots

Show unmanaged memory



B Game of Life

B Attach to CHO5_GameOfLife — JetBrains dotMemory

_i’*)ﬁ

b/

USED COUPONS

Profiling ‘ = " . + ‘ ‘ =
o )| | = | [ roweoc Detach | | KilProcess BY Get Snapshot | | KGR
< 1/1 > HighGC pressure: 79% at4m9s v Selected: 5.625s GC Time: 44195 78.6 % 28 Allocated: ~5.97 MB
- ol ed 153.5M8
@l Unmanaged memory 1088 M8
2 @ Heap generation 45MB
EH 18Me
346ME
37MB
- ated in LOH since GC 008
Bl GCTime
A g A N e TS e R O (D0 T DAL, e vl s it
) i ,
Memory Snapshots Show unmanaged memory
n #1 P Snapshot #2 P ~ Snapshot #3 7
I 127.70 MB total I 127.16 MB total 15644 MB ot
[] 37.89 MB NET. total [Z] 37.71 MB .NET. total - [ 4674 MB NET 1ot 1
W 3525MB NET used BN 3525 MB NET. used B 3535 MB NET used
Objects: Objects: ! Objects
5586 Klive o 5587 Klive | . 5594Klive
7.7 K un ble 27.7 K unreachable $ 27.7 K unreachable |
No marked . No marked 2 ¢ 8 Nomarked 1
Memoty alliications I] Meiiony allcchtions | Memory allocations.




Memory Snapshots Show unmanaged memory

Objécts:

= CHO5_GameOfLife - JetBrains dotMemory

A Home =~ <& Analysis #1

Here you can view how many objects were created and collected during the selected timeframe. @

Filter: | Filter by namespaces, types, arrays, and generic arguments. Type !g to exclude generic args from

Snapshots comparison
Snapshot #1 WEREES Group by:  Namespace Assembly Inter Survived objects  New objects  Dead objects
Snapshot #2
All 252,330 101,225 101,239
ﬂﬂ 101.2 K new objects (5.04 MB) . )
1012 K dead objects (5.03 MB) ‘i: RenderData (System Windows.Media) 4132 9,673 9,673
252.3 K survived objects (17.00 MB) ’l; EllipseGeometry (System.Windows.Media) 4124 9,671 9,671
! b EffectiveValueEntry[] (System.Windows) 17,969 9,674 9,674
& CventHandler (System) 4170 9674 9,681
! 0 Byte[] (System) 4203 9,673 9,673
*+  ThreeltemList<Object> (MS.Utility) 4128 9,672 9,672
2 Double (System) 35,806 19,342 19,342
Plain List Group by: I!M Assembly Interface Survived objects . Newobjects  Deadobjects  Objectsdelta Survived bytes . Newbytes ~  Deadbytes  Bytesdelta
All 249,621 103,951 103,902 49 17,650,871 5,460,726 5,424,282 36,444
b {} System 161,748 80,132 20,060 72 13,977,999 4,535,530 4,500,458 35072
b {}y Ms 73,930 10,024 10,047 -23 3,004,360 483,756 482,384 1,372
4 {} CHO5_GameOflife 13,801 13,795 13,795 663,904 441,440 441,440
4% Cell (CHO5_GameOfLife) 13,795 13,795 13,795 441,440 441440 441,440
#% App (CHO5_GameOfLife) 1 208
#3 MainWindow (CH05_GameOfLife) 1 720
'\: Grid (CHO5_GameOfLife) 1 56
41 Cell[] (CHO5_GameOflife) 2 220,800

¢



dotMemory 2020.3.4 [ x|

() Open "Survived Objects” in the older snapshat

® Open "Survived Objects” in the newer snapshot

] 4 Cancel

Outgoing References Key Retention Paths Incoming Referen

Here you can view key paths to roots for the instance. The graph shows only

%2 AdWindow

: _target
& EventHandler

Tick

#z  DispatcherTimer

2 unigue branches

. [ _target

‘i; b DispatcherTimer[4] & DispatcherOperationCallback
_items _method

'L: List<DispatcherTimer> ﬁ: DispatcherOperation

: _timers _data

'1; Dispatcher ’E: Priorityltem<DispatcherOperation =

Dispatcher,_tlsDispatcher
Static reference

_priorityPrev
% Priorityltem<DispatcherOperation>
8x Regular local variable item
‘ES DispatcherOperation
_operation
't: DispatcherTimer

_timer

‘r; MainWindow

4Ax Reqular local variable



Outgoing References Key Retention Paths Incoming References Creation Stack Trace Shortest Paths Merged Shortest Paths
Here you can view what objects are referenced from the instance as well as values of instance’s fields. @
Type Address References count Bytes Retained bytes
4 *y  DispatcherTimer (System.Windows.Threading) 0000017=2£807188 4 20 6,176
b &  Fields
4 & Tick EventHandler (System) 0000017e2£8071£0 1 64 6,072
4 @ Fields
2 _methodPir Inte4 140,715,014,550,256 = OxTFFAC4T4F2F0
! _methodPtrAux Inte4 0 = 0x00
id _invocationCount Int64 0 = 0x00
4 %y _target AdWindow (CHO5_GameOfLife) 0000017e2£7£b0d8 1 680 6,008
I @ Fields
#: _dispatcher Dispatcher (System.Windows. Threading 0000017e2eBfe4cO 15 232 1,904
I %z _dType DependencyObjectType (System.Windc 0000017e2£7£b400 2 40 40
id o _effectiveValues FffectiveValueEntry[24] (System Windows) 0000017e2fbf5af0 19 408 248

Qutgoing References Key Retention Paths

Here you can view the stack trace responsible for creating the instance. Calls are shown starting from the last call that directly created the instance descending to the first call in the stack.

Incoming References Creation Stack Trace

Shortest Paths

Merged Shortest Paths

Function
*s AdWindow.ctor{Window)
& MainWindow.StartAd()
] MainWindow.Button_OnClick(Object, EventArgs)
@ FventRoute.nvokeHandlersimpl{Object, RoutedEventArgs, Boolean)
@ UlElement.RaiseEventimpl(DependencyObject, RoutedEventArgs)
@ ButtonBase.OnClick()
@ Button.OnClick()
] ButtonBase.OnMouseleftButtonUp(MouseButtonEventArgs)
[-] UlElement.OnMouseleftButtonUpThunk(Object, MouseButtonEventArgs)
L] MouseButtonEventArgs.InvokeEventHandler(Delegate, Object)
] RoutedEventArgs.InvokeHandler(Delegate, Object)
] EventRoute.InvokeHandlersimpl{Object, RoutedEventArgs, Boolean)

Namespace
CHO5_GameOfLife
CHO5_GameOfLife
CHO5_GameOfLife
System.Windows
System.Windows
System.Windows.Controls.Primitives
System.Windows.Controls
System.Windows.Controls.Primitives
System.Windows
System.Windows.Input
System.Windows

System.Windows

Plain List Group by: Assembly Interface
© {} System
{3 Ms
4 {} CHO5_GameOfLife
%3 Cell CHD5_GameOflife
*30Cell,] CHO5_GameOflife
’l‘: AdWindow CHO05_GameOfLife
%3 App CHOS5_GameOfLife
%3 Grid CHO5_GameOfLife
%3 MainWindow CH
{} Microsoft

{} <CpplmplementationDetails>
{} global:
{} Internal

{} <CrtimplementationDetails>

Objects ~
432,581

98,791
27,596
27,590
2
1

1
1
1
280

113
16

Bytes Minimum retained bytes
31833342 3,59,25,178
40,97,180 1,12,77,070
11,05344 12,21,078
8,82,880 882,880
2,20,800 11,03,680
680 2544
208 1,560
56 12,14,136
720 2,838
27,192 27,50,790
3,288 3,288
952 952
112 112
32 200




B JetBrains dotTrace Home

Ld atrach o Running App - 4 Profile Application

@ Profile Local App m Standalone
Desktop or console application based on NET Framewark

I;l.:l Profile Remote App

s

IIS-hosted web application

IIS Express.

