Signals in Application Architecture
In Angular 21, the framework has fully cemented its Signals-first, zoneless architectural paradigm. Signals are no longer just a local state utility for templates; they have fundamentally re-engineered how enterprise application architectures manage synchronous data, derived state, and UI binding. By stripping away zone.js as a default dependency, Angular 21 relies strictly on Signal notifications to track exactly what needs to be re-rendered, reducing global change-detection overhead to near zero. [1, 2, 3, 4, 5]
The following breakdown outlines the architectural blueprint for designing applications using Angular 21 Signals.

🧱 The 3-Tier Layered State Architecture
Modern Angular architecture divides state based on life cycle and scope, using Signals to optimize the local layers while keeping asynchronous streams cleanly segregated.
· Global App State: Reserved for cross-cutting concerns (e.g., authentication, global telemetry, user preferences). This remains managed by explicit service singletons or lightweight store architectures. [1]
· Feature/Domain State: Driven by Signals-based Feature Stores. Business logic is isolated inside inject-ready services. Read-only slices of this state are exposed via computed signals to enforce unidirectional, immutable data flow down to components. [1, 2]
· Component UI State: Managed entirely by local signal primitives. This tracks UI variables like loading flags, active tabs, or simple toggle states without polluting the global scope. [1, 2]

🔄 The RxJS & Signals Coexistence Boundary
A common pitfall in modern Angular architecture is treating Signals as a total replacement for RxJS. Angular 21 dictates a clean separation of concerns based on the nature of the data flow:
	Architectural Concern
	Primary Technology
	Why?

	Synchronous State
	Signals (signal(), computed())
	Synchronous, glitch-free, lazily evaluated, and auto-memoized. Perfect for current data models and UI state.

	Asynchronous Streams
	RxJS (Observable, Subject)
	Specifically built for event handling, HTTP transport, polling, cancellations, and complex async orchestration.


Architectural Boundary Rule: Use @angular/core/rxjs-interop helpers like toSignal() to bridge the gap. HTTP requests and WebSocket streams should start as RxJS Observables at the API/Data layer and be converted into Signals the moment they enter the Feature Store or Component layer.

📝 Form Architecture: The Signal Forms Revolution
Angular 21 introduces an experimental, native Signal Forms API, initiating a deprecation path for traditional FormGroup and FormControl mechanics. This shifts form management into a highly predictable, type-safe, and declarative schema structure. [1, 2, 3]
· Schema-Driven Validation: Instead of manually chaining form controls, architectures define a plain data model as a writable signal. A schema definition attaches declarative validation rules directly to that model.
· Automatic Value Generation: The API automatically spins up a reactive field tree containing status signals (value, valid, touched, errors).
· No Subscriptions: Say goodbye to listening to valueChanges or statusChanges. Checking form validity is now a simple form.valid() or field.errors() signal read. [1, 2, 3, 4]
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// Angular 21 Signal Form Architecture Preview
export class UserFormStore {
  // 1. Plain data model as source of truth
  userModel = signal({ email: '', password: '' });

  // 2. Schema connects model to validation
  userForm = form(this.userModel, {
    email: [required(), email()],
    password: [required(), minLength(8)]
  });
}


⚡ Zoneless-First Mindset
Developing in Angular 21 requires shedding legacy habits tied to automatic digest cycles. [1]
· Direct Reactivity: Traditional mutations of normal array or object variables will no longer trigger UI updates within zoneless environments. [1]
· Atomic Updates: State must be updated explicitly via .set() or .update() methods on writable signals. This change ensures that data changes are tracked deterministically and pinpoint exactly which DOM elements need to be mutated. [1, 2, 3, 4]

🔍 Architectural Governance & Best Practices
1. Enforce Unidirectional Slices: Never expose a raw WritableSignal from a service directly to components unless you intend for them to bypass the store's state management. Always expose them as .asReadonly() or slice them via computed(). [1, 2, 3]
2. Side Effects Separation: Keep DOM mutations and side effects confined. Use the effect() API exclusively for synchronization tasks (like logging, utilizing local storage, or interacting with a charting canvas). Avoid modifying other signal values inside an effect to prevent infinite change-detection loops. [1]

