Signal Store Patterns
In Angular 21, the architectural push toward a completely zoneless ecosystem makes state management using native Signals and the NgRx SignalStore the premier design choice. [1, 2, 3]
With the introduction of experimental Signal Forms in v21 and native signal architecture, specific implementation patterns have emerged to handle local state, shared business logic, and form management cleanly without RxJS over-engineering. [1, 2, 3, 4]

1. The Core Architecture: The NgRx SignalStore
The foundational pattern for enterprise state management leverages signalStore. It organizes your code cleanly into State, Computed Signals (Selectors), and Methods. [1, 2]
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import { signalStore, withState, withComputed, withMethods, patchState } from '@ngrx/signals';
import { computed, inject } from '@angular/core';
import { TodoService } from './todo.service';

export interface TodoState {
  todos: Todo[];
  loading: boolean;
  filter: 'all' | 'completed';
}

const initialState: TodoState = {
  todos: [],
  loading: false,
  filter: 'all',
};

// Returns an injectable service provider
export const TodoStore = signalStore(
  { providedIn: 'root' },
  withState(initialState),
  
  // 1. Derived/Computed State Pattern
  withComputed(({ todos, filter }) => ({
    filteredTodos: computed(() => {
      const currentFilter = filter();
      if (currentFilter === 'completed') return todos().filter(t => t.done);
      return todos();
    }),
  })),

  // 2. Methods Pattern (State modification and async effects)
  withMethods((store, todoService = inject(TodoService)) => ({
    async loadAll() {
      patchState(store, { loading: true });
      const todos = await todoService.getTodos();
      patchState(store, { todos, loading: false });
    },
    async toggleTodo(id: string) {
      // Optimistic UI updates
      patchState(store, (state) => ({
        todos: state.todos.map(t => t.id === id ? { ...t, done: !t.done } : t)
      }));
    }
  }))
);


2. Custom Extensible Features (The Plugin Pattern)
One of the strongest features of the SignalStore is creating reusable extensions. Instead of re-writing pagination, sorting, or loading logic across multiple stores, you can wrap them into a standalone feature function.
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import { signalStoreFeature, withState, withMethods, patchState } from '@ngrx/signals';

export interface LoadingState {
  isLoading: boolean;
}

// Reusable loader feature
export function withLoading() {
  return signalStoreFeature(
    withState<LoadingState>({ isLoading: false }),
    withMethods((store) => ({
      setLoading(isLoading: boolean) {
        patchState(store, { isLoading });
      },
    }))
  );
}

// Usage in any store:
// export const ProductStore = signalStore(withState(initial), withLoading());


3. The Uni-Directional Data Flow Pattern
To support zoneless performance perfectly, components are kept purely "dumb," relying strictly on the store to serve state and dispatch mutations. [1]
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@Component({
  selector: 'app-todo-list',
  standalone: true,
  template: `
    @if (store.loading()) { <p>Loading...</p> }
    
    <ul>
      @for (todo of store.filteredTodos(); track todo.id) {
        <li (click)="store.toggleTodo(todo.id)">{{ todo.title }}</li>
      }
    </ul>
  `,
  providers: [TodoStore] // Localized component lifetime instance
})
export class TodoListComponent {
  readonly store = inject(TodoStore);

  ngOnInit() {
    this.store.loadAll();
  }
}


4. The Angular 21 Signal Forms Pattern
Angular 21 introduces structural primitives for forms using deep signal graphs, eliminating FormGroup and valueChanges subscriptions. The recommended pattern is binding an entity model or sub-slice of a SignalStore directly to a schema-validated signal form. [1, 2, 3]
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import { Component, signal } from '@angular/core';
import { Field, required, email } from '@angular/forms/signals'; // Angular 21 experimental namespace

@Component({
  selector: 'app-user-form',
  standalone: true,
  imports: [Field],
  template: `
    <!-- Bind the form directly to the signal object -->
    <form [formGroup]="userForm">
      <input type="text" [field]="userForm.path.name" placeholder="Name" />
      @if (userForm.path.name.errors.required) {
        <span>{{ userForm.path.name.errors.required.message }}</span>
      }

