Standalone Architecture
In Angular 21, Standalone Architecture is the absolute default. The framework has entirely moved away from the legacy NgModule (app.module.ts) setup, pushing towards a lean, component-driven development model that features faster build times via esbuild, explicit dependency tracking, and native tree-shaking. [1, 2, 3, 4, 5]
Here is an architectural breakdown of how an Angular 21 application functions without modules.

1. The Bootstrapping Process (No AppModule)
Instead of bootstrapping a module, Angular 21 uses bootstrapApplication in main.ts to directly spin up the root component, passing an application-wide configuration file (app.config.ts) to register global providers. [1, 2, 3]
src/main.ts (Entry Point)
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import { bootstrapApplication } from '@angular/platform-browser';
import { appConfig } from './app/app.config';
import { AppComponent } from './app/app.component';

bootstrapApplication(AppComponent, appConfig)
  .catch((err) => console.error(err));

src/app/app.config.ts (Global Providers Control Center)
Instead of using NgModule imports or providers, routers, HTTP clients, and animations are configured here using functional APIs: [1, 2]
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import { ApplicationConfig, provideZoneChangeDetection } from '@angular/core';
import { provideRouter } from '@angular/router';
import { provideHttpClient } from '@angular/common/http';
import { routes } from './app.routes';

export const appConfig: ApplicationConfig = {
  providers: [
    provideZoneChangeDetection({ eventCoalescing: true }), // Shift towards Zoneless
    provideRouter(routes),                                // Standalone Routing
    provideHttpClient()                                   // Standard HTTP client provider
  ]
};


2. Anatomy of an Angular 21 Standalone Component
Components now manage their own dependencies. If you want to use a template feature (like structural directives) or another component, you must import it directly inside the @Component decorator. [1, 2]
Note: With Angular 21's new template features, legacy utilities like CommonModule are often omitted in favor of self-contained component imports or built-in control flow (@if, @for). [1]
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import { Component, signal } from '@angular/core';
import { UserCardComponent } from './user-card.component'; // Custom standalone component

@Component({
  selector: 'app-user-list',
  standalone: true, // Optional in modern CLI as it defaults to true, but explicitly defines architecture
  imports: [UserCardComponent], 
  template: `
    <div class="container">
      @for (user of users(); track user.id) {
        <app-user-card [userData]="user" />
      }
    </div>
  `,
  styleUrl: './user-list.component.scss'
})
export class UserListComponent {
  // Utilizing Angular 21 reactivity via Signals
  users = signal<any[]>([]); 
}


3. Scalable Directory & Routing Architecture
Without feature modules to separate code boundaries, production-ready Angular 21 applications rely on a clean folder-based architecture to group concerns logically: [1]
text
src/
├── app/
│   ├── core/               # Singleton services, interceptors, global state
│   │   ├── services/
│   │   └── guards/
│   ├── shared/             # Reusable UI widgets, custom pipes, directives
│   │   └── components/
│   ├── pages/              # Routed view components
│   │   ├── dashboard/
│   │   └── profile/
│   ├── app.component.ts    # Root template shell
│   ├── app.config.ts       # Global provider configurations
│   └── app.routes.ts       # Routing definitions

Lazy Loading Routes
Routing is cleaner because you point directly to the component file using TypeScript dynamic imports, completely bypassing the old routing module structures: [1]
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import { Routes } from '@angular/router';

export const routes: Routes = [
  {
    path: 'dashboard',
    loadComponent: () => import('./pages/dashboard/dashboard.component')
      .then(m => m.DashboardComponent)
  },
  {
    path: 'profile',
    loadComponent: () => import('./pages/profile/profile.component')
      .then(m => m.ProfileComponent)
  }
];


4. Key Architectural Pillars in Angular 21
	Pillar
	How it works in Standalone

	Dependency Injection
	Handled natively at the root (app.config.ts) or inside individual elements using providedIn: 'root' on services.

	State Management
	Built directly around native Signals instead of overcomplicating with deep RxJS streams for standard state.

	Testing Isolation
	Test files (.spec.ts) get significantly smaller because TestBed.configureTestingModule no longer requires heavy module mocking; you simply import the standalone component under test.



