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® Design Patterns ﬁﬁ’]ﬂ”aﬂu C#

® Singleton — BuELAUSLALINATZU (Deep dive)

® Factory — WINMIENI28NAINNANTLTINY (Deep dive)

® Observer — event-driven, push-based (Deep dive)

® Dependency Injection (DI) — ﬁﬂq@ﬁm%’Uﬂ’ﬁaaﬂme:uu
®  MINFULWNLATULTGI8NY (Integration)

® Singleton Pattern Tu c#

® Design Pattern: Factory Pattern Tu c#

® Design Pattern: Strategy 18301131 C#

® Observer Pattern Gfial,flu Behavioral Design Pattern
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Design Patterns ﬂﬁﬁﬁmﬂ% C#

¢ Singleton
o Factory
e Strategy
e Observer
e Dependency Injection (DI)
da'luildie “unil 11: Design Patterns fgenlu c# afunpunuliiuaie wiandathildad

NI2TU LA TUA/MAITILIIVAILGALUNNLAT

Singleton

LWIAR

1 “BURLAUTLAINITZ UL’ LLamT']ﬁa"L@Tﬁrmnﬂﬁ W AAIANAAWAN, AIAANTT cache, AIRaN
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Wialns
o Yﬁwmﬂiﬁﬁadﬁlﬁm%ﬁa (global config, logger, telemetry client)
° ﬁaammﬁ state i’JﬁJﬁ’uLLﬂzﬂ’JUQ&lﬂ’liﬁgﬁdE]allLT;]:ﬂ@T
Tanaate (Thread-safe + Lazy)

public sealed class AppConfig

{
private AppConfig() { /* Tnaad config WNJ ¢ */ }

private static readonly Lazy<AppConfig> _instance =

new Lazy<AppConfig>(() => new AppConfig(), isThreadSafe: true);
public static AppConfig Instance => _instance.Value;

public string ConnectionString { get; set; } = "Server=.;Database=App;";
}
1#eals
var cs = AppConfig.Instance.ConnectionString;
2ah

o auQuiMIUBUIUAUTS, Urzndanineins

o Lazy<T> UaaaAsny multi-thread laglidaadau lock L83
2BAITILI

o T dependency — nagausnn (¥ lwtdu DI-friendly @n30)

e 3239 “hidden global state” WRZENAUMT init 14 unit tests

Factory (Simple/Factory Method/Abstract Factory)

LHIAR

wan “MIaaaulazsesuding” san lUlRammans TI880 new NITIANTENBUAL iflelse 817

9

Insialng
o &4 ‘aena” saulAndmNAT/ANNIIaRY (11 TaannIudaiian: Email, SMS, Push)
o doinIsauziia runtime lagliuazldagldUaoms

Simple Factory (WiaNziLISN @)

public interface INotifier { void Send(string msg); }

C# Programming: Advance wih 3
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public class EmailNotifier : INotifier

{
public void Send(string msg) => Console.WriteLine($"[EMAIL] {msg}");

public class SmsNotifier : INotifier

{
public void Send(string msg) => Console.WriteLine($"[SMS] {msg}");

public static class NotifierFactory

{
public static INotifier Create(string channel) => channel switch
{
"email" => new EmailNotifier(),
"sms" => new SmsNotifier(),
=> throw new NotSupportedException(channel)
¥
}
11 15w

var notifier = NotifierFactory.Create("email");

notifier.Send("Order created");

Factory Method (wmmhu subclass)

public abstract class Report { public abstract string Render(); }

public class PdfReport : Report { public override string Render() => "PDF"; }
public class HtmIReport : Report { public override string Render() => "HTML"; }

public abstract class ReportCreator
{
/l Factory Method
protected abstract Report CreateReport();
public string Export() => CreateReport().Render();

C# Programming: Advance wih 4
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public class PdfReportCreator : ReportCreator

{
protected override Report CreateReport() => new PdfReport();

}
[ a [ Y o
Abstract Factory (1l “T5991u209l39971” HAALIl AL

\WMANZNUNAQ “families” 15% DarkTheme/LightTheme 71l Button/TextField LI 7aL1@e M
¥ A
2@
« 8AMIWNGA (decouple) ;ﬁfﬁ'ﬂﬂauﬂ%ﬂma
o WHamsaensviialnaladre (Open/Closed)
2BAITILII
e« Simple Factory Taua9zd switch 817 — WaTM Dictionary mapping %38 DI container

o Abstract Factory 3nniinldazsusanlas lisidn

Strategy
UWHIAR
1 o Ak A et Y, v @ a [} o g ! ' A o ot v
Wo “dana3nungasla” 1Inas interface LAHY LU AU AN VUEI/FIUAA/MITLIHIRNGL L7
Lﬁaﬂﬂaﬂqﬂf runtime
v A '
xaialng
o dwmsdanainuifisuyiinu dunuaungasivaauin
. @Taemimaaumewiazﬂaqwfvl,ﬁdm
Tanalasie
public interface IDiscountStrategy