      <input type="email" [field]="userForm.path.email" placeholder="Email" />
    </form>
  `
})
export class UserFormComponent {
  // Define form state structure and real-time inline validation schema
  userForm = signalForm({
    model: signal({ name: '', email: '' }),
    schema: {
      name: required({ message: 'Name is strictly required.' }),
      email: [required(), email({ message: 'Invalid format.' })]
    }
  });
}


Summary Architectural Checklist for v21
· Zoneless Readiness: Always drop local component object mutations. If a variable changes and needs to be seen by the DOM, wrap it in a signal().
· RxJS Offloading: Use computed() instead of RxJS .pipe(map()) streams inside components or services to calculate derived data.
· State Granularity: Use component-provided SignalStores for local workflow state, and root-provided SignalStores for global shared domain data. [1, 2, 3]

Lightweight store using Signals
In Angular 21, you can build a lightweight state management store using native Signals (signal, computed) inside an injectable service. This eliminates the need for heavy external frameworks and fits seamlessly into modern, zoneless Angular applications. [1, 2]
Below are the two best ways to approach a lightweight store: Option 1 uses entirely native Angular features to keep dependencies at zero, while Option 2 uses the official, lightweight, functional @ngrx/signals utility package. [1, 2, 3]

Option 1: The Zero-Dependency Native Signal Store
This approach wraps a signal inside an Angular service. By exposing the state as a read-only signal, you prevent components from mutating the state directly, enforcing a unidirectional data flow. [1, 2]
1. Define the Store Service
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import { Injectable, signal, computed } from '@angular/core';

export interface Todo {
  id: number;
  text: string;
  completed: boolean;
}

export interface TodoState {
  todos: Todo[];
  loading: boolean;
}

@Injectable({
  providedIn: 'root'
})
export class TodoStore {
  // 1. Private writeable state protects against direct mutation
  private state = signal<TodoState>({
    todos: [],
    loading: false
  });

  // 2. Public read-only signals exposed to components
  readonly todos = computed(() => this.state().todos);
  readonly loading = computed(() => this.state().loading);
  
  // 3. Derived/computed state
  readonly completedCount = computed(() => 
    this.state().todos.filter(todo => todo.completed).length
  );

  // 4. State mutations (Actions)
  addTodo(text: string) {
    this.state.update(current => ({
      ...current,
      todos: [...current.todos, { id: Date.now(), text, completed: false }]
    }));
  }

  toggleTodo(id: number) {
    this.state.update(current => ({
      ...current,
      todos: current.todos.map(todo => 
        todo.id === id ? { ...todo, completed: !todo.completed } : todo
      )
    }));
  }

  setLoading(isLoading: boolean) {
    this.state.update(current => ({ ...current, loading: isLoading }));
  }
}

2. Consume in a Component
Because Angular 21 defaults to zoneless applications, accessing a signal in your template with standard () invocation automatically registers the component for highly targeted change detection. [1]
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import { Component, inject } from '@angular/core';
import { TodoStore } from './todo.store';

@Component({
  selector: 'app-todo-list',
  standalone: true,
  template: `
    <h3>Completed Tasks: {{ store.completedCount() }}</h3>
    
    <input #taskInput type="text" placeholder="Add a task" />
    <button (click)="store.addTodo(taskInput.value); taskInput.value = ''">Add</button>

    @if (store.loading()) {
      <p>Loading...</p>
    }

    <ul>
      @for (todo of store.todos(); track todo.id) {
        <li [class.completed]="todo.completed" (click)="store.toggleTodo(todo.id)">
          {{ todo.text }}
        </li>
      }
    </ul>
  `
})
export class TodoListComponent {
  protected readonly store = inject(TodoStore);
}


Option 2: The NgRx SignalStore (Recommended for Scalability)
If your state structure grows, managing deep nested object spreading can get verbose. The community-standard @ngrx/signals is a modular, tree-shakable package that generates a strongly-typed store using functional composition (withState, withComputed, withMethods). [1, 2, 3]
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import { signalStore, withState, withComputed, withMethods, patchState } from '@ngrx/signals';
import { computed } from '@angular/core';
import { Todo } from './todo.store';

export interface TodoState {
  todos: Todo[];
  loading: boolean;
}

const initialState: TodoState = {
  todos: [],
  loading: false
};

// Generates an injectable service under the hood
export const TodoSignalStore = signalStore(
  { providedIn: 'root' },
  