IIS Express-hosted web application

Wl Open Snapshot

Windows Service
£% _NET Windows service
r; Snapshots
WCF Service
Windows Communication Foundation service library

@ WIinRT Application

Windows Store and Universal Windows Platform applications

'ﬂ"; Launches

CHO8_Networking
o NET Core
NET Process
Any NET process started after you run the profiling session

Unity Application
Unity editor or standalone application

ny
S Mono Application
Desktop or consale application based on Mano
E]:l Help & Tutorials @

ﬁ Preferences

NET Core Application (] Advanced

Apglication:

‘ G\_book\C-9-and- NET-5-High-Performance\CHO5\CHO5_Batc

Profiler Options
Profiling type (7 :

Sampling
Accurate measurement of call time. Optimal for most use cases

Tracing
Accurate measurement of calls number. Optimal for analyzing
algorithm complexity

Line-by-line
Advanced use cases only

Collect profiling data from start

CHOS5_BatchFileProcessing.exe
%64 | Cor=CLR vE.0.0.0 | pid=8580

Get Snapshot and Wait Open snapshot immediately

Processes (1)

Errors

Realtime Da ++ Snapshot Mermory CPU

1 1 T 1 1 1 1 1 1 T 1 1
Tm |55 |‘ID5 |155

3

B MainWindow

Mo files selected

& Animation for checking Ul freezes

x




B MainWindow *

All files were processed succesfully

Process Files

« Animation for checking Ul freezes

JetBrains dotTrace Timeline Viewer - X
File Edit View Help

Filters P Bl CHOS_Bat Processing + ~ | Call Stack >3 x
v Events @ 1 fiter applied (clear all) : .NET ThreadPool Worker x Hotspots ©)
s " ;
©® Not Selected 1954 ms MCPU28% o GCWait 0.03% M Ulfreeze M Filtered intervals || = 120 OWnSystems /Total time
i Search methods 0 1
O .NET Memory All.. 0.1M8  out @ in | ]| | Search methods X
SRR o = jim 98.4% Stack traces without user methods » 1923 ms
gt ; e = p“' . 15% +29 ms /30 ms « CHOS_BatchFileProcessing FileProcessor.ProcessFiles(Object, DoWorkEventArc .
O Garbage Collection g ’
O JIT Compilation 45ms ¥ Native cod -
g 3 . 5 D Neme ms % 1 | e— <Y
O File erations .1 ms ~
. [ 30756 Main 89,236 ms Call Tree G
v Interval Filters @ Q Backtraces |l Flame graph
16044  Finalizer 88,637 ms

ms % | O 4 F100% AllCalls+1954 ms
Ul Freeze CLR Worker 18705ms 4156 % ProcessFiles » 30 ms - CHOS_BatchFi FileF g Files(Object, D g
Tasks T _NET ThreadPo... 1954 ms ! S081% ReadAllLines « 16 ms - System.IO FileReadAllLines(String)

D) 24312 .NET ThreadPo... 1951 ms ! S0.58% WiteAllLines 11 ms « System.IO File WriteAllLines(String, String)

v Thread State & »0.05% EmKeyPress « 1.0 ms « CHOS_Batc! il g 50

ms %  []42664 .NET ThreadPo... 1943ms S — .
@ Not Sel... 1954 ms Source View v x
O Running 53ms 27
O Waiting 1901 ms 973
v Subsystems @

ms %
[ * Nativec 1897ms 971
Oear 45ms 23
[JeFilel/O Sims 03’ No source code available

[ ° Systemco 48ms 02
M ellcarcoda 10ms  0.05

[ Visible Threads - |

1,954 msin 1 interval at 1 thread

B JetBrains dotTrace Timeline Viewer - g p
File Edit View Help

3 P ~ | Source View B Y
@ | 4fiters applied (clearall): Selected 89,146 ms % .NET ThreadPool Worker X Ul Freeze X Tasks X
@ Not Selected M CPU28%  f GCWait 0.03% M Ulfreeze M Filtered intervals
O NET Memory Allocatio... || out [} nlmme S e o PR
O Debug Output 0 i “1‘05 K |ZUs ‘305 ‘405 ‘50% ‘11’\ ‘1‘05 !205 " )
O Garbage Collection
O JIT Compilation -
D Named ms %
O File Operations
[ 24312 .NET ThreadPool Gate
v Interval Filters  clear @
% [J 14500 .NET ThreadPool Worker

ms

Ul Freeze 42664 .NET ThreadPool Worker
[ 21308 CLR Worker

v Thread State @ || 16044 Finalizer

ms % || (30736 Main
Py I L No source code available
O Running
O Waiting
Vv Subsystems (©)

ms %

Visible Threads ~

12764 .NET ThreadPoo... 1 thread




> Events @

# Interval Filters @
# Thread State clear (7)
? Subsystems @
> Waiting: Activated By @

Call Stack

Methods and Subsystems under "Ctor’ )]

= M  Ownd / Total allocations

Search methods Fal |
100 % Ctor = 1.7 MB = System.String.Ctor(Char[])

String o

Call Tree @

@ i i Flame graph

F 100 % Ctor = 1.7 MB - System.String.Ctor(Char[l)
Reverse » CHO5_BatchFileProcessing. StringReverser.Reverse()
ProcessFiles » CHOS5_BatchFileProcessing, FileProcessor.ProcessFiles(Object, DoWerkEventArgs)
+ OnDoWork = System.ComponentModel. BackgroundWorker. OnDoWork{DoWorkEventhrgs)
Task scheduled
= ntdll.dll
btnProcessFiles_Click « CHOS_EatchFileProcessing MainWindow.btnProcessFiles_Click(Object, RoutedEventArgs)
+ InvokeHandlerslmpl « System.Windows.EventRoute. InvokeHandlersimpl{Object, RoutedEventéArgs, Boolean)
Main = CHO5_BatchFileProcessing. App.Main()

= corecir.dil




Source View - System.String.Ctor
Show IL code | Open in Visual Studio
7al A
Jaz [DynamicDependency (" Ctor(System.Char[])")]
Jas [MethodImpl(MethodImplOptions.InternalCall)]
Je4 public extern String(char[]? value);
7as
796 private
7a7 #nullable disable
7a8 string Ctor(char[] wvalue)
709 {
718 if (value == null || value.Length == 8)
! .maxstack 3
*: .locals init (
. [@] string str,
*: [1] native unsigned int length
")
*: TL eass: ldarg.l M "walue!
* IL @@dl: brfalse.s IL_eea7
711 return string.Empty;
. IL @e83: ldarg.1 /f "walue!
*: TL @s84: ldlen
*. IL @8@85: brtrue.s IL_aeed
*: TL eea7: ldsfld string System.String::Empty
*; IL 88B8c: ret
712 string str = string.FastAllocateString(value.Length);
. IL @edd: ldarg.1 /f "walue!
*: TIL @s8e: ldlen "

7 filters applied (clear all} : Timestamp 51,377 ms x Running x Ctor x Tasks x .NET ThreadPool Worker x  File Operations x Ul Freeze x

ul CPU 25.0%  wd GC Wait D% W Ulfreeze M Filtered intervals
out [l in | e . |
e ... . ... (% PO, 040 (95 P 0s 130 ]
The purple lines represent Ul freezes ™|
L L1 B ] -— - - - LI ] -
D MName threads %
19200 Main