{
decimal Apply(decimal subtotal);

public class NoDiscount : IDiscountStrategy

{

public decimal Apply(decimal subtotal) => subtotal,
}
public class PercentageDiscount : IDiscountStrategy
{

private readonly decimal _rate; // 0.10 = 10%

C# Programming: Advance wih 5
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public PercentageDiscount(decimal rate) => _rate = rate;

public decimal Apply(decimal subtotal) => subtotal * (1 - _rate);

public class CheckoutService
{
private readonly IDiscountStrategy _strategy;

public CheckoutService(IDiscountStrategy strategy) => _strategy = strategy;

public decimal Finalize(decimal subtotal) => _strategy.Apply(subtotal);

11 T
var svc = new CheckoutService(new PercentageDiscount(0.15m));
Console.WriteLine(svc.Finalize(100m)); // 85.00
2ah
o usnngmInalinaseuldie
. Lﬁmaqﬂﬂ%ﬂ@ﬂ"L;JéT@dLLﬂ“T@T@L@M
2BAITILII

¢ NagNFIWINIIN — AIuquMILAaneIn DI/AauAnrIa factory andu

Observer

=Y
LIAR
HEINA (Observers) inTTLIngMITlNENFING (Subject) uargnuindadniafouudas

v A '

1xaalus

. I&IL@&-’?’J, ‘S‘;iJULLﬁTGLaau, event stream

« 89 decouple HEILNgMIANUATURAETY

6

31] HUUHANIIUULY .NET (Event Pattern)
public class PriceChangedEventArgs : EventArgs
{

public required string Symbol { get; init; }

public required decimal NewPrice { get; init; }

C# Programming: Advance wih 6
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public class StockTicker

{

public event EventHandler<PriceChangedEventArgs>? PriceChanged;

public void Update(string symbol, decimal price)
=> PriceChanged?.Invoke(this, new PriceChangedEventArgs { Symbol = symbol,
NewPrice = price });

}

public class AlertService
{
public void Subscribe(StockTicker ticker)
=> ticker.PriceChanged += OnPriceChanged;

private void OnPriceChanged(object? sender, PriceChangedEventArgs €)

{
if (e.NewPrice > 100) Console.WriteLine($"ALERT {e.Symbol} > 100");

11 I
var ticker = new StockTicker();
var alert = new AlertService();

alert.Subscribe(ticker);

ticker.Update("MSFT", 99m);
ticker.Update("MSFT", 120m); // =WUW ALERT
aadanls .NET
« event/EventHandler<T>: LU1 138148
« |Observable<T>/IObserver<T>: AUTDYALLL reactive LANNALEATU/MNIHE Rx
2BAITIE
e &% -= unsubscribe — memory leak; e using var sub = observable.Subscribe(...) (Rx)
%38 weak event pattern Sasuin

e 30M7 concurrency b handler 1@ (813689 queuellock #3814 SynchronizationContext)

C# Programming: Advance wih 7
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Dependency Injection (DI)
UWIAR
ﬂé’ﬂﬁmmiﬁaww (Inversion of Control): A8& “Uaninaednsezls” K1 interface/constructor
Wl b “new” 1849 YN IKNARBL/FAL implementation be
Wialns
o ldadasnasavldd (mock 1¢)
e LENLaLEa3 (Domain, Infra) LLa:a@migﬂa@ﬂauﬂ%m
o @RINITIANTT lifecycle (Transient/Scoped/Singleton)
Tasssvaand

public interface IEmailSender

{
Task SendAsync(string to, string subject, string body);

public class SmtpEmailSender : IEmailSender

{
public Task SendAsync(string to, string subject, string body)

{
Console.WriteLine($"SMTP — {to}: {subject}");

return Task.CompletedTask;

public class OrderService

{

private readonly IEmailSender _email;

public OrderService(IEmailSender email) => _email = email;

public async Task PlaceAsync()
{
Il ... Uwhndnsade

await _email.SendAsync("user@example.com", "Order Placed", "Thanks!");

C# Programming: Advance wih 8
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}

asnziianae Microsoft.Extensions.Dependencyinjection

using Microsoft.Extensions.Dependencylnjection;
var services = new ServiceCollection();

/I \ian lifecycle TAinane
services.AddSingleton<IEmailSender, SmtpEmailSender>();

services.AddTransient<OrderService>();
var provider = services.BuildServiceProvider();

/I Resolve uazlgou

var order = provider.GetRequiredService<OrderService>();
await order.PlaceAsync();

Lifetimes ﬁwuﬁaﬂ

e Transient: a%”ml%&inﬂﬂ%'d LANNZNU service haidl state

Scoped: wiinsisa scope (Viwda HTTP request 1 ASP.NET Core)

Singleton: Susuaudiisliananaiguay (3x39 state usn/la thread-safe)

©

NARDUINE (mock/fake)