Standalone components, directives, and pipes
In Angular 21, standalone architecture is the absolute standard and the default behavior across the framework. Ever since Angular 19 made standalone: true the framework default, you no longer need to explicitly write the standalone: true property inside your decorators. [1, 2]
Components, directives, and pipes are self-contained units that explicitly manage their own dependencies via their imports array, completely bypassing the need for legacy NgModules. [1, 2, 3]

🧱 Standalone Components
Components are the primary building blocks of the UI. Because they are standalone by default, any child component, directive, or pipe used within its template must be declared directly in the component's imports array. [1, 2, 3]
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import { Component } from '@angular/core';
import { CommonModule } from '@angular/common';
import { CustomPipe } from './custom.pipe';
import { HighlightDirective } from './highlight.directive';

@Component({
  selector: 'app-user-profile',
  template: `
    <div appHighlight>
      <h2>{{ username | custom }}</h2>
    </div>
  `,
  styleUrls: ['./user-profile.component.css'],
  // Directly import template dependencies here
  imports: [CommonModule, CustomPipe, HighlightDirective] 
})
export class UserProfileComponent {
  username = 'angular_developer';
}

⚡ Standalone Directives
Directives modify the behavior or appearance of DOM elements. To use a standalone directive, create the class and import it straight into the component where it's required. [1, 2]
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import { Directive, ElementRef, HostListener } from '@angular/core';

@Directive({
  selector: '[appHighlight]'
  // standalone: true is implied by default in Angular 21
})
export class HighlightDirective {
  constructor(private el: ElementRef) {}

  @HostListener('mouseenter') onMouseEnter() {
    this.el.nativeElement.style.backgroundColor = 'yellow';
  }

  @HostListener('mouseleave') onMouseLeave() {
    this.el.nativeElement.style.backgroundColor = null;
  }
}

🧪 Standalone Pipes
Pipes are used directly within templates to format and transform data seamlessly. [1]
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import { Pipe, PipeTransform } from '@angular/core';

@Pipe({
  name: 'custom'
  // standalone: true is implied by default in Angular 21
})
export class CustomPipe implements PipeTransform {
  transform(value: string): string {
    return `🚀 ${value.toUpperCase()}`;
  }
}


🔄 Comparing Standalone vs Legacy NgModule
The table below outlines how modern Angular 21 standalone elements differ from the legacy module system: [1, 2, 3]
	Feature
	Modern Standalone Era (Angular 19+)
	Legacy Module Era (Angular 18 & older)

	Default Configuration
	Standalone by default. No extra flags needed.
	Required standalone: true or a declaring @NgModule.

	Dependency Registration
	Handled locally inside the element's imports array.
	Declared globally inside an NgModule's declarations array.

	Bootstrapping
	Initialized using bootstrapApplication(AppComponent).
	Initialized using platformBrowserDynamic().bootstrapModule(AppModule).

	Tree Shaking
	Excellent. Unused components are excluded from production builds.
	Difficult. Unused items bundle together if they belong to the same module.



🛠️ CLI Cheat Sheet
The Angular CLI builds standalone items by default: [1]
· Generate a Component: ng g c components/user-profile
· Generate a Directive: ng g d directives/highlight
· Generate a Pipe: ng g p pipes/custom [1, 2, 3]
Note: If you ever need to generate a legacy non-standalone element for backward compatibility, you must pass the flag explicitly: ng g c component-name --standalone=false. [1]
Would you like to explore how to migrate a legacy NgModule application to standalone, or see how to write unit tests for standalone elements? [1, 2]
· https://angular.dev/reference/migrations/standalone
· Getting started with standalone components
· Angular Standalone Components vs Modules
· Migrate an existing Angular project to standalone
· Built-in Pipes, Custom Pipes & Interpolation (Beginner Friendly)
· Your First Standalone Component
· Angular 21 Pipes Tutorial: Uppercase, Lowercase, Date, Slice & JSON Explained
bootstrapApplication and app configuration
In Angular 21, bootstrapApplication launches the app using a standalone root component instead of an AppModule. [1, 2, 3]
App Entry Point (main.ts)
The main.ts file calls bootstrapApplication and passes the root component alongside the global configuration. [1, 2]
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import { bootstrapApplication } from '@angular/platform-browser';
import { appConfig } from './app/app.config';
import { AppComponent } from './app/app.component';

bootstrapApplication(AppComponent, appConfig)
  .catch((err) => console.error(err));

App Configuration (app.config.ts)
The app.config.ts file replaces module-level providers by exporting an ApplicationConfig object with global features like routing, animations, and HTTP clients: [1, 2]
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import { ApplicationConfig, provideZoneChangeDetection } from '@angular/core';
import { provideRouter } from '@angular/router';
import { routes } from './app.routes';

export const appConfig: ApplicationConfig = {
  providers: [
    provideZoneChangeDetection({ eventCoalescing: true }),
    provideRouter(routes)
    // Note: HttpClient is provided by default in modern Angular versions
  ]
};

· https://angular.dev/api/platform-browser/bootstrapApplication
· Load configuration before bootstrapping Angular app