14780 Stylus Input

8948  CLR Worker ‘
11984 Garbage Collection

12764 .NET ThreadPool Worker '
[ 15696 CLR Worker



Call Stack

Methods and Subsystems @
= ,EE Ownd f Total allocations
Search methods 01

ProcessinProgress = 9.6 MB » CH05_BatchFileProcessing. MainWindow. ProcessinProgress(Object, ProgressChangedEventArgs)
0% InternalRealCall - 0 / 9.6 ME - System.Windows. Threading. ExceptionWrapper.InternalRealCall(Delegate, Object, Int32)
0% TryCatchWhen « 0/ 9.6 MB » System.Windows.Threading.ExceptionWrapper.TryCatchWhen(Object, Delegate, Object, Int32, Delegate)
0% Invokelmpl = 0 /9.6 MB - System Windows.Threading.DispatcherOperation.Invokelmpl{)
0% CallbackWrapper » 0 / 9.6 MB » M5.Internal.CulturePreservingExecutionContext.CallbackWrapper{Object)
0% Runinternal « 0/ 9.6 MB - System.Threading.ExecutionContext.Runinternal(ExecutionContext, ContextCallback, Object)
0% Run»0/9.6 MB » M5.Internal.CulturePreservingExecutionContext.Run(CulturePreservingExecutionContext, ContextCallback, Cbject)
0% Invoke - 0/ 9.6 MB - System.Windows.Threading. DispatcherOperation.Invoke()
0% ProcessQueue » 0/ 9.6 MB « System Windows.Threading. Dispatcher.ProcessQueue()
0% WndProcHook - 0/ 9.6 MBE « System.Windows.Threading.Dispatcher WndProcHook(IntPtr, Int32, IntPtr, IntPtr, ref Boolean)
0% WndProc«0/9.6 MB + M5.Win32 HwndWrapper.WndProc{IntPtr, Int32, IntPtr, IntPtr, ref Boolean)
0% DispatcherCallbackOperation - 0/ 9.6 MB - M5.Win32.HwndSubclass. DispatcherCallbackOperation(Ohbject)
0% Legacylnvokelmpl = 0 / 9.6 MB » System.Windows.Threading.Dispatcher.Legacylnvokelmpl{DispatcherPriority, TimeSpan, Delegate, Object, Int32)
0% SubclassWndProc « 0 /9.6 MB » MS.Win32.HwndSubclass.SubclassWndProc(IntPtr, Int32, IntPtr, IntPir)
0% PushFramelmpl = 0 / 9.6 MB » System.Windows.Threading.Dispatcher.PushFramelmpl({DispatcherFrame)
0% PushFrame - 0/ 9.6 MB - System.Windows.Threading.Dispatcher.PushFrame{DispatcherFrame)
0% Run = 0/9.6 MB « System.Windows.Threading.Dispatcher.Run()
0% RunDispatcher = 0/ 9.6 MB = System.Windows. Application.RunDispatcher(Object)
0% Runinternal « 0/ 9.6 MBE » System.Windows.Application.Runinternal(Window)
0% Run-=0/96 MB - System.Windows.Application.Run(Window)
0% Run=0/9.6 MB « System.Windows.Application.Run{)
0% Main« 0 /9.6 ME » CHO5_BatchFileProcessing.App.Main(}

User cade C§
|
Call Tree @
Q Backtraces | all Flame graph

4 100 % All Calls » 9.6 MB
4100 % Main « 9.6 MB + CHO53_BatchFileProcessing.App.Main()
5100 % Run 9.6 MB - System.Windows.Application.Run()
4 100 % ProcessinProgress - 9.6 MB - CHOS_BatchFileProcessing.MainWindow. PracessinProgress(Object, ProgressChangedEventlrgs)
100 % corecirdll » 9.6 MB

Call Stack

Methods and Subsystems ()

= # | Owni / Total allocations

Search methods el |
66.3 % Concat = 169 MB - System.String.Concat(5tring, String) A

28.5 % Reverse » 73 MB / 252 ME » CHO5_BatchFileProcessing.StringReverser.Reverse()
4.0 % ToCharArray = 10 MB » System.String. ToCharArray()
1.2 % ProcessFiles » 2.9 MB / 255 MB » CHO5_BatchFileProcessing. FileProcessor.ProcessFiles{Object, DoWorkEventArgs) ..

User code String - W

L ]

Call Tree )
Q Backtraces | all Flame graph

=100 % All Calls » 255 MB
4 100 % ProcessFiles » 255 MB » CHO5_BatchFileProcessing.FileProcessor.ProcessFiles(Object, DoWorkEventArgs)
b 98.8 % Reverse » 252 MB » CHO5_BatchFileProcessing. StringReverser.Reverse()
116 % corecir.dll - 2.9 MB
F0.04 % WriteAllLines « 0.1 MB » System.|O.File.WriteAllLines(5tring, |[Enumerable)

Call Stack | Source View - CH05_BatchFileProcessing.StringReverser.Reverse




Call Stack

Methods and Subsystems ':_’:I
= # Ownd / Total allocations ’
Search methods ol ] .

26.6 % Ctor » 9.9 MB » System.String.Ctor{Char{], Int32, Int32) i

19.7 % Ctor » 7.3 MB » System.5tring.Ctor(Char(])

10.1% ProcessFiles » 3.8 MB / 37 ME » CHO5_BatchFileProcessing.FileProcessor.ProcessFiles(Object, DoWorkEventlrgs)
5.7 % set Capaaty » 2.1 MB « System.Collections.Generic.List™1.set_Capacity(Int32)

2.7 % ToArray » 1.0 MB - System.Collections.Generic. List™1.ToAmray()

14 % AllocateUninitializedArray = 0.5 MB - System.GCAllocateUninitializedArray({Int32, Boolean)

0.5 % StringBuilder..ctor » 0.2 MB / 0.7 MB « System. Text.StringBuilder..ctor(Int32, Int32)

0.3 % ReadLine « 0.1 MB /11 MB « System.|O.StreamReader.ReadLine()

0.3 % ToString = 0.1 ME » System.Text.StringBuilder.ToStrning()

v 0% Reverse-0/19ME - CHO5_BatchFileProcessing StringReverser.Reverse()

0% AddWithResize - 0/ 2.1 MB » Systemn.Collections.Generic List™1.AddWithResize(T) ¥

User code String Collecti... ~ &

Call Tree @
Q Backtraces | ull Flame graph

4 =100 % All Calls - 37 MB
4 100 % ProcessFiles « 37 MB - CHO5_BatchFileProcessing.FileProcessor.ProcessFiles(Object, DoWorkEventArgs)
k 52.4 % Reverse » 19 ME » CHO5_BatchFileProcessing StringReverser.Reverse()
F37.5% ReadAlllines » 14 MB » System.lO.File.ReadAllLines(String)
10.1 % corecir.dll = 3.8 MB

Call Stack | Seurce View - CHO5_BatchFileProcessing.StringReverser.Reverse




Chapter 6: The .NET Collections

Object Explorer > 0 x
Connect~ ¥ ¥ AV
=]
Security
Server Objects
Replication
PolyBase
Always On High Availability
Management
Integration Services Catalogs
8 501 Server Agent (Agent XPs disabled)
{#] ¥Event Profiler
B new Database — O *
Selecta page T Scipt ~ @ Help
& General
& Options
& Filegroups Database name: |5ampIeData| )
Cwner: |<a§auﬁ5 |
Database files:
Logical Mame  File Type  Filegroup Initial Size (MB)  Autogrowth / Maxsize Pa
SampleData ROWS.. PRIMARY ! By 54 MB, Unlimited | C:
SampleDat... LOG Mot Applicable 8 By 64 MB, Unlimited .| C:
Conneclion
H—
Connection:
ﬁ View connection properties
Progress
Ready “ o
Add Remove




Developer Command Prompt

=+ Developer PowerShell - [ £

-12.1, 0S=Windows 10.8.19643

U 2.486Hz (Skylake), 1 CPU, 4 logical and 2 physical cor

-NET Cor £ i
[Host] LN .. .81z i 120.57516), X64 RyuJIT
Defaultlob 8. .57516), X64 RyulIT

Developer PowerShell Developer Command Prompt

Developer Command Prompt °

=+ Developer PowerShell - | 1 g1 ##

BenchmarkDotNet=1v8.12.! i 2
Intel Core i5 Yy ! 2 physical cores
-NET Core SDK=5 18]
[Host] .1 (CoreCLR 5.4.] ] 8.120 16), X64 RyulIT
Defaultlob : .8.1 (CoreCLR 5. X64 RyulIT

Developer PowerShell

Developer Cornmand Prompt

+ Developer PowerShell - [ 41 &

1, Windows 18 032

BenchmarkDothe 12.
CPU 2.48G6Hz (Skylake), 1 CPU, 4 logical and 2 physical cores

Intel Core i5-

-NET Core SDK=5.8.181
[Host] : .NET Core
DefaultJob : .NET Core

(CoreCLR
(CoreCLR

5
5

Error List Developer Command Prompt




Microseft Visual Studio

The project requires additional packages in order to use user
secrets. Do you want add the required packages?