« 8@M"7 coupling, &L Clean Architecture
% . v 6
e IANTT IIfecyCIe/ﬂE]u‘ﬂﬂvl,@i]’mgluﬂﬂa’]d
2BAITIEN
e  WANLALY Service Locator (anti-pattern) LWINzBaw dependency
o athld dependency yniiwldlu constructor (code smell) — L8N service 3ot
Facade

e J2UABLNL Singleton + dependency ﬁLﬂu scoped/transient (captured scope)

wnanausan (IFulwldsndndass)
« Singleton: teasfifvinlw “pure” wazliiAiy mutable state finafinsndu
o Factory: Lé&lﬁl Simple Factory — I@"ﬁ?u@iaﬁﬁwvlﬂ DI container/Abstract Factory
o Strategy: LNiUaauin — ﬂaqﬂfﬁaﬂ Dictionary/DI (1% “discount=vip” —

VipStrategy)

C# Programming: Advance wih 9
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o Observer: Uufin/mwuanlauie unsubscribe lATaLaN (I@]EJL@LW’]?: long-lived subjects)
a 6 1 . « A Ao ” [
e DI: WUWHNTY interface L&ND, 9 “UTzNARINGBINIT Tu constructor, 39

registration/lifetime lﬁgﬂ

Singleton — DWALARTLALINITZUL (Deep dive)
WWIAAAH q: fifpsBusuandifsiasammin 9 anaaaTyuay LLa:Qﬂmﬁﬁaﬁ]’mnﬂﬁ
ol
e Shared configuration, cache, telemetry client, logging (LL@ilu NET %nlt DI #1930
logging L)
« 1dafigoam3 global access point LAABINILANNIRT
sluuuns1n (CH)
1. Eager initialization (static readonly) — 418 & thread-safe

public sealed class EagerSingleton

{

public static readonly EagerSingleton Instance = new EagerSingleton();

private EagerSingleton() { }

2. Static constructor (guarantees no beforefieldinit issues)

public sealed class StaticCtorSingleton

{
public static readonly StaticCtorSingleton Instance;
static StaticCtorSingleton() { Instance = new StaticCtorSingleton(); }
private StaticCtorSingleton() { }

}

3. Lazy (uwe1) — Uaaanslu multi-thread wazanwdne

public sealed class LazySingleton

{

private static readonly Lazy<LazySingleton> _inst = new Lazy<LazySingleton>(() => new
LazySingleton());

public static LazySingleton Instance => _inst.Value;

private LazySingleton() { }
}

4. Double-checked locking (manually) — i1 uditnlauui@e

C# Programming: Advance wih 10
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public sealed class DclSingleton

{
private static volatile DclSingleton? _instance;
private static readonly object _lock = new();
private DclSingleton() { }
public static DclSingleton Instance
{
get
{
if (_instance == null)
{
lock (_lock)
{
if (_instance == null) _instance = new DclSingleton();
}
}
return _instance;
¥
}
}

DI-friendly Singleton (L1819 501D UD39)
Lmu‘ﬁlﬁ]z&l"ﬁ’ static singletons Iaanzifon service 1u singleton 1w DI container:
services.AddSingleton<IMyService, MyService>();
ﬂzyﬁﬂﬁﬁﬁty: penda (inject) Scoped service SR singleton lasass — %Lﬁ@mﬁ”umq*‘uad
dependency @ lifecycle (capturing scoped in singleton)
33un: 19 singleton $U IServiceScopeFactory Laa8$19 scope Lilosnidlu w383y factory/delegate
IWoaT 19 scoped instance MNURDINS:
public class SingletonUsingScoped
{

private readonly |ServiceScopeFactory _scopeFactory;

public SingletonUsingScoped(IServiceScopeFactory scopeFactory) => _scopeFactory =
scopeFactory;

public void DoWork()
{

C# Programming: Advance wih 11
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using var scope = _scopeFactory.CreateScope();
var repo = scope.ServiceProvider.GetRequiredService<IMyScopedRepo>();

repo.Do();

}
AaA21335239 / Pitfalls

o Hidden global state — #1n¢a unit testing

e Serialization / Reflection / Multiple AppDomains — 8138319 instance Lﬁlwvl,ﬁ (rare)

¢ IDisposable: o singleton {18 resource "ﬁlﬁad dispose — 1% container Lﬂu;ﬁ@mi
lifecycle W309AN1Y disposal TALA

o Testing: static singletons #1n@a mocking — prefer DI singletons

Factory — LENN1I§31980NIINN1T 1291 (Deep dive)
WWIAA: LINWINTINIRTI90aULENG (creation) 89N9NN131E97% (consumption) — 8@ new
N3¥IANTLAINBUAT switch %38 if 11 business code
szian
« Simple Factory: Waﬁ%’u/ﬂmaﬁﬁudﬁ'@qmmﬁﬁ
« Factory Method: 1% subclass aaaulainazasrsnauniasialnu (14 inheritance)
o Abstract Factory: 314 family maaaam%ﬂ@?ﬁﬁﬁﬁ'u (theme, provider)
¢ Generic Factory / Delegate Factory: it generic #38 Func<T> Lﬁaﬁmﬂgju
#1@819: Simple Factory — 13uT4# DI-friendly
Simple switch — Usuidu Dictionary + DI Lﬁialﬁ’ extensible
Il Interface

public interface IPaymentProcessor { void Pay(decimal amount); }

/I Implementations

public class CardProcessor : IPaymentProcessor { public void Pay(decimal amount) =>
Console.WriteLine("Card"); }

public class PaypalProcessor : IPaymentProcessor { public void Pay(decimal amount) =>