Local vs shared state
Local state stays inside a single component, while shared state is used across multiple components in an application. [1]
Local State
Local state is data that belongs to just one component, directive, or service. [1]
· Scope: Isolated and used only within that specific component.
· Lifecycle: Created when the component loads and destroyed when the component unmounts.
· Best Uses: UI flags like isExpanded, form input fields, local counters, or temporary tabs.
· How to Manage in Angular 21: Use Angular Signals via signal() and computed() for simple, reactive, and zone-free local values. [1, 2, 3, 4]
Shared State
Shared state is data needed by two or more components, sometimes across different parts of the app. [1, 2]
· Scope: Broadly accessible across features, routes, or the entire application.
· Lifecycle: Often outlives individual components; can persist across the app lifetime (like a singleton).
· Best Uses: User authentication status, shopping carts, theme settings, or cached server data.
· How to Manage in Angular 21: Use root-provided services with signals, NgRx SignalStores, or libraries like NgRx. Opinions on Reddit are mixed, with some developers preferring minimalist service-based shared state and others favoring robust centralized stores. [1, 2, 3, 4, 5, 6, 7]

· Understanding Angular State: Local vs Global State Explained
· Why Do We Need State Management? | Local vs Global State
· Angular complete project using NGRX State Management
· Simple State Management in Angular
· State Management in Angular 21 Without NgRx


 Service-based signal stores
In Angular 21, service-based Signal Stores have solidified as the dominant approach for both local and global state management. By combining native Signals, computed(), and new modern data primitives like linkedSignal, developers can bypass heavy state management libraries for most applications. [1, 2, 3]
There are two primary paradigms for implementing service-based signal stores in Angular 21: a Vanilla Angular Service + Signals approach and the NgRx SignalStore library, which builds a highly structured service for you. [1, 2, 3, 4]

Paradigm 1: Vanilla Angular Service + Signals
For small-to-medium-sized applications, you can create a custom store entirely out of native core primitives. By hiding the mutating signals behind read-only representations, you ensure a unidirectional data flow. [1, 2]
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import { Injectable, signal, computed, linkedSignal } from '@angular/core';

export interface TodoState {
  items: string[];
  filter: 'all' | 'completed';
}

@Injectable({
  providedIn: 'root' // Makes it a global, application-wide store
})
export class TodoStore {
  // 1. Private state mutation source
  private state = signal<TodoState>({
    items: [],
    filter: 'all'
  });

  // 2. Public read-only slices for the components
  readonly items = computed(() => this.state().items);
  readonly filter = computed(() => this.state().filter);
  
  readonly totalCount = computed(() => this.state().items.length);

  // 3. Methods to update the state safely
  addItem(item: string) {
    this.state.update(current => ({
      ...current,
      items: [...current.items, item]
    }));
  }

  setFilter(newFilter: 'all' | 'completed') {
    this.state.update(current => ({
      ...current,
      filter: newFilter
    }));
  }
}


Paradigm 2: NgRx SignalStore (The Declarative Service Builder)
If you require type safety, extensibility, and minimal boilerplate, the NgRx SignalStore (@ngrx/signals) is the standard choice. It generates an actual, injectable Angular service using a highly composable functional API. [1, 2, 3]
In Angular 21, it smoothly integrates with features like the experimental Signal Forms API. [1, 2]
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import { inject } from '@angular/core';
import { signalStore, withState, withComputed, withMethods, patchState } from '@ngrx/signals';
import { HttpClient } from '@angular/common/http';
import { rxMethod } from '@ngrx/signals/rxjs-interop';
import { pipe, switchMap, tap } from 'rxjs';

export interface CatalogState {
  products: any[];
  loading: boolean;
}

const initialState: CatalogState = {
  products: [],
  loading: false
};

// signalStore creates an Injectable Angular Service
export const CatalogStore = signalStore(
  { providedIn: 'root' }, // Global singleton store configuration
  
  // Define State
  withState(initialState),
  
  // Define Computed Properties (Selectors)
  withComputed(({ products }) => ({
    productCount: computed(() => products().length)
  })),
  
  // Define Methods & Async side-effects
  withMethods((store, http = inject(HttpClient)) => ({
    // Synchronous mutation
    clearProducts() {
      patchState(store, { products: [] });
    },
    