Yes Mo

Developer Command Prompt

+ Developer PowerShell -~ ! 6

CoreFX 5
X 5

Error List Developer Power

Developer Command Prompt

=+ Developer PowerShell - 1 81 &

-NET Core
-NET Co

Developer PowerShell



Developer Command Prompt

=+ Developer PowerShell - 0! 41 £

: .NET Cor

142
CPU, 4 logical and 2 physical cores

Name Type Null | Primary Key | Auto Increment

Id int No Yes Yes

Name nvarchar(50) | No No No

Description | nvarchar(255) | No No No

UnitPrice money No No No
Id | Name Description UnitPrice
1 | Roasted Peanuts 500g bag of dry roasted peanuts. 0.69
2 | Cashew Nuts 75g bag of cashew nuts. 0.75
3 | Milk (Whole) 2 liters of whole milk. 1.25
4 | Bread (50/50) 50% white and 50% wholemeal bread. 1
5 | Butter (Salted) 100g salted butter. 2.5
6 | Roast Chicken Skg frozen roast chicken. 4.99
7 | Potatoes Skg Maris variety potatoes. 1.75
8 | Roasting Vegetables 1kg bag of frozen roasting vegetables. 1.5
9 | Coffee 1kg of Arabic coffee. 2.99
10 | Demera Sugar 1lkg bag of Demera sugar. 1
11 | Chicken Gravy 1 tub of chicken gravy granules. 0.89
12 | Yorkshire Puddings 1 bag of 12 frozen Yorkshire puddings. 1.35
13 | Sage and Onion Stuffing | 1 box of sage and onion stuffing. 0.59




Chapter 7: LINQ Performance

Object Explorer > 1 x
Connect~ ¥ *¥ Y & .
BB
Security
Server Objects
Replication
PolyBase
Abways On High Availability
Management
Integration Services Catalogs
& S0L Server Agent (Agent XPs disabled)
¥Event Profiler
i Mew Database — O W
S;letla[:nzral L7 Scwt ~ @ Heb
& Options
& Filegroups Database name: |5ampIeData| ) |
Cwner: | <defans |
c -
Database files:
Senrer:_ Logical NMame  File Type  Filegroup Initial Size (MB)  Autogrowth / Maxsize Pa
SampleData ROWS..  PRIMARY 5 { By &4 MB, Unlimited ]
Connection: i — |
_ SampleDat... LOG Mot Applicable 8 By 64 MB, Unlimited C:
ﬁ \iew connection properties
Progress
Ready £ >
Add Bemaove




Microsoft Visual Studio

The project requires additional packages in order to use user
secrets, Do you want add the required packages?

Yes

Developer Command Prompt

=+ Developer PowerShell - 1 g1 £

Error List

‘ommand Prompt

-+ Developer PowerShell ~ 1 &1 &%

// * Summary *

BenchmarkDotNet=v@.12.1, 05=Windows 1©.8.19842

Intel Core i5-63@@U CPU 2.48GHz (Skylake), 1 CPU, 4 logical and 2 physical cores

.NET Core SDK=6.0.10@-preview.2.21155.3
[Host] : .NET Core 6.8.8 (CoreCLR 6.8.21.15486, CoreFX 6.0.21.15486), X64 RyuJIT
DefaultJob : .NET Core 6.8.80 (CoreCLR 6.8.21.15486, CoreFX 6.8.21.154086), X64 RyulIT

| Method | Mean | Error | StdDev | Rank | Gen @ | Gen 1 | Gen 2 | Allocated |
|essssssccssssccscssses Jessecsssses [|omesmesmes g[|====mmm=es gl]e==== JIESEE g[|====== e[| ====== I q|
| GetLastPersonVersion2 | ©.3532 ns | ©.8316 ns | ©.8288 ns | 1| - - - -
| GetLastPersonVersionl | 24.6327 ns | ©.3548 ns | ©.4726 ns | 2 | - - - -



yper PowerShell

~+ Developer PowerShell ~ [ g7 £

.
/f * Summary *
BenchmarkDotNet=v8.12.1, 05=Windows 18.8.19842
Intel Core i5-63@8U CPU 2.48GHz (Skylake), 1 CPU, 4 logical and 2 physical cores
.NET Core SDK=6.8.180-preview.2.21155.3
[Host] : .NET Core 6.0.9 (CoreCLR 6.€.21.15486, CoreFX 6.9.21.15406), X64 RyulIT
Defaultdob : .MET Core 6.8.9 (CoreCLR 6€.9.21.15486, CoreFX 6.8.21.15486), X64 RyulIT
| Method | Mean | Error | StdDev | Rank Gen @ | Gen 1 | Gen 2 | Allocated |
[ [ e s R . e - e :|
| ReadingDataWithoutUsinglet | 33.46 ns | 8.676 ns | ©.779 ns | 1 | @.e561 | - - 88 B
| ReadingDatalsinglet | 194.45 ns | 3.451 ns | 6.396 ns | 2 | 8.2446 | - - 384 B
v

Developer Command Prompt

-+ Developer PowerShell -~ )] g1 4

-~
[/ * Summary *
BenchmarkDotNet=v®.12.1, 0S=Windows 10.0.19042
Intel Core i5-6380U CPU 2.48GHz (Skylake), 1 CPU, 4 logical and 2 physical cores
.MET Core SDK=6.8.188-preview.2.21155.3
[Host] : .NET Core 6.8.8 (CoreCLR 6.8.21.154086, CoreFX 6.0.21.15486), X64 RyulIT
Defaultldob : .MET Core 6.0.8 (CoreCLR 6.8.21.15486, CoreFX 6.8.21.15406), X64 RyulIT
| Method | Mean | Error | StdDev | Rank | Gen @ | Gen 1 | Gen 2 | Allocated |
| |ssesmsess ] |t g|===== | =sm=mes ]| ]| g|==meesssss el
| GroupByVersion3 | 1.961 us | ©.827@ us | ©.8252 us | 1| 1.3390 | - - 2.85 KB |
| GroupByVersion2 | 2.811 us | ©.0265 us | ©.0248 us | 2 | 1.1826 | - - | 1.81 KB |
| GroupByVersionl | 2.204 us | ©.8351 us | ©.8595 us | 3 | 1.2817 | - - | 1.97 KB |
v

Developer Command Prompt

+ Developer PowerShell ~ [}] o3

// * Summary *

BenchmarkDotNet=v@.12.1, 0S=Windows 10.0.19042

Intel Core i5-63@8U CPU 2.48GHz (Skylake), 1 CPU, 4 logical and 2 physical cores

.NET Core SDK=6.0.100-preview.2.21155.3
[Host] : .NET Core 6.0.@ (CoreCLR 6.0.21.15406, CoreFX 6.0.21.15406), X64 RyulIT
DefaultJob : .NET Core 6.0.8 (CoreCLR 6.0.21.15406, CoreFX 6.8.21.15406), X64 RyulIT

| Method | Mean | Error | StdDev | Rank | Gen @ | Gen 1 | Gen 2 | Allocated |
|eessesssssessassassas | B[] s=mmmmsas | s=emmesss | ] | s=emes ]| ]| el
| FilterGroupsVersionl | 61.7@ ns | 1.811 ns | ©.896 ns | 1| @.1169 | - - 184 B |
| FilterGroupsVersion2 | 158.77 ns | 2.68@ ns | 2.507 ns | 2 | @.1931 | - - 304 B |



loper Command Prompt

+ Developer PowerShell - | [ 5] | £

ry
// * Summary *
BenchmarkDotNet=v8.12.1, 05=Windows 18.8.19842
Intel Core i5-6388U CPU 2.48GHz (Skylake), 1 CPU, 4 logical and 2 physical cores
.MET Core SDK=6.8.188-preview.2.21155.3
[Host] : .NET Core 6.8.8 (CoreCLR 6.8.21.15486, CoreFX 6.8.21.15406), X64 RyulIT
DefaultJob : .NET Core 6.8.8 (CoreCLR 6.8.21.15486, CoreFX 6.8.21.15406), X64 RyuJIT
| Method | Mean | Error | StdDev | Rank Gen @ | Gen 1 | Gen 2 | Allocated |
|eeesssessmasosooosoas |emememcsas | semmessas | semesesaa 8| === ]| ]| ]| s 8| semsmmssss dl
| FilterGroupsVersion3 | 14.59 ns | 1.655 ns | 4.881 ns | 1| e.ez2e4 | - - 32 B
| FilterGroupsVersionl | 61.86 ns | 1.89@ ns | 1.664 ns | 2 | @.1173 | - - 184 B |
| FilterGroupsVersion2 | 168.3@ ns | 3.280 ns | 3.589 ns | 3 | @.1938 | - - 304 B |
v