Console.WriteLine("PayPal"); }

/I Factory that uses DI to resolve concrete processors by key

public interface IPaymentFactory { IPaymentProcessor Create(string key); }

C# Programming: Advance wih 12
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public class PaymentFactory : IPaymentFactory
{
private readonly IServiceProvider _sp;
private readonly IReadOnlyDictionary<string, Type> _map;
public PaymentFactory(IServiceProvider sp)
{
_Sp = sp;
_map = new Dictionary<string, Type>
{
["card"] = typeof(CardProcessor),

["paypal"] = typeof(PaypalProcessor)

}

public IPaymentProcessor Create(string key)
{
if (!_map.TryGetValue(key, out var type)) throw new KeyNotFoundException(key);

return (IPaymentProcessor) sp.GetRequiredService(type);

/I Registration

services.AddTransient<CardProcessor>();

services.AddTransient<PaypalProcessor>();

services.AddSingleton<IPaymentFactory, PaymentFactory>();

vaf: missnzidouriialndlddauildaglsitniy — udamzidou type uaz map key
Generic Factory

public interface IFactory<T> { T Create(); }

public class GenericFactory<T> : IFactory<T> where T : new() { public T Create() => new T(); }
Factory Method (GT’JE] Ei’l\‘l)

14148 subclass @DINILANNNIFIY object

public abstract class Document { }

public class PdfDocument : Document { }

public class WordDocument : Document { }
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public abstract class DocumentCreator
{
protected abstract Document CreateDocument();
public void Save() { var doc = CreateDocument(); /* save */ }
}
public class PdfCreator : DocumentCreator { protected override Document CreateDocument()
=> new PdfDocument(); }
FBAITIEN
o 2t l# business logic teazlu factory — M factory Y Ag 9L
o BINIANNIAREE TR ToNEunL DI container %38 Registry pattern
nmMInaday
¢  NARDL mapping VaJ key — type

e  NAFAU behavior VBINDUNIAAAFLENNY (Mock dependencies)

Strategy — IR@anaanasNALUY runtime (Deep dive)
uwada: uanifuudaneifinldlasnnwndnysudu interface n3a delegate
v A

1#de
o WAwEANaININNYIMINALGEIN® uenguaned19n (discounts, routing, sorting)
o @84 swap logic lagliunlaa caller

stuuunslaen
1. Interface-based (class-per-strategy)

public interface IDiscountStrategy { decimal Apply(decimal amount); }

public class NoDiscount : IDiscountStrategy { public decimal Apply(decimal amount) => amount;
}
public class TenPercent : IDiscountStrategy { public decimal Apply(decimal amount) => amount

*0.9m; }

public class Checkout
{
private readonly IDiscountStrategy _strategy;
public Checkout(IDiscountStrategy strategy) => _strategy = strategy;

public decimal FinalPrice(decimal subtotal) => _strategy.Apply(subtotal);
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2. Delegate-based — linin/laidasasnanaiaas:
Func<decimal, decimal> noDisc = x => x;
Func<decimal, decimal> tenPct = x => x * 0.9m;
3. Using DI + Factory for selection by key/config
/I register
services.AddTransient<IDiscountStrategy, NoDiscount>("none"); // (pseudo, .NET DI aifi
named by default)

/I w38 aanzidaunang implementation Wa% resolve IEnumerable<IDiscountStrategy>

Y

=
a6
. Lﬁ&l/Lﬂﬁﬂuﬂﬂﬂqﬁﬂﬂﬂ‘lﬂﬂizﬂu caller
. LL@iaxﬂaqﬂﬁmaaﬂﬁdw
Pitfalls
v A 6o = . A A
o DNUNIYNDIIUWIUNIN AIIN mapping/factory LWBLAEN
1 2 6 v U a o [
o atlinagniinatoya global mnifinly — vlwnasevesin
Advanced: Strategy + Policy

1o Strategy TINAY policy configuration (IOptions) Lﬁﬂﬁﬁﬂﬂﬂgﬂ‘ﬁ(ﬂ’m config Wt runtime

Observer — event-driven, push-based (Deep dive)

UWIAR: Subject 1139 Observer Lﬁaﬁm@;mini — decouples source and listeners

.NET LLiJiJﬁz:‘lLaa\l: event + EventHandler<T>

public sealed class PriceChangedEventArgs : EventArgs { public string Symbol { get; init; }

public decimal NewPrice { get; init; } }

public class StockTicker
{

public event EventHandler<PriceChangedEventArgs>? PriceChanged;

public void Update(string symbol, decimal price) =>

PriceChanged?.Invoke(this, new PriceChangedEventArgs { Symbol = symbol, NewPrice =

price });
}
m33unlylvilaaany (thread-safe invoke):