Route-based architecture design
Angular 21 route-based architecture focuses heavily on standalone components, fine-grained reactivity using Signals, and a structural shift toward feature-driven layout organization. With Angular 21 promoting a zoneless-by-default execution mindset, routing acts as the primary orchestrator for lazy loading, route-level state isolation, and component instantiation. [1, 2, 3, 4]

📂 Feature-Driven Folder Structure
Instead of separating files strictly by technical type (e.g., keeping all components in one folder, all services in another), modern Angular enterprise design groups by business capability. [1, 2]
text
src/app/
│
├── core/                         # Singleton services, global config, interceptors
│   ├── auth/
│   └── guards/
│
├── shared/                       # Reusable UI elements, pipes, custom directives
│   └── components/ (button, card)
│
└── features/                     # Route-driven business modules
    ├── dashboard/
    │   ├── components/           # Presentational components (internal only)
    │   ├── services/             # Dashboard-scoped local state (Signals)
    │   ├── dashboard.routes.ts   # Sub-routing rules
    │   └── dashboard.component.ts # Smart (routed) shell component
    │
    └── products/
        ├── product-list/
        ├── product-detail/
        └── products.routes.ts
Use code with caution.
· Core Layer: Houses global logic, tokens, and global route guards.
· Shared Layer: Houses pure, reusable components that do not rely on router state.
· Features Layer: Contains sub-folders representing isolated domains mapping directly to URL segments. [1, 2, 3]

🛠️ Architecture Mechanics in Angular 21
1. Code Splitting via Declarative Lazy Loading
All routed components must be configured using loadComponent or loadChildren to prevent heavy initial bundle loads. In Angular 21's standalone paradigm, routing files are cleanly isolated arrays. [1, 2, 3, 4]
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// app.routes.ts
import { Routes } from '@angular/router';

export const routes: Routes = [
  {
    path: '',
    redirectTo: 'dashboard',
    pathMatch: 'full'
  },
  {
    path: 'dashboard',
    loadComponent: () => import('./features/dashboard/dashboard.component').then(m => m.DashboardComponent)
  },
  {
    path: 'products',
    loadChildren: () => import('./features/products/products.routes').then(m => m.PRODUCT_ROUTES)
  },
  {
    path: '**',
    loadComponent: () => import('./core/components/not-found.component').then(m => m.NotFoundComponent) // Catch-all 404
  }
];

2. Isolated States via Route-Level Providers
Rather than cluttering providedIn: 'root', use the providers array inside the route configuration to instantiate feature-level services. The service will live and die with the active route's lifecycle. [1]
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// features/products/products.routes.ts
import { Routes } from '@angular/router';
import { ProductService } from './services/product.service';

export const PRODUCT_ROUTES: Routes = [
  {
    path: '',
    providers: [ProductService], // Isolated context bound to this route subtree
    children: [
      {
        path: '',
        loadComponent: () => import('./product-list/product-list.component').then(m => m.ProductListComponent)
      },
      {
        path: ':id',
        loadComponent: () => import('./product-detail/product-detail.component').then(m => m.ProductDetailComponent)
      }
    ]
  }
];

3. Signal-Based Active Route Tracking
Angular 21 integrates heavily with Signals to track navigation states. With features like the isActive() standalone function returning a Signal<boolean>, you can efficiently track if a specific sub-route is active without manual subscription management. [1]
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import { Component, inject } from '@angular/core';
import { isActive } from '@angular/router';

@Component({
  selector: 'app-nav-item',
  template: `<div [class.active]="isProductActive()">Products</div>`
})
export class NavItemComponent {
  // Returns a reactive Signal tracking URL activity natively
  protected isProductActive = isActive('/products', { exact: false }); 
}

4. Route Inputs for Decoupled Components
Avoid injecting ActivatedRoute inside presentational view components. Enable withComponentInputBinding() in your main router setup (main.ts) so parameters flows effortlessly into component inputs as Signals. [1, 2]
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// main.ts
bootstrapApplication(AppComponent, {
  providers: [
    provideRouter(routes, withComponentInputBinding())
  ]
});

// features/products/product-detail/product-detail.component.ts
@Component({...})
export class ProductDetailComponent {
  // Automatically populated by the router from the path param ':id'
  id = input.required<string>(); 
  
  // Reactively fetches data whenever the route param id changes
  product = computed(() => this.productService.getById(this.id()));
  
  private productService = inject(ProductService);
}


⚖️ Architectural Best Practices
	Patterns to Adopt
	Anti-Patterns to Avoid

	Functional Guards & Interceptors: Cleaner, lightweight code using functional paradigms.
	Class-based Guards: Legacy approaches that inflate boilerplates.

	Zoneless Execution: Fine-grained template rendering driven strictly by Signals.
	Zone.js Dependency: Relying on automatic, heavy top-down digest cycles.