loper Command Prompt

-+ Developer Powershell ~ () g &%

rFy
// * Summary *
BenchmarkDotNet=v@.12.1, 0S5=Windows 18.8.19042
Intel Core i5-6388U CPU 2.48GHz (Skylake), 1 CPU, 4 logical and 2 physical cores
.NET Core SDK=6.8.18@-preview.2.21155.3
[Host] : .NET Core 6.08.8 (CoreCLR 6.0.21.15486, CoreFX 6.8.21.15486), X64 RyulIT
DefaultJob : .MNET Core 6.8.8 (CoreCLR 6.8.21.15486, CoreFX 6.0.21.15486), X64 RyulIT
| Method | Mean | Error | stdDev | Rank | Gen @ | Gen 1 | Gen 2 | Allocated |
|emsmescacsccssossoses Jo=smceosess | e | e 8[| e===s g[|==memes g[|==ms=s g[|s=msse | R d
| FilterGroupsVersiond | 8.754 ns | ©.2678 ns | ©.2631 ns | 1| 8.e204 | - - 32 B
| FilterGroupsVersion3 | 8.921 ns | ©.2659 ns | 8.3265 ns | 1| 8.8204 | - - 32 B
| FilterGroupsVersionl | 61.849 ns | 1.3271 ns | 1.9452 ns | 2 | 8.1173 | - - 184 B
| FilterGroupsVersion2 | 16@.216 ns | 3.2436 ns | 3.6853 ns | 3 | 8.1931 | - - 304 B
-

ver PowerShell

~+ Developer PowerShell ~ | 0] g £

/f * Summary *

BenchmarkDotNet=v@.12.1, 05=Windows 16.8.19842

Intel Core i5-638@U CPU 2.48GHz (Skylake), 1 CPU, 4 logical and 2 physical cores

.NET Core SDK=6.0.180-preview.2.21155.3
[Host] : .NET Core 6.9.0 (CoreCLR 6.0.21.15486, CoreFX 6.8.21.15486), X64 RyulIT
Defaultdob : .NET Core 6.0.2 (CoreCLR 6.0.21.15486, CorefX 6.9.21.15486), X64 RyulIT

| Method | Mean | Error | StdDev | Rank | Gen @ | Gen 1 | Gen 2 | Allocated |
[ e e e e E 1] ----- H e i|------ B E e :|
| LingWithParameters | 771.5 ns | 14.39 ns | 13.46 ns | 1 | 1.2598 | - - | 1.93 KB |
| LingWithLocalVariable | 1,848.8 ns | 20.88 ns | 23.95 ns | 2 | 1.8975 | - - 2.6 KB |



Name Type Null | Primary Key | Auto Increment

Id int No | Yes Yes

Name nvarchar(50) | No No No

Description | nvarchar(255) | No No No

UnitPrice money No | No No
Id | Name Description UnitPrice
1 | Roasted Peanuts 500 g bag of dry roasted peanuts 0.69
2 | Cashew Nuts 75 g bag of cashew nuts 0.75
3 | Milk (Whole) 2 litres of whole milk 1.25
4 | Bread (50/50) 50% white and 50% wholemeal bread 1
5 | Butter (Salted) 100 g salted butter 2.5
6 | Roast Chicken 5 kg frozen roast chicken 4.99
7 | Potatoes 5 kg Maris Piper variety potatoes 1.75
8 | Roasting Vegetables 1 kg bag of frozen roasting vegetables 1.5
9 | Coffee 1 kg of Arabic coffee 2,99
10 | Demerara Sugar 1 kg bag of Demerara sugar 1
11 | Chicken Gravy 1 tub of chicken gravy granules 0.89
12 | Yorkshire Puddings 1 bag of 12 frozen Yorkshire puddings 1.35
13 | Sage and Onion Stuffing | 1 box of sage and onion stuffing 0.59




Chapter 8: File and Stream 1/O

Developer PowerShell

+ Developer PowerShell -

Data Tool i Output Error List

Developer PowerShell
+ Developer PowerShell - [ g1 £t

Developer PowerShell

+ Developer PowerShell - ]!




Path

Description

C:\Work\Databases\DevDbDataDictionary.xls

Absolute path. The drive being used
is C:\.

\temp\training.txt

Absolute path. This is relative to the
current location.

2021\expenses.docx

The relative path to the current
directory.

\temp\training.txt

The relative path up a level from the
current directory.

\\Staff\SEN\2020\Yr7\StudentWellbeing. txt

UNC path to the shared network

resource.
\WAC:\Admin\log.txt DOS device path.
WAC:\Admin\log.txt DOS device path.
\\.\Volume{GUID}\Admin\log.txt DOS device path.

Exception Description

IOException The base I/O exception that all the other /O

exceptions derive from.

FileNotFoundException

This exception is raised when an attempt to
read a file fails.

DirectoryNotFoundException

This exception is raised when an attempt to
read a directory fails.

DriveNotFoundException

This exception is raised when an attempt to
read a drive fails.

PathTooLongException

This exception is raised when the file path
exceeds the 256 Windows path length limit.

OperationCancelledException

'This exception is raised when an 1/0O
operation is canceled.

UnauthorizedAccessException

This exception is raised when read/write
access has been attempted on a file or
directory that the user does not have
access to.




Chapter 9: Enhancing the Performance of Networked
Applications

PC Sends Email PC Receives Email
DATA (EMAIL) DATA (EMAIL)
AL T
Sender Receiver
Application Layer (SMTP) Application Layer (SMTP)
[DATA][SMTP_HEADER] [DATA]
Transport Layer (TCP) Transport Layer (TCP)
[DATA][SMTP_HEADER][TCP_HEADER] [DATA][SMTP_HEADER]
Internet Protocol Layer (IP) Internet Protocol Layer (IP)
[DATA][SMTP_HEADER][TCP_HEADER][IP_HEADER] [DATA][SMTP_HEADER][TCP_HEADER]
Network Interface Layer P R e e
[DATA][SMTP_HEADER][TCP_HEADER](IP_HEADER][@—»—@
NETWORK_HEADER] [DATA][SMTP_HEADER][TCP_HEADER][IP_HEADER]
B | (5 Mewtab x |+ - = *
(@] Q, Search or enter web address 78 1= 2
For quick access, place your favourites here on the favourites bar. Manage favourites now
= [B @] Welome® Elements Corsole Sources Network  Performance  Memory Application  Security » [@17 hes | 47| 8 & -+ X
Welcome to Microsoft Edge DevTools Highlights from the latest Microsoft Edge update View all
Search the web Open tab after each update
"What's New" is now "Welcome"
Help The "What's New tool” now has a new appearance and a new name:

Microsoft Edge DevTools documentation ple s

DevToels for beginners

. Use the visual font editor to work with fonts in CSS
Submit feedback
There's a new visual font editor in the Styles pane that simplifies

@EdgeDevTools on Twitter working with fonts in CSS.

N Display Flexbox containers with the Flexbox (flex) icon

The new Flexbox (flex) icon in the "Elements” tool helps you identify
Flexbox containers in your code. When toggled, the icon displays and
hides outlines of the flex container to help you debug the layout.

this image?
A Display alignment icons and gridlines for changes to Flexbox layouts

Entertainment from CSS properties




= — [m] X
B% Developer taols, technical docur X |
< C & https://docs.microsoft.com/en-gh/ 78 1= 2
We use L_s ﬂ Welcome Elements Console Sources Metwork X Performance Memory  Application Security » 1mn3| € g,c' x
@ cookies to
improve ® O ¥ Q [Opreservelog [ Disablecache Nothrotting ¥ £ &
your .
experience Filter [ Hide data URLs ANl | XHR JS €SS Img Media Font Doc WS Manifest
on our I I 10000 ms 20000 ms 30000 ms 40000 ms 50000 ms m a
websites
and for
advertising.
Privacy
e Name Status Type Initiator Size Time ¥ Waterfall
[1] tjstver=2%272.1%278na... 200 script jsll-Ajs2 5458 360ms ¥ ﬂ|
Accept all [] tjsTver=272.1%278na... 200 script jsll-djs:2 4078 113ms .
[ ] tjstver=5%272.1% . 200 script 4078 89ms | —
Manage cookies [m] festured-learn-tv-2xpn... | 200 png 145k 4ams
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Service Dependencies + ¢
Publish

There are currently r pendencies configured.