var handler = PriceChanged;
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handler?.Invoke(this, args);
(1% C# 6+ PriceChanged?.Invoke(this, args); ANeIWa wan1snaaan local ref Ta9n race
condition luN9nTEL)
T & wwaneun
e Memory leak: ﬁ”];ﬂyﬂd (subscriber) ﬁmqaguﬂ'j'] publisher uazld unsubscribe — L@
leak
A5un:
o subscriber @83 -= LﬁﬂLﬁﬂl‘ﬁ\‘i’]u (Dispose pattern, finalizer, event aggregator)
o 7 weak event (43% WPF WeakEventManager) %30 implement weak-reference
subscription
¢ Concurrency: Handler 87133uuu thread lan ke — 1% handler 1w thread-safe %38
marshal ﬂﬁ"i_l;j synchronization context (Ul thread)
o Async handlers: Un@ event handler 14 await; 616890135 async k5 Func<object,
TArgs, Task> %38 pattern OnSomethingAsync Lae await Task.WhenAll(handlers)
A28819 async event raising
public event Func<object, PriceChangedEventArgs, Task>? PriceChangedAsync;

public async Task UpdateAsync(string symbol, decimal price)

{

var handlers = PriceChangedAsync;

if (handlers == null) return;

var invocationList = handlers.GetlnvocationList(). Cast<Func<object, PriceChangedEventArgs,
Task>>();

var tasks = invocationList.Select(h => h(this, new PriceChangedEventArgs { Symbol =
symbol, NewPrice = price }));
await Task.WhenAll(tasks);
}
Reactive Pattern: IObservable<T> / IObserver<T>
e LWNNZNU data streams, backpressure, composition (LINQ over streams)
e AWMRINIIN implement simple observable:
public class SimpleObservable<T> : |Observable<T>
{
private readonly List<IObserver<T>> _observers = new();

public IDisposable Subscribe(IObserver<T> observer)

{

C# Programming: Advance wih 16



o v A v A
g{uwm%ammumiw

_observers.Add(observer);
return new Unsubscriber<T>(_observers, observer);

}

public void Publish(T item) { foreach (var o in _observers) 0.OnNext(item); }
}
%38lT Rx.NET (System.Reactive) S1%3UNI¥NUULLL complex stream (buffering, throttling,
windowing)
Event Aggregator / Mediator
Lﬁaﬁﬁjﬁimazg{uﬁﬁmﬂﬁmﬂ 1% event aggregator Lﬁa decouple:
public interface IEventAggregator { void Publish<T>(T ev); IDisposable Subscribe<T>(Action<T>
handler); }
(Frameworks L% MediatR, Prism 3 implementations ﬁLLﬂl‘:\‘leid)
Testing
e 1@®8UIN publisher 138N handler Lﬁmﬁ@mqmmi

« 1@FAUIN subscriber N unsubscribe \{Ja dispose

Dependency Injection (DI) — ﬁnqﬂﬁm%'um‘saammmzuu
UWIAA: Inversion of Control — gﬂv[,&iag’w dependency L84 LATUNY
constructor/property/method — a@ coupling — L‘ﬁlu testability
Injection types

e Constructor injection (Lmzﬁ,’l) — T@ALaW, immutable dependencies

¢ Property injection — 113U optional dependencies; Dalanmalh dependency vL&iQﬂ

inject (less explicit)

«  Method injection — § %51 dependencies M1FT2ATITIAT
.NET Core DI (Microsoft.Extensions.Dependencylnjection)
var services = new ServiceCollection();
services.AddTransient<IRepository, SqlRepository>();
services.AddScoped<IUnitOfWork, UnitOfWork>();
services.AddSingleton<ICache, MemoryCache>();
var provider = services.BuildServiceProvider();
Lifetimes (ﬁ’]ﬁ'mu)

e Transient — new ¥)n resolve

e Scoped — niada scope (ASP.NET Core: per HTTP request)
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e Singleton — wisBuguanTanaauol
damn: ati 1A Singleton %uagjﬁu Scoped/Transient ﬁmiﬁa’]qﬁguﬂ’j’] — 23U scope WA
(lifetime capture bug)
N133ANI3 Circular Dependencies
NABUFATALADITAH BINIINWUAZNW:
¢ Refactor to remove circular dependency (best)
e Use Lazy or Func or IServiceProvider to defer resolution
public class A { public A(Lazy<B> b) { var actualB = b.Value; } }
Registration patterns & advanced
¢ Open generics
services.AddTransient(typeof(IRepository<>), typeof(Repository<>));
e Multiple implementations — inject IEnumerable<IHandler> LLa:Lﬁaﬂ/aggregate
¢ Named registrations — .NET DI aifi built-in; alternatives:
o register dictionary: IDictionary<string, Func<IServiceProvider, IMyService>>
o use keyed factory service
o use third-party container (Autofac) for native named registrations
¢ Factory delegates

services.AddTransient<Func<string, INotifier>>(sp => key =>

{

return key switch {

"email" => sp.GetRequiredService<EmailNotifier>(),

N

¢ |Options pattern #1130 configuration-bound services
Composition Root (f1anaa1iaanisx)

. Lﬁmﬁﬁﬂ’ﬂuuaﬂﬁéﬁﬁﬂi:ﬂau object graph (startup/bootstrap)