    // Asynchronous network side-effect handling via rxMethod
    loadProducts: rxMethod<void>(
      pipe(
        tap(() => patchState(store, { loading: true })),
        switchMap(() => http.get<any[]>('/api/products')),
        tap(products => patchState(store, { products, loading: false }))
      )
    )
  }))
);


Choosing the Right Paradigm
	Criteria
	Vanilla Angular Service
	NgRx SignalStore

	Dependencies
	None (100% Core Angular)
	Requires @ngrx/signals library

	Boilerplate
	Medium (manually creating computed pairs)
	Ultra-low (handled via extensions)

	State Mutations
	Handled manually with .update()
	Enforced structure via patchState()

	Async Operations
	Uses RxJS or native resource() manually
	Native rxMethod helper built-in

	Best For
	Simple features & isolated components
	Scalable enterprise enterprise applications



Consuming a Service Store in Components
Regardless of whether you choose vanilla services or NgRx, you inject and reference them the exact same way in modern Angular 21 standalone components:
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import { Component, inject } from '@angular/core';
import { TodoStore } from './todo.store'; // Or CatalogStore

@Component({
  selector: 'app-todo-list',
  standalone: true,
  template: `
    <h3>Total Items: {{ store.totalCount() }}</h3>
    <ul>
      @for (item of store.items(); track item) {
        <li>{{ item }}</li>
      }
    </ul>
    <button (click)="store.addItem('New Task')">Add Task</button>
  `
})
export class TodoListComponent {
  // Inject the store directly into the component instance
  protected readonly store = inject(TodoStore); 
}

· NgRx Signal Store in Angular 21
· Angular complete project using NGRX State Management
· Using signals with services
· State Management in Angular 21 Without NgRx


Derived state with computed()
In Angular 21, the computed() function remains the foundation for managing derived state. It allows you to create read-only signals whose values automatically recalculate whenever the signals they depend on change. [1, 2, 3]
Key Characteristics
· Read-Only: You cannot manually mutate a computed signal using .set() or .update(). Its value is purely a reflection of other reactive states. [1, 2]
· Lazy Evaluation: Angular won't recalculate the value of a computed signal unless it is actively being read somewhere in a reactive context (like a component template or an effect). [1]
· Memoized: If the dependent signals haven't changed, subsequent reads of the computed signal return a cached value instantly without re-running the derivation function. [1]
· Dynamic Dependency Tracking: Angular only registers dependencies for signals that are actually executed during the last evaluation. If a conditional branch skips a signal, it won't be tracked until that branch executes. [1]

Basic Implementation
To create a computed signal, you pass a derivation function to computed(), importing it directly from @angular/core. [1]
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import { Component, signal, computed } from '@angular/core';

@Component({
  selector: 'app-shopping-cart',
  standalone: true,
  template: `
    <div>
      <p>Price: {{ price() }}</p>
      <p>Quantity: {{ quantity() }}</p>
      <!-- Renders the derived value -->
      <p><strong>Total Cost: {{ totalCost() }}</strong></p> 
    </div>
  `
})
export class ShoppingCartComponent {
  // Writable root state
  price = signal(100);
  quantity = signal(2);

  // Derived state automatically tracks price() and quantity()
  totalCost = computed(() => this.price() * this.quantity());
}


Dynamic Dependencies Example
Because dependencies are tracked dynamically, conditionally executed code only tracks what it reads. [1]
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showDiscount = signal(false);
discountAmount = signal(15);
basePrice = signal(100);

// If showDiscount is false, changes to discountAmount() will NOT trigger a recalculation
finalPrice = computed(() => {
  if (this.showDiscount()) {
    return this.basePrice() - this.discountAmount();
  }
  return this.basePrice();
});


computed() vs. linkedSignal()
Angular also includes linkedSignal(). It is crucial to choose the right primitive depending on your state requirements: [1, 2, 3]
	Feature
	computed()
	linkedSignal()

	Mutability
	Strictly Read-Only.
	Writable via .set() or .update().

	Primary Use Case
	Purely derived calculations (e.g., filtering a list, totaling a price).
	State that normally resets when a source changes, but needs to be locally overridable (e.g., a default form option selection).