Service References (OpenAPIl, gRPC)

ce references cc

Add




Add service reference

Select a service reference to add to your application

£ OpenAPI
“® Consume web services which conform to the OpenAPI Specification

srec ‘GRPC

Consume and produce web services which conform to the gRPC open source universal RPC
framework

Add new gRPC service reference
Select a file or URL

Q File
300k\C-9-and-.NET-5-High-Performance\CHO8\CHO8_GrpcService\Protos\greet.proto
® URL

Select the type of class to be generated

Client




CHO8_GrpcServiceClient & x

Connected Services | Soryice Dependencies + ¢ B -
Publish

There are currently no service dependencies configured.

Add

Service References (OpenAPIl, gRPC)

- = ]
greet - Client R
el @ Configured

Other Services

# Microsoft WCF Web Service Reference
Provider

(im] | Index x P=F _ O %
< @ (3 https://localhost:7108 o 3 A Y8 = 2
CHO09_BlazorGrpc.Client About
A Home People from Grpc Service

Name : Person One
Name : Person Two

Name : Person Three




Developer PowerShell

—+ Developer PowerShell ~ | [ g7  {43F

G:\_book\Source\Mastering-High-Performance-with-C-1@.@-and- .NET-6\CHB9\CHBY_TcpServeribin\Debug\net6.@>CHBY_TcpServer.exe
Listening on port 7@ee

Developer PowerShell

-+ Developer PowerShell =[] fol

s
G:\_book\Source\Mastering-High-Performance-with-C-18.8-and-.NET-6\CHE@2\(HBI_TcpClient\bin\Debug\net6.8>CHABY TcpClient.exe
Connecting to port 7eee

Developer PowerShell | Developer PowerShell

Developer PowerShell

- Developer PowerShell = [l o)

G:\_book\Source\Mastering-High-Performance-with-C-1@.@-and-.NET-6\CH@I\CH@9_TcpClient\bin\Debuginet6.@>CHa9_TcpClient.exe «
Connecting to port 7@ee
Hello, World!

Developer PowerShell | Developer Powershell

Developer PowerShell

~+ Developer PowerShell = [} o)

S
G:\_book\Source\Mastering-High-Performance-with-C-1@.8-and- .NET-6\CH@3\CHB9_TcpServer\bin\Debug\net6.@>CHB9_ TcpServer.exe
Listening on port 7@ee

[[::Ffff:127.0.0.1]:61193]: connected
Hello, World!

Developer PowerShell | Developer PowerShell

CH11_AspNetCoreCaching Home Privacy

Index

When Cached: 04/08/2021 20:34:17;:Current Time: 04/08/2021 20:34:25;

© 2021 - CH11_AspNetCoreCaching - Privacy




OSI Reference Model Protocol Suite
Application HTTP, HTTPS, SSL, FTP, TFTP,
Telnet, NTE, NNTP

Presentation Email: SMTP, POP, IMAP
Session TCP, UDP
Transport
Network IP, IGMPB, ICMP, ARP, RARP
Data Link Ethernet, PPP
Physical

TCP/IP Model OSI Model

Application Layer Application Layer

Presentation Layer

Session Layer

Transport Layer

Transport Layer

Internet Layer Network Layer
Network Interface Layer Data Link Layer
Physical Layer
Language Operating System Compiler/SDK
C/C++ Linux, macOS GCC 4.9+, Clang 3.4+
C/C++ Windows 7+ Visual Studio 2015+
C# Linux, macOS$ .NET Core, Mono 4+
Cs# Windows 7+ NET Core, NET 4.5+
Dart Windows, Linux, macOS$ Dart 2.2+
Go Windows, Linux, macOS Go 1.13+
Java Windows, Linux, macOS$§ JDK 8 recommended (Jelly Bean+
for Android)
Kotlin/JVM Windows, Linux, macOS Kotlin 1.3+
Node.js Windows, Linux, macOS$ Node v8+
Objective-C macQOS 10.10+, i0S 9.0+ Xcode 7.2+
PHP Linux, macOS$ PHP 7.0+
Python Windows, Linux, macOS$ Python 3.5+
Ruby Windows, Linux, macOS Ruby 2.3+
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Chapter 10: Setting Up Our Database Project

WhatsApp business
Messages per day

Operation Data Access Method Per-Operation Operation Time
Execution Time (ms) | (Processing Days)

3,456,000,000 Google | ReadFilteredProductsADNSP | 1,078 43.12

searches per day

3,456,000,000 Google | ReadFilteredProductsDDN 199.910 7,996.4

searches per day

65,000,000,000 InsertProductDDNSP 1.841 1,385.01157

WhatsApp business

messages per day

65,000,000,000 InsertProductEFSP 396.509 298,299.595




Chapter 11: Benchmarking Relational Data Access
Frameworks

+ Developer Powershell - (7 &) ¥

// * Summary *

12.1, 10.0.19042
Intel Core i5-6300U CPU 2.40GHz (Skylake), 1 CPU, 4 logical and 2 physical cores
.NET Core SDK=6.0.100-preview.3.21202.5
[Host] : .NET Core 6.0.0 (CoreCLR 6.0.21.20104, CoreFX 6.0.21.20104), X64 RyudIT
Defaultdob : .NET Core 6.9.0 (CoreCLR 6.9.21.20104, CoreFX 6.0.21.20104), X64 RyuIT

Method Mean Error StdDev Median | Rank Gen @ Gen 1 Gen 2 Allocated
InsertProductADN 2.092 ms 0.0418 ms ©0.1150 ms 2.102 ms 9 37.1094 15.6250 - 71.31 KB
InsertProductADNSP 1.894 ms 0.0470 ms 9.1350 ms 1.866 ms 8 23.4375 5.8594 - 72.53 KB
ReadScalarProductADN 1.407 ms 9.0370 ms ©0.1068 ms 1.390 ms 4 37.1094 13.6719 - 70.03 KB
ReadScalarProductADNSP 1.433 ms 9.0390 ms ©0.1107 ms 1.416 ms 4 27.3438 7.8125 - 70.58 KB
ReadFilteredProductADN 1.084 ms ©.0400 ms ©.1153 ms 1.068 ms 1 35.1563 13.6719 = 68.84 KB
ReadFilteredProductADNSP 1.078 ms 0.0431 ms ©0.1264 ms 1.067 ms 1 35.1563 9.7656 = 68.15 KB
UpdateProductADN 3.583 ms 9.2150 ms 0.6306 ms 3.475 ms 13 = = B 70.01 KB
UpdateProductADNSP 1.562 ms 0.0496 ms 0.1367 ms 1.541 ms 5 23.4375 5.8594 - 69.96 K8
DeleteProductADN 6.263 ms 0.8640 ms 2.3943 ms 5.775 ms 14 - - - 70.01 KB
DeleteProductADNSP 1.768 ms ©.1261 ms ©.3516 ms 1.588 ms 6 = = = 70.88 KB
InsertProductEF 2.916 ms 9.1014 ms ©0.2942 ms 2.840 ms 12 62.5000 15.6250 - 124.29 KB
InsertProductEFSP 2.251 ms 9.0540 ms 9.1592 ms 2.261 ms 10 54.6875 15.6250 = 104.65 KB
ReadScalarProductEF 396.509 ms | 23.6081 ms | 68.8658 ms 360.339 ms 17 = = = 109.63 KB
ReadScalarProductEFSP 53.235 ms 1.6418 ms 4.6037 ms 51.883 ms 15 = = - 113.3 K8
ReadFilteredProductsEF 1.305 ms 0.0566 ms ©0.1596 ms 1.294 ms 3 37.1094 9.7656 - 99.48 KB
ReadFilteredProductsEFSP 1.187 ms 0.0457 ms ©9.1319 ms 1.171 ms 2 37.1094 9.7656 - 97.29 KB
UpdateProductEF 5,304.279 ms | 51.0259 ms | 45.2331 ms | 5,309.797 ms 18 | 110000.0000 | 23000.0000 | 4000.0000 | 424807.66 KB
UpdateProductEFSP 1.964 ms ©.0952 ms ©.2685 ms 1.850 ms 8 = = = 104.28 KB
DeleteProductEF 386.716 ms 7.4865 ms 8.0105 ms 384.664 ms 17 - ¥ = 129.72 K8
DeleteProductEFSP 2.012 ms ©0.1439 ms 0.4174 ms 1.804 ms 8 = = = 103.23 K8
InsertProductDON 2.058 ms 9.0466 ms ©0.1374 ms 2.076 ms 9 37.1094 11.7188 - 71.42 KB
InsertProductDONSP 1.841 ms 0.0442 ms ©.1289 ms 1.851 ms 7 39.0625 13.6719 = 75.24 KB
ReadScalarProductDDN 1.483 ms 9.0431 ms ©0.1251 ms 1.381 ms 4 37.1094 9.7656 - 70.16 KB
ReadScalarProductDONSP 1.514 ms 9.0528 ms ©.1497 ms 1.489 ms 5 37.1094 13.6719 L 71.84 KB
ReadFilteredProductsDON 199.910 ms 3.9677 ms 9.0365 ms 200.890 ms 16 9666.6667 3333.3333 | 1333.3333 18113.34 KB