« 1N registration et — Iaaawliaasen new §msl service ‘ﬁmsgﬂ inject
Service Locator — anti-pattern
MI3en serviceProvider.GetService<T>() VTIQI@T@Lﬂu service locator — a1 dependency i
test &N
Performance & memory

« DI resolution dentantias — laitduilywnlu most apps

« LG avoid resolving transient heavy objects in hot loops — create once if expensive
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e Dispose: container 3¢ dispose services ﬁ implement IDisposable ﬁ'ﬁqmsl“ff container Lﬁa
§379 them (scoped/singleton)
Unit testing with DI
o 319 ServiceCollection 11 test uas override registrations
o 7130 instantiate class la8l&d mock dependencies (Moq)
/I xUnit + Mog example (concept)
var mockEmail = new Mock<IEmailSender>();
var svc = new OrderService(mockEmail.Object);
await svc.PlaceAsync();
mockEmail.Verify(m => m.SendAsync(It.IsAny<string>(), It.IsAny<string>(), It.IsAny<string>()),
Times.Once);
Common real-world problems & solutions
¢ Too many constructor parameters — waniu cohesive services w3814 Facade
e Scoped services in background singleton tasks — create scope inside background
job before using scoped services

¢ Lifetime mismatch — validate via analyzer/tools or unit test composition root

ASHETBUNNLNTIANA I8N (Integration)
wataSenlEwans pattern SI3AU:
e Factory + DI: Factory 1o IServiceProvider Lﬁa resolve implementations (extensible)
o Strategy + DI: register strategies and resolve according to config or runtime key
o Observer (Event Aggregator) + DI: event aggregator registered as singleton,
subscribers registered as transient/scoped and subscribe at construction or via DI hook
¢ Singleton + Scoped: singleton uses IServiceScopeFactory to get scoped services per
operation
ﬁ'sashaé{gu ): Payment flow
e Factory L\8an PaymentProcessor (Card/PayPal)
o Strategy fNutw fee (percentagef/fixed)
e Observer LLﬁT\‘lizuuéujﬂ payment f139 (EventAggregator)

04 = .
e DI 3gn1InIainsiug e lifecycle

Testing & Maintainability — Lﬂgﬂﬁ'm%dﬂf]ﬂa

e Prefer constructor injection — makes dependencies explicit
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Mock dependencies in unit tests; avoid static singletons in core logic

Keep factories simple — ol logic 471N lﬁﬂ’mvlﬂﬁl service/class LENAIIAIN

For events, ensure subscribers unsubscribe — use IDisposable pattern for subscription
lifetime

Validate DI registrations: run integration tests that build ServiceProvider and resolve

root services

Cheat-sheet / Quick Decisions

A8IN1I single global instance + control lifecycle — Singleton via DI (not static)
@8Ny swap concrete type runtime (e.g., provider) — Factory

@84N17 swap algorithm/behavior — Strategy (or Func delegate)

A8IN1I publish/subscribe (decoupled) — Observer / EventAggregator /
IObservable

@84N"17 testable, decoupled wiring — Dependency Injection (composition root,

constructor injection)

Singleton Pattern Tw c#

1. UWIAA (Concept)

Singleton Lilu Design Pattern nlZiwal# aananibedllnaguna Instance Lag2 lnszuUARDA

nsviewaaslisunsa uazlwil 9aidnfs (Global Access Point) LWB99LAE7

lﬂuﬂitﬁﬁﬁadmsmimuqm state §21nand (global state)
ANNEENIL resource NigaslEsanmi 1

o Logger (Szuuuyuﬁﬂ log)

o Configuration Manager (5@ﬂ’1§@hﬂ8%ﬂﬂ)

o Database Connection Manager

o Cache

2. Tasease (Structure)

| Singleton |

e |

| - instance | (static field)

| + Instance | (static property)
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o private constructor — tJasnu lail#a319 object lasasInm new

- . <3 . ~ P A
o static field — LNU instance WHIVUILAED

o static property/method — %9184 instance

3. Aod19lan (Basic Implementation)

public sealed class Singleton

{

/I \DU instance LA8IUDY Singleton

private static Singleton _instance = null;

/I 9188n§1AIU Thread-Safety

private static readonly object _lock = new object();

I/ Taw constructor
private Singleton()

{

Console.WriteLine("Singleton Instance Created!");

/I Property 130014 Instance
public static Singleton Instance
{
get
{
/I Double-Check Locking
if (_instance == null)
{
lock (_lock)
{
if (_instance == null)

{

_instance = new Singleton();
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}

return _instance;

/I 9718819 method

public void DoWork(string task)

{
Console.WriteLine($"Doing: {task}");

4. 35 1%

class Program

{
static void Main()
{
var s1 = Singleton.Instance;
var s2 = Singleton.Instance;
s1.DoWork("Task A");
s2.DoWork("Task B");
Console.WriteLine(Object.ReferenceEquals(s1, s2)); // True
}
}
[ waans:

Singleton Instance Created!
Doing: Task A

Doing: Task B

True

LLAWIN instance gﬂaﬁ?ﬁdtﬁmﬂ{uam waziSunlTunaaat
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5. Thread Safety uaz Lazy Initialization
(n) wuuly Lazy

public sealed class Singleton

{

private static readonly Lazy<Singleton> _instance =

new Lazy<Singleton>(() => new Singleton());

private Singleton()

