Performance Optimization
Angular 21 focuses on a "lighter and faster" architecture, primarily by making zoneless change detection the default and leveraging Signals for fine-grained reactivity. These updates can improve real-world performance by 35–50% compared to older versions.
1) Architectural Optimizations
· Adopt Zoneless Change Detection: In Angular 21, zone.js is no longer bundled by default for new projects. Removing it reduces bundle size and eliminates the overhead of global change detection cycles triggered by asynchronous events like setTimeout or fetch.
· Use Signal-Driven Rendering: Signals allow Angular to update only the specific DOM nodes that have changed rather than re-checking the entire component tree. This granular approach significantly reduces CPU usage during runtime.
· Leverage Standalone Components: Modern Angular APIs prioritize standalone components, which facilitate better tree-shaking and reduce unnecessary module overhead.
2) Rendering & Runtime Efficiency
· Implement OnPush Strategy: For components that still rely on standard change detection, use ChangeDetectionStrategy.OnPush. This ensures the component is only checked when its input properties change or an event occurs within it, reducing render time from hundreds of milliseconds to under 30ms in large dashboards.
· Utilize TrackBy in Loops: Always use trackBy (or the new @for syntax) in large lists. This prevents Angular from destroying and re-creating the entire list when only one item changes.
· Stable @let Syntax: Use the new @let syntax for cleaner and more efficient variable handling within templates.
· Avoid Functions in Templates: Do not call functions directly in templates, as they execute on every change detection cycle. Use Pure Pipes or Signals to cache results.
3) Build & Loading Performance
· Optimize Bundle Size: Use the new @angular/build powered by esbuild, which can lead to 5x faster builds and up to 40% smaller bundles through improved dead-code elimination.
· Lazy Loading & Code Splitting: Implement lazy loading at the route level to reduce the initial load time. For dynamic routing, the updated CanMatch guard offers better performance for role-based access.
· Server-Side Rendering (SSR) & Hydration: Angular 21 further optimizes hydration and SSR, improving Core Web Vitals like First Contentful Paint (FCP).
· Image Optimization: Use the NgOptimizedImage directive to automatically handle lazy loading, proper sizing, and priority for "above-the-fold" images.
4) Performance Measurement Tools to verify these optimizations
· Angular DevTools: To profile change detection cycles and identify slow components.
· Lighthouse Audits: For measuring real-world loading speed and accessibility.
· Bundle Analyzer: To visualize and minimize the weight of third-party libraries