  // 1. State definition
  withState(initialState),
  
  // 2. Derived state
  withComputed(({ todos }) => ({
    completedCount: computed(() => todos().filter(t => t.completed).length)
  })),
  
  // 3. Methods with structured patchState utility
  withMethods((store) => ({
    addTodo(text: string) {
      patchState(store, (state) => ({
        todos: [...state.todos, { id: Date.now(), text, completed: false }]
      }));
    },
    toggleTodo(id: number) {
      patchState(store, (state) => ({
        todos: state.todos.map(t => t.id === id ? { ...t, completed: !t.completed } : t)
      }));
    }
  }))
);

To consume this, you simply inject it into a component like a normal service: protected readonly store = inject(TodoSignalStore);. Its properties are exposed directly as signals (e.g., store.todos()). [1]

Which one should you pick?
	Feature
	Option 1: Native Signals Service
	Option 2: NgRx SignalStore

	Dependencies
	📦 Zero external dependencies
	🧩 Small 3rd party package (@ngrx/signals)

	Boilerplate
	Low, but manually requires computed setups
	Very low, structured using functional plugins

	State Mutations
	Manual this.state.update(...)
	Clean patchState(store, ...) mechanics

	Best Used For
	Small apps, feature-specific local state, or micro-stores
	Medium-to-large apps needing structured architecture



· Using Angular Signals as a Lightweight Store
· Angular complete project using NGRX State Management | Signal Forms in Angular | Angular v21
· NgRx Signal Store in Angular 21
· NgRx Signal Store: Lightweight, Signal-Based State Management for Angular


 Immutable update strategies
In Angular 21, immutable update strategies rely on creating new object or array references—using the spread operator or signal .update() methods—to trigger correct, fine-grained reactivity in its default zoneless environment. [1]
Why Immutability Matters in Angular 21
Angular 21 makes zoneless change detection the default. The framework tracks state changes directly at the value level using signals instead of relying on Zone.js. [1, 2]
When you mutate an object directly without changing its reference, Angular or your child components may fail to recognize that the data changed. Immutability guarantees that reference checks pass correct update signals to the UI. You can review the Immutability importance in Angular applications for foundational patterns. [1, 2]
Core Strategies for Immutable Updates
· Use the Spread Operator: Copy existing properties into a new object before changing specific fields.
· Leverage Signal .update(): Pass a callback to a signal's update method to derive a brand new state.
· Avoid Direct Mutation: Never modify properties on objects bound to inputs or signals directly. [1, 2]
Code Example
Instead of mutating state directly:
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// Wrong (Mutation)
this.user.name = 'Jane'; 

// Correct (Immutable replacement)
this.user = { ...this.user, name: 'Jane' };

When using signals:
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// Signal update pattern
this.userSignal.update(current => ({ ...current, name: 'Jane' }));

For deeper practices regarding component inputs and references, read the guide on OnPush Change Detection Strategy in Angular and insights on Immutability in Angular. [1, 2]

· Mastering Change Detection in Angular: Best Practices for Performance Optimization
· Immutability in Angular
· How to migrate your Angular app to Zoneless?


Domain-based state organization
In Angular 21, domain-based state organization centers on a vertical-slice, boundary-first architecture. Instead of grouping files by technical types (e.g., global stores/, services/, components/ folders), state and logic are encapsulated directly within their corresponding business domain (such as products, cart, or billing). [1, 2, 3, 4]
Driven by the elimination of Zone.js (fully zoneless change detection) and built-in Signals reactivity primitives, this pattern shifts the framework away from massive, heavy global stores into lightweight, highly isolated state boundaries. [1, 2, 3, 4, 5, 6]

The 4-Layer State Model
To prevent the "everything is global" anti-pattern, modern Angular 21 apps categorize state into four strict boundary layers: [1]
	State Layer
	Scope & Purpose
	Recommended Tooling

	UI / Local State
	Temporary view-only logic (e.g., dialog open/close, active tabs)
	Plain signal(), computed()

	Feature / Domain State
	Business logic tied strictly to a specific route or domain boundary
	SignalStore or Custom Signal Services

	Application State
	Cross-cutting app concerns (e.g., user session, theme preferences)
	Global SignalStore or NgRx Store

	Server / Transport State
	API caching, request deduplication, and refetching logic
	TanStack Query or standard RxJS boundary