{

Console.WriteLine("Lazy Singleton Created!");

public static Singleton Instance => _instance.Value;

o Lazy<T> 284 .NET 3an3 thread-safe l#iSausas

« instance azgnasiindailadiniaiunldanuaisusn (Lazy Initialization)

6. N31l3zyNa 1791939
(n) Singleton Logger
public sealed class Logger

{

private static readonly Lazy<Logger> _instance =
new Lazy<Logger>(() => new Logger());

private Logger() { }

public static Logger Instance => _instance.Value;

public void Log(string message)

{

Console.WriteLine($"[{DateTime.Now}] {message}");
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MIEa:
Logger.Instance.Log("Application Started");

Logger.Instance.Log("User logged in");

(2) Singleton Configuration Manager

public sealed class ConfigManager

{
private static readonly Lazy<ConfigManager> _instance =
new Lazy<ConfigManager>(() => new ConfigManager());

private Dictionary<string, string> _settings;

private ConfigManager()

{
_settings = new Dictionary<string, string>
{
{ "AppName", "MyApp" },
{ "Version", "1.0.0" }
2
}

public static ConfigManager Instance => _instance.Value;

public string Get(string key) => _settings.ContainsKey(key) ? _settings[key] : null;
}

NI

string appName = ConfigManager.Instance.Get("AppName");
Console.WriteLine(appName); // MyApp

7. 98f (Pros)
o il Instance 1@ign AILQY state FIunandlddne
o 1318 resource (1T Database Connection Pool)
« { Global Access Point 19827

8. 2aL&w (Cons)
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lguniiuld — anananedu Global Variable — gnndianInasay (Unit Test)
§319 Coupling g9 iwmznnauluszuuiIonldauniiu Singleton
luszuuN A@9n13 scalability 154 Cloud #38 Microservices — M34 instance L@87813

11J34 bottleneck

QQAI:I

9. LLWJ‘.IJ{]?JGWIL‘W&J’]:&N (Best Practices)

1.
2.

5 Lazy<T> WNN3LT8% Double-Check Lock Lad

o o @ a A oA A a a .
FanslTw — L@awne resource NAITRLANEINTHILALDTI ¢ (Logger, Config, Cache)
Myzuufianusugenunn — W5 b Dependency Injection (DI) L% Singleton
(3% flexible LAz testable N31)

%N Singleton @a4LNL state — @8932791389 Thread Safety Lguo

] syl

. & Af o o . a A A Y v 2 A
Singleton 1w Pattern ﬂlTﬂjUﬂ{Nﬂ’]iai’N instance LWENAUILALIVBIARR LLazlﬁﬁg‘@]Lﬂl’lﬂﬂLWUd

0LAL7 11NN resource AIlETINAY udthlEAaNRamia1aviliszuy coupling gauazennda

nInaxayle

arad19ng1w 3 Tdsunsa (Basic Singleton Tglugnunisoidng )
drad1unwitlszynd 3 TUsunsa (Integration/Real-world Usage)

s 1 6 & ® ) a 'Y}
nnearatnsazu Tassasslnatnas + INaaa + aradualan + Han135H

P ] ¥ o f
1 wasndi 1: Tdsunsaiing i 3 arasne

[ ] @7@819N 1 - Singleton wuY Thread-Safe W11

1 Tassasslilsand

SingletonExample1/

I— Program.cs

L Logger.cs

[] Logger.cs

using System;

namespace SingletonExample1

{
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/I Logger e Singleton

public sealed class Logger

{

private static readonly Lazy<Logger> _instance = new Lazy<Logger>(() => new Logger());
public static Logger Instance => _instance.Value;

private Logger()
{

Console.WriteLine("Logger created!");

public void Log(string message)

{
Console.WriteLine($"[LOG] {message}");

}

] Program.cs

using System;

namespace SingletonExample1

{

class Program

{

static void Main(string[] args)

{
Console.WriteLine("Start logging...");

Logger logger1 = Logger.Instance;

logger1.Log("Hello from logger1");

Logger logger2 = Logger.Instance;

logger2.Log("Hello from logger2");
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Console.WriteLine(Object.ReferenceEquals(logger1, logger2)
? "logger1 and logger2 are the same instance."

: "Different instances!");

}
1 enadunalaa

o 4 Lazy<T> waldnsasns instance Uaoasibda multi-thread
e Logger.Instance AU object ANALIFND
e  AIANDLAY Object.ReferenceEquals 31 instance LABINHITI
[l wan193w
Start logging...
Logger created!
[LOG] Hello from logger1
[LOG] Hello from logger2

logger1 and logger2 are the same instance.