ReadFilteredProductsDONSP 1.529 ms 9.0515 ms ©0.1427 ms 1.510 ms 5 23.4375 5.8594 - 71.89 KB l
UpdateProductDON 2.297 ms ©.2973 ms 0.8719 ms 1.903 ms | 1 - = = 70.13 KB
UpdateProductDONSP 1.891 ms 0.1623 ms 0.4577 ms 1.714 ms | 7 - - - 72.95 KB
DeleteProductDON 2.522 ms 9.4970 ms 1.4497 ms 1.807 ms | 1 = = = 70.3 KB
DeleteProductDONSP 1.863 ms 9.1538 ms ©.4362 ms 1.763 ms | 7 = = = 72.34 KB

>

(yperation Data Access Method Per-Operation (Operation Time

Execution Time (ms) | (Processing Days)

3,456,000,00d (_-,'oogle ReadrFilteredProductsAlNEER | 078 43.12
searches per day

3,456,000,000 Google | ReadFilteredProductsDON 199.910 79964
searches per day
65,0000 (M0 InsertProductDDNSE 1.841 138501157

WhatsApp business
Messages per day

&5 000080, (H0 InsertProductEFSE 306,509 208 949 395
WhatsApp business
Messages per day




Chapter 12: Responsive User Interfaces

Responsive WinForms Example

Progress Update: Performing load operation 82 of 100..

® Form1 - O *

You have clicked the button 10 times.

Id MName Description Price Units
» Product 91 It is a long esta.. |9.99 100
92 Product 92 It is a long esta... |9.99 100
93 Product 93 It is a long esta.. |9.99 100
94 Product 94 It is a long esta.. |9.99 100
95 Product 95 It is along esta... |9.99 100
96 Product 96 It is a long esta.. |9.99 100
97 Product 97 It is a long esta... |9.99 100
93 Product 98 It is a long esta... |9.99 100
9 Product 99 It is a long esta.. |9.99 100
100 Product 100 ltisalongesta.. |9.99 100

It is a long established fact that a reader will be distracted by the readable content of a page
| |<< | | <« ||Page10m‘10 || ESS | | >3 |

| Cancel long running operation

Progress: 88% [N

Responsive WPF Example

Frogress Update: Performing load operation 96 of 100..,




" MainWindow | B WO @ DHotReoxd < - O

Id Name
81| Product 81

Increment Counte|

Description

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

Price Un

9,99

82 | Product 82

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

83| Product 83

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

84 | Product 84

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

&5 | Product 85

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

86 | Product 86

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

&7 | Product 87

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

38 | Product 88

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

89| Product 89

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

90 | Product 90

It is a long established fact that a reader will be distracted by the readable content of a page when looking at its layout.

9.99

Progress: 17%

CH12_ResponsiveASPNET  Home Privacy

Ajax Demonstration

| Ajax Demonstration

[

© 2021 - CH12_ResponsiveASPMET - Privacy

CH12_ResponsiveASPNET Home Privacy

Ajax Demonstration

| Ajax Demonstration

Ajax Demo Result

© 2021 - CH12_ResponsiveASPMET - Privacy



“X’CH12_ResponsiveﬂSPNET Home  Privacy

Click the following button to see the function in action

[open] Connection established
Sending to server
[message] Data received from server: Hello from server, Guest!

[close] Connection closed cleanly, code=1000 reason=Bye!

© 2021 - CH12_ResponsiveASPMNET - Privacy

Add Client-Side Library *

Provider: unpkg *
Librany: @microsoft/signalr@|atest O

(@) Include all library files
() Choose specific files:

4 Files: -
4 dist
4 browser
LT signalr,js
[ signalrjs.map

LT signalr.min.js -

Target Location: wwwroot/lib/microsoft/signalr/

| Install || Cancel




= O X

T | | - CH12_ResponsiveASEMET x | +
< C @ () https://localhost... LB 3 18 -~ i =
[ 6L [ Information Techno.. [7] Tools [ OS Dual Boot & VMs » | [] Other favourites

CH12_ResponsiveASPNET  Home Privacy

User |User‘1 I

Message |Hello, User 2! |

Send Message

* Lser 1 says Hello, User 2!

* |ser 2 says Hello, User 1!

[

n © 2021 - CH12_ResponsiveASPNET - Privacy

™ ] |- - CH12_ResponsiveASPNET X [—i— - 0 X
& O (nl 5] https/flocalh...  Tg o 3 = =
[T 6L [ Information Techno.. [7] Tools [ 0S5 Dual Boot & VMs » | [0 Other favourites

CH12_ResponsiveASPNET  Home Privacy

User |User2 o]

Message | Hello, User 1! |

Send Message

* Lser 1 says Hello, User 2!

* |ser 2 says Hello, User 1!

m © 2021 - CH12_ResponsiveASPMET - Privacy



Responsive MAUI Example

Progress Update: Performing load operation 44 of 100...

Home

1PersonmOine VEAD 7S BAz07 00

2PersonTwolRAOT2022 04:01:00

IPersonThree 1 BAOI2022 04:01:00

APersonFour 1 OT022 04:01:00

P Fve 1 RAOT2022 4301:00
Hello, World!

Welcome to .MET Multi-platform App Ul

BPersonSic 18072022 04:01:00

FPersonSeven 1 BAOF2022 04:01:00

Clicked 1 time

BPersonElght1 BA7002 04:01:00




Chapter 13: Distributed Systems

Microsoft Visual Studio Debug Console — O X

Dividend paid by Company Name to Customer Name on 82/03/2022 22:43:40 of £23.45.
InvalidDate: Payment cannot be made before the standing order month pay day.

C:\Work\CH13_EventSourcing\CH13_EventSourcing\bin\Debug\net6.8\CH13_EventSourcing.exe
(process 24@08) exited with code @.

To automatically close the console when debugging stops, enable Tools->Options->Debugg
ing->Automatically close the console when debugging stops.

Press any key to close this window .