	Standalone Components: Eliminates the overhead of managing NgModules.
	Shared Modules: Consolidating massive lists of components into monolithic module structures.



To tailor this architecture specifically to your needs, tell me:
· What is the scale or type of application you are building (e.g., E-commerce, SaaS dashboard, enterprise internal portal)?
· Are you integrating Server-Side Rendering (SSR) / Hydration, or sticking entirely to a client-side SPA?
· Do you plan to mix RxJS streams with your state management or stick mostly to a pure Signals-only data flow? [1, 2, 3]

· Routing in Angular | What is Signal
· Angular 21 Routing Tutorial for Beginners
· Angular 21 Routing Tutorial
· Angular 21 Project Setup Like a Pro 🚀 | Clean, Scalable & Production Ready


Feature-based folder structure
In Angular 21, the standard workspace heavily utilizes standalone components. A feature-based folder structure organizes code by business features rather than technical file types (avoiding the outdated approach of putting all services in one folder and all components in another). [1, 2, 3]
This modularity allows features to remain self-contained, scale easily, and lean into feature-based lazy loading via app.routes.ts. [1, 2]

The Recommended Architecture
text
src/
├── app/
│   ├── core/                  # App-wide singletons (never imported by features)
│   │   ├── auth/              # Global auth services & guards
│   │   ├── interceptors/      # HTTP interceptors
│   │   ├── services/          # Theme, API, or Logging singletons
│   │   └── core.providers.ts  # Combined global providers for app.config.ts
│   │
│   ├── features/              # Business-specific modules 
│   │   ├── dashboard/         # Dashboard Feature
│   │   └── auth/              # Authentication Feature
│   │       ├── components/    # Feature-specific, private components
│   │       ├── services/      # Feature-specific API/state services
│   │       ├── models/        # Interfaces and types for this feature
│   │       └── auth.routes.ts # Feature-based routing (lazy-loaded)
│   │
│   ├── shared/                # Global reusable UI blocks
│   │   ├── components/        # Buttons, modals, spinners
│   │   ├── directives/        # Custom directives (e.g., click-outside)
│   │   ├── pipes/             # Custom pipes (e.g., safe-html)
│   │   └── utils/             # Helper / pure functions
│   │
│   ├── layout/                # Application shell components
│   │   ├── header/
│   │   ├── sidebar/
│   │   └── footer/
│   │
│   ├── app.component.ts       # Root Component
│   ├── app.config.ts          # Global Configuration (SSR, state, routing)
│   └── app.routes.ts          # Root routing (lazy loads feature routes)
│
├── public/                    # Static assets like images and favicons
└── main.ts                    # Bootstrapping file


Key Breakdown of Folders
· core/: Houses application-wide configurations and singletons. Features should never explicitly import from core/ to preserve boundaries. Instead, register global dependencies in core.providers.ts and feed them into the root initialization. [1, 2]
· features/: The heart of your business logic. Each subdirectory represents a domain or user workflow. It holds its own internal components and routes. [1, 2, 3]
· shared/: Contains strictly stateless, reusable architectural building blocks. If a component contains heavy business logic or handles state, it belongs in a feature, not here. [1, 2]
· layout/: Houses global components that construct the visual shell framework of your application, like headers or side navigation menus. [1]

Implementing Feature-Based Routing
In Angular 21, clean routing isolates each feature. The root routing configuration acts simply as a gateway orchestrating feature-level entry points: [1]
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// app.routes.ts (Root Routing)
import { Routes } from '@angular/router';

export const routes: Routes = [
  {
    path: 'auth',
    loadChildren: () => import('./features/auth/auth.routes').then(m => m.AUTH_ROUTES)
  },
  {
    path: 'dashboard',
    loadChildren: () => import('./features/dashboard/dashboard.routes').then(m => m.DASHBOARD_ROUTES)
  }
];

Inside the feature directory, routing defines the internal page components cleanly: [1]
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// features/auth/auth.routes.ts (Feature Routing)
import { Routes } from '@angular/router';
import { LoginComponent } from './components/login/login.component';

export const AUTH_ROUTES: Routes = [
  { path: 'login', component: LoginComponent },
  { path: '', redirectTo: 'login', pathMatch: 'full' }
];


💡 Core Best Practices
· Avoid over-nesting files: Angular's official Style Guide warns against organizing folders strictly by type (e.g., putting all components together in a giant folder). Group them by what they do, keeping directories shallow. [1]
· Use one concept per file: Maintain strict code isolation by housing only one component, directive, or service within a single file. [1]
· Leverage the Inject function: When dealing with internal services within features, prefer utilizing the functional inject(MyService) pattern over constructor injection to keep standalone components lightweight. [1]

· Workspace and project file structure
· Angular Folder Structure in Project
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