[] fa@8197 2 — Global Configuration Singleton
(] Taseasne
SingletonExample2/
I— Program.cs
L AppConfig.cs
| AppConfig.cs

using System;

namespace SingletonExample2

{
public sealed class AppConfig

{
private static readonly AppConfig _instance = new AppConfig();

public static AppConfig Instance => _instance;

4 v A v A
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public string AppName { get; private set; }

public string Version { get; private set; }

private AppConfig()

{
AppName = "MyApplication";

Version = "1.0.0";

}

[] Program.cs

using System;

namespace SingletonExample2

{

class Program

{

static void Main(string[] args)

{

var config = AppConfig.Instance;

Console.WriteLine($"App: {config.AppName}, Version: {config.Version}");

}
L wan1ss

App: MyApplication, Version: 1.0.0

[ ¢magnefi 3 — Singleton 14 Multithreading
(] Taseasne
SingletonExample3/
I— Program.cs
L Counter.cs
_| Counter.cs

using System;
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namespace SingletonExample3

{

public sealed class Counter

{

private static readonly Lazy<Counter> _instance = new Lazy<Counter>(() => new
Counter());

public static Counter Instance => _instance.Value;

private int _count = 0;

private readonly object lock = new object();

private Counter() { }

public void Increment()

{
lock (_lock)
{
_count++;
}
}

public int GetCount() => _count;

}

| Program.cs
using System;

using System.Threading.Tasks;

namespace SingletonExample3

{

class Program

{

static void Main(string[] args)
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{
Parallel.For(0, 1000, i =>
{
Counter.Instance.Increment();
b:;
Console.WriteLine($"Final Count: {Counter.Instance.GetCount()}");
}
}
}
(] wan13sn

Final Count: 1000
wanyirviudasanslu multi-thread)

1 wasndi 2: Tdsunsauwadlszand 3 aradig

[] ﬁ'ﬁa&i’ldtm’sﬂi:qﬂﬁﬁ 1 — Database Connection Manager
] Taseasne
SingletonApp1/
I— Program.cs
L DatabaseConnection.cs
|| DatabaseConnection.cs

using System;

namespace SingletonApp1

{

public sealed class DatabaseConnection

{

private static readonly Lazy<DatabaseConnection> _instance =

new Lazy<DatabaseConnection>(() => new DatabaseConnection());
public static DatabaseConnection Instance => _instance.Value;

private DatabaseConnection()
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Console.WriteLine("Database connection established.");

public void Query(string sql)

{
Console.WriteLine($"Executing SQL: {sql}");

}

[] Program.cs

using System;

namespace SingletonApp1

{

class Program

{

static void Main(string[] args)

{

var db1 = DatabaseConnection.Instance;

db1.Query("SELECT * FROM Users");

var db2 = DatabaseConnection.Instance;

db2.Query("INSERT INTO Users VALUES (‘Alice’)");

Console.WriteLine(Object.ReferenceEquals(db1, db2)
? "Single DB instance used!"

: "Multiple DB instances detected!");

}
L wan1ssi

Database connection established.

Executing SQL: SELECT * FROM Users
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Executing SQL: INSERT INTO Users VALUES (‘Alice")

Single DB instance used!

N ﬁaasi'wuwaﬂszzgnﬁﬁ 2 — App Settings Loader (3182381%31n &)
(] Taseasne
SingletonApp2/
I— Program.cs
L SettingsManager.cs
L] SettingsManager.cs

using System;

namespace SingletonApp2

{

public sealed class SettingsManager

{

private static readonly Lazy<SettingsManager> _instance =

new Lazy<SettingsManager>(() => new SettingsManager());
public static SettingsManager Instance => _instance.Value;

public string Language { get; private set; }

public string Theme { get; private set; }

private SettingsManager()
{

Console.WriteLine("Loading settings from config file...");
Language = "English";

Theme = "Dark";

}

[] Program.cs

using System;
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namespace SingletonApp2

{
class Program
{
static void Main(string[] args)
{
var settings = SettingsManager.Instance;
Console.WriteLine($"Language: {settings.Language}, Theme: {settings.Theme}");
var settings2 = SettingsManager.Instance;
Console.WriteLine($"Language: {settings2.Language}, Theme: {settings2.Theme}");
}
}
}
[l wan193w

Loading settings from config file...
Language: English, Theme: Dark
Language: English, Theme: Dark

N ﬁaasi'mu,wmszqnﬁﬁ 3~ Logger fiLfill Log 1snaali Memory
(1 Taseasne
SingletonApp3/
I— Program.cs
L MemoryLogger.cs
[] MemoryLogger.cs
using System;

using System.Collections.Generic;

namespace SingletonApp3

{

public sealed class MemoryLogger

{

private static readonly Lazy<MemorylLogger> _instance =

new Lazy<MemoryLogger>(() => new MemoryLogger());
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public static MemoryLogger Instance => _instance.Value;

private readonly List<string> _logs = new List<string>();

private MemoryLogger() { }

public void Log(string message)

{
_logs.Add($"{DateTime.Now}: {message}");

public void ShowLogs()

{
Console.WriteLine("==== Logs ===="),
foreach (var log in _logs)
{
Console.WriteLine(log);
}
}

}

] Program.cs

using System;

namespace SingletonApp3

{

class Program

{

static void Main(string[] args)

{

var logger = MemoryLogger.Instance;

logger.Log("App started");
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