Folder Structure Architecture
A clean domain-driven layout organizes folders so that each business slice houses its own components, data access utilities, and state managers: [1, 2, 3]
text
src/app/
├── core/                         # Global, cross-cutting infrastructure
│   ├── auth/                     # Application State (Auth domain)
│   └── theme/
├── features/                     # Domain boundaries
│   ├── products/                 # Products Domain Slice
│   │   ├── data-access/          # API services & DTOs
│   │   ├── state/                # Domain-specific state manager (Signals / Store)
│   │   ├── ui/                   # Reusable presentational components
│   │   └── products.component.ts # Smart container component
│   └── cart/                     # Cart Domain Slice

Reference Code: Domain Feature Store (Angular 21)
This example highlights a route-scoped feature store built inside a domain container using vanilla Angular 21 signals: [1]
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import { Injectable, computed, signal, inject } from '@angular/core';
import { ProductService } from '../data-access/product.service';
import { Product } from '../models/product.model';

// Interface representing the specific slice domain state
export interface ProductsState {
  items: Product[];
  loading: boolean;
  error: string | null;
}

@Injectable()
export class ProductsDomainStore {
  private readonly productService = inject(ProductService);

  // 1. Private state mutation boundary
  private readonly state = signal<ProductsState>({
    items: [],
    loading: false,
    error: null,
  });

  // 2. Public Read-Only Selectors (Computed Signals)
  public readonly items = computed(() => this.state().items);
  public readonly loading = computed(() => this.state().loading);
  public readonly error = computed(() => this.state().error);
  public readonly totalProducts = computed(() => this.state().items.length);

  // 3. Actions / State Updaters
  public async loadProducts(): Promise<void> {
    this.state.update((s) => ({ ...s, loading: true, error: null }));
    
    try {
      const products = await this.productService.fetchProducts();
      this.state.update((s) => ({ ...s, items: products, loading: false }));
    } catch (err: any) {
      this.state.update((s) => ({ ...s, error: err.message, loading: false }));
    }
  }
}

Key Rules for Domain State Management
· Keep Immutability Intact: Never mutate properties inside a signal directly. Always return a new reference using the .update() method (e.g., this.items.update(items => [...items, item])). [1, 2]
· Leverage the Facade Pattern: Make your components completely agnostic to how data is handled under the hood. Components should read signals and fire methods, but they should never write directly to the state. [1]
· RxJS Boundary Isolation: Limit RxJS usage strictly to highly asynchronous data orchestration (like stream composition, typing debounces, or network retries). Map the final response directly to a signal state value as soon as it crosses the UI threshold. [1, 2]

· State Management Patterns That Actually Scale in Angular 21
· Modern State Management in Angular
· Angular State Management: The Never-Ending Search for the “Perfect” Architecture
· State Management in Angular 21 Without NgRx — Is It Really Possible?
· Angular Signals State Management 2026: Enterprise Guide
	


Data flow design
Angular 21 uses a signal-based, zoneless data flow design that syncs state directly with the DOM without manual subscriptions. [1, 2]
Core Principles of Angular 21 Data Flow
· Signals as the Single Source of Truth: Data originates from reactive signal() or computed() primitives, eliminating boilerplate state libraries.
· Zoneless Change Detection: Updates push directly from changed signals to specific DOM nodes instead of running global change checks across the app.
· Zero Subscriptions: Asynchronous data from HTTP APIs map straight into signals, bypassing .subscribe() and .unsubscribe() cleanups in components.
· Native Control Flow: Templates use built-in blocks like @if and @for to read signals efficiently and re-render only necessary fragments. [1, 2, 3, 4, 5]
Unidirectional Parent-Child Flow
· Inputs (@Input() / input()): Data flows downward from parent components to child components reactively.
· Outputs (@Output() / output()): Events flow upward via callbacks or emitters when child elements need to notify ancestors.
· Local State: Component-level interactions update local writable signals, keeping side effects isolated to the immediate view tree. [1, 2]
You can read more about streamlined reactive design updates in Angular 21 Real Features and architectural patterns for Real-Time Datatables with Signals. [1, 2]

· Angular 21 Data Binding Tutorial for Beginners
· Angular 21 Tutorial for Beginners | Component | Data Biding
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