Binding | Azure Function

Bindin
Inputs | Code | Outputs 5

Trigger




Chapter 14: Multi-Threaded Programming

Suspend

Start

Interrupt _
| Running Suspended
Wait WaiUS] o
Sleep ait/Sleep/Join
Abort
Thread Lifecycle
B Microsoft Visual Studio Debug Console — O >

SleepyMethod() Cancelled

14 Multithreadi

O auTomatlicCa
enable Tool
e console whe

r key to close

BY Microsoft Visual Studio Debug Console — O >

method e

Hello, wo

: Goodbye, hDPid:




Chapter 15: Parallel Programming

@ Performance Monitor
@) File Action View Window Help

o rEE=m HE

® Perfommance Hr@- X aEa D
v :i Monitering Tools
= & Monit
> 3 Data Collector Sets iy
» [ Reports
[ Rep o0 .'
80
]
I
70
60 I
SO_
a0
30_\/«
20
104
0 T T T T T T T T T
23:15:04 23:13:35 23:13:45 23:13:55 23:14:05 23:14:15 23:14:25 23:14:35 23:14:45 231455  23:15:03
Lastl --------- Averagel --------- Minimum | --------- Maximum | --------- Duration | 1:40
Show Color Scale Counter Instance Parent Object Computer
v 1.0 % Processor Time 0 --- Processor ‘WDESKTOP-TMAUABF
v — 10 % Processor Time 1 - Processor ‘WDESKTOP-TMAUABF
v 10 % Processor Time 2 - Processor ‘WDESKTOP-TMAUABF
v 10 % Processor Time 3 - Processor ‘WDESKTOP-TMAUABF




'Q:\) Performance Monitor B O *

'@ File  Action View Window Help - &
=5 E= 0
)] — =
@) Performance P E~- X S| EE [ M|
~ Ly Monitoring Tools
B& Performance Monitor
= Data Collector Sets iy
[ Reports
o 90
30_
70 {\ ’\
i J
N M o 10 LA W AR
/\ } | | |
¥ i | h | i,
40 " Wy ‘
- W {
20 I !
I
20
104
0 T T T T T T T T T
23:28:40 23:28:52 23:20:02 23:20:12 23:29.22 23:20:32 23:20:42 23:29:52 23:30:02 23:30:12 23:30:18
last| = - Average| = -—————- Minimum | Maximum | Duration 1:40
Show Color Scale Counter Instance Parent Object Computer
[V 10 % Processor Time 0 - Processor ‘WDESKTOP-TMAUABF
[ 1.0 % Processor Time 1 = Processor ‘WDESKTOP-TMAUABF
[v 1.0 % Processor Time 2 --- Processor \\DESKTOP-TMAUABF
[V 1.0 % Processor Time 3 = Processor ‘WDESKTOP-TMAUABF
B3 Select Microsoft Visual Studic Debug Consale — O e

Median




Parallel Stacks

Search (Ctrl+E)

P- ! Threads

4 Threads
= Program.MethodC

[13384] Main Th Program.MethodB
[External C Program.MethodA 5 Threads

Program.Main [External Code] [External Code]

Parallel Stacks

Parallel Stacks

Ctrl+E)

[13384] Main Thread
[External e]

Program.Main

Parallel Stacks

‘p.

4 Threads
B Program.MethodC
Program.
Program.

[External (

7

i
7
i

9172 (.NET ThreadPo




Parallel Stacks

Search (Ctrl+E)

© 4 Async Logical Stacks
Program.MethodC
Program.MethodB
Program.MethodA

01 Async Logical Stack
Start<StartupHook.
StartupHook.Initialize. AnonymousMethod 0

Task.Run

Parallel Stacks

CH15_ParallelProgrammingDebuggingAndProfilingSample.dll!Program MethodB(object obj = 1) Line 50

CH15_ParallelPregrammingDebuggingAnd lingSample.diliProgram.MethodB(object obj

Location

Program.Meth
Program.Metho
Program.MethodC

0.000 Program.MethodC




Threads Cores
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7816 Worker Theesd
32 Worker Threas

Prafile fepor: | 43 Curent | 57 Unblacking stack | @ Hints

57% B Exeation | Per Thread Summary

33% M Synchronization

5% Wy

5% Bl skep

0% W Memory Management.
% Preemgtion

0% MM UlProcessing

Pl

Disk Opsations
Merkery

Time (ms)

0% HE This Process
20% B Other Processes
0% I Paging

GPU




Logical Core 0

Logial Core 1
Logical Core2
Logical Core3
Logical Core
Logecal Core S
Logical Core 6
Logical Core 7
Logial Core8
Logical Core9
Logical Core 10
Logical Core 11 !
Logial Core 12 it Sl P T S 1A o S L L P SUREVSA SPOI T RIME A IR8, Ae YN VR S0 0 A0 Pl LN
Logical Core 13 ML A T 0 A N L VMR oA M IO PO o P 0 RPN PP 0 P PRV A S TR :
Theead D Theead Name Cross- Total C Percent of C 2
N 72 Viorkes Thread TE944 108578
N 24100 Workes Theesd 76346 106,445 na%
M 5464 Worker Thresd 75,095 104289 nse%
BN 2532 Worker Thread 74961 105,123 %
I 33560 Worker Theead 74874 105015 0%
Workes Thread 74261 105061 %
Workes Thread 73877 104375 %
Worker Thread 73330 10409 %
Workes Thead 72834 103,075 an%
Workes Thiesd 72143 101,746 Ts0%
W 9152 Worker Thresd 63,754 979 To60%
Workes Thread 66,074 92603 5%
Worker Thread 633 1107 057%
MainThesd 47 ® sarsn
Wiorker Thresd 23 L] 5%
Worker Thread 15 ] 250%
Worker Theead 14 » 3590%
Vicrker Thresd 12 ” %
Worker Theead & 0 200%




Chapter 16: Asynchronous Programming

Developer PowerShell

~+ Developer PowerShell - [ [ &

Intel Core i5-3338 CPU 3.880Hz (Ivy Bridge), 1 CPU, 4 logical and 4 physical cores a
-NET 5DK=6.8.181

[Host] : .NET 6.8.1 (6.0.121.56705), X64 RyulIT

DefaultJob : .NET &.8.1 (6.8.121.56785), X&4 RyulIT

| Method | Mean | Error | StdDev |
|--------mmmm e |------------ o o |
| SychronousMethod | 7.3228 ns | 8.8714 ns | ©.9668 ns |
| TaskMethod | 112.4494 ns | 1.3471 ns | 1.2681 ns |
| AsynchronousTaskMethod | @.9982 ns | ©.8138 ns | ©.9122 ns |

£/ * Hints *
Outliers
Benchmarks . AsynchronousTaskMethod: Default -»> 1 outlier was removed (3.20 ns)

£/ * Legends *
Mean : Arithmetic mean of all measurements
Error : Half of 99.9% confidence interval
StdDev : Standard deviation of all measurements
1 ns : 1 Nanosecond (9.008000081 sec)

S/ *¥*¥*** BanchmarkRunner: End ***%*
ff ** Remained @ benchmark(s) to run **
Run time: @8:81:19 (79.6 sec), executed benchmarks: 3

Developer PowerShell | Output




Developer PowerShell

~+ Developer PowerShell ~ [ [ &

ff* Summary *

BenchmarkDotNet=v8.13.1, 05=Windows 10.8.19843.1415 (21H1/May2821Update)
Intel Core i5-3338 CPU 3.880Hz (Ivy Bridge), 1 CPU, 4 logical and 4 physical cores
.NET 5DK=G.8.181

[Host] : .NET 6.0.1 (6.0.121.56705), X64 RyulIT

Defaultlob : .NET 6.8.1 (6.8.121.56785), X644 RyulIT

| Method | Mean | Error | StdDev |
|--- - |- = e : |
| GetAwaiterGetResult | 822.3 ns | 16.28 ns | 21.17 ns |
| Result | 1,133.5 ns | 18.86 ns | 9.41 ns |
| Wait | 749.2 ns | 11.78 ns | 9.77 ns |
| GetAwaiter | 118.1 ns | 3.82 ns | E.91 ns |

Developer PowerShell

+ Developer PowerShell - [H [ &

Sf * Summary *

BenchmarkDotNet=v8.13.1, O05=Windows 10.8.19843.1415 (21H1/May2021Update)
Intel Core i5-3338 CPU 3.800Hz (Ivy Bridge), 1 CPU, 4 logical and 4 physical cores
.NET 5DK=6.8.181

[Host] : .MNET 6.0.1 (6.0.121.56705), X64 RyulIT

Defaultlob : .NET 6.8.1 (6.8.121.56785), X644 RyulIT

| Method | Mean | Error | StdDev

| synchronousAwait | 624.4 ms | 6.42 ms | 5.69 ms |
| AsynchynchronouskWhenAll | 311.3 ms | 2.23 ms | 1.87 ms |

B8 C\Development\CH16.... — O X

hronous Pr