· Deriving state with computed signals
· Modern Angular Course 06: Computed Signals


Managing side effects using effect()
In Angular 21, managing side effects has become remarkably efficient thanks to the stabilization and evolution of Signals. The effect() function is a reactive operation that automatically tracks and re-runs code whenever its dependent signals change. [1, 2]
Because it operates on automatic dependency tracking, you don't need a manual dependency array like you would in React’s useEffect. However, Angular maintains a strict philosophy: effect() should be treated as a last resort for interacting with external APIs, non-reactive environments, or the DOM—not for propagating state changes. [1, 2, 3]

Core Rules for Using effect()
· Must Be Created in an Injection Context: By default, you can only register an effect() inside a component, directive, or service constructor.
· Do Not Use for Derived State: If you want to compute a value based on another signal, use computed().
· Do Not Use for Synchronizing Writable State: If you need to reset or update a writable signal based on another signal changing, use linkedSignal() instead. [1, 2, 3, 4]

Practical implementation Patterns
1. Basic Structure (Automatic Tracking)
Angular dynamically registers any signal called within the effect callback as a dependency. [1]
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import { Component, signal, effect } from '@angular/core';

@Component({
  selector: 'app-logger',
  template: `<button (click)="increment()">Clicks: {{ count() }}</button>`
})
export class LoggerComponent {
  count = signal(0);

  constructor() {
    // Automatically re-runs every time count() changes
    effect(() => {
      console.log(`The current count is: ${this.count()}`); 
    });
  }

  increment() {
    this.count.update(c => c + 1);
  }
}
.
2. Isolating Dependencies with untracked()
If your side effect needs to read a signal's value, but you don't want that signal to trigger the effect to run again, wrap the read execution in untracked(). [1, 2]
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import { effect, signal, untracked } from '@angular/core';

effect(() => {
  const currentTheme = this.themeSignal(); // Tracked dependency

  untracked(() => {
    // This reads the signal, but changes to analyticsEnabled won't re-trigger the effect
    if (this.analyticsEnabled()) {
      this.analyticsService.log('Theme changed to', currentTheme);
    }
  });
});

3. Handling Resource Cleanup with onCleanup
If your side effect spawns async tasks like timers, WebSockets, or third-party event listeners, use the built-in onCleanup function. This runs right before the next effect cycle execution or when the component is destroyed. [1, 2, 3]
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import { effect, signal } from '@angular/core';

export class TimerComponent {
  userId = signal(123);

  constructor() {
    effect((onCleanup) => {
      const id = this.userId();
      const intervalId = setInterval(() => {
        console.log(`Polling data for user ${id}`);
      }, 5000);

      // Clean up the interval before the next run or on component destruction
      onCleanup(() => {
        clearInterval(intervalId);
      });
    });
  }
}

4. Bypassing the Constructor (Manual Injector)
If you must declare an effect dynamically inside a custom method rather than the constructor, you must pass the application context Injector explicitly. [1, 2]
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import { Component, effect, inject, Injector, signal } from '@angular/core';

@Component({ ... })
export class DynamicEffectComponent {
  private injector = inject(Injector);
  dataSignal = signal('initial');

  setupCustomEffect() {
    // Providing the injector bypasses the strict constructor context check
    effect(() => {
      console.log('Dynamic effect value:', this.dataSignal());
    }, { injector: this.injector });
  }
}


When to Use vs. Alternatives
To write optimal, high-performance Angular code, follow this quick structural decision matrix before reaching for effect(): [1]
	Intent / Scenario
	What to Use
	Why

	Derive data from signals (e.g., calculating total price)
	computed()
	Lazy evaluation, memoized memory optimization.

	Reset a writable signal based on a source signal change
	linkedSignal()
	Cleaner syntax, avoids ExpressionChangedAfterItHasBeenChecked.

	Asynchronous data fetching (HTTP) from a signal ID
	resource() / rxResource()
	Automatic abort logic and built-in loading/error tracking.

	Synchronize with external APIs (Localstorage, Canvas, Charts)
	effect()
	Explicitly designed to bridge reactive signals to imperative code.

	Logging, debugging, analytics tracking
	effect()
	Best approach for non-state-mutating terminal operations.



· Side effects for non-reactives APIs
· Modern Angular Course 07: Effects (Signals)
· Angular 21+ Equivalents for React Hooks — Part 2: Side Effects
· Reacting to signal changes with effects
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