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Abstract

The web platform has undergone rapid evolution from 2023-2025 across rendering models, runtime tooling, browser
capabilities, and deployment targets. This paper surveys recent innovations—including React Server Components (RSC)
and hybrid rendering in Next.js; Svelte 5 “runes”; islands/resumability architectures (Astro, Qwik); the resurgence of
web-native approaches (Web Components, htmx); advances in execution (WebAssembly, WebGPU); and the rise of
edge/serverless runtimes (Cloudflare Workers, Deno, Bun). We propose a methodology for comparative analysis based
on user-centric performance (CWV), developer productivity, portability, and operational cost. Using a synthetic
benchmark suite and a review of peer-reviewed and industry sources, we compare representative technologies: Next.js
(App Router + RSC), Svelte 5/SvelteKit, Astro (Islands), Qwik (Resumability), and a Web Components + htmx stack.
Results indicate that hybrid rendering and disappearing-framework paradigms substantially reduce client-side JavaScript
while maintaining interactivity, improving Core Web Vitals on constrained networks. We discuss trade-offs in
complexity, ecosystem maturity, accessibility, and vendor lock-in, and outline research and practice implications.
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1. Introduction

Over the past decade, web development has shifted from monolithic client-side single-page applications (SPAs) to
composable architectures that integrate static pre-rendering, server rendering, edge streaming, and selective hydration.
The 2023-2025 period accelerated this shift with the stabilization of React Server Components (RSC) and Next.js App
Router, the release of Svelte 5 with a new reactivity model (“runes”), the mainstreaming of islands architecture via
Astro, and the emergence of resumability via Qwik. Concurrently, browser execution capabilities expanded
(WebAssembly, WebGPU) and global edge runtimes matured (Cloudflare Workers), reshaping where and how code
runs. This paper synthesizes these innovations and compares representative solutions along performance, developer
experience (DX), portability, and cost dimensions.

Evolution of Web Development Architectures
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Figure 1: Evolution of web development architectures from monolithic SPAs to resumability (Author-generated
illustration).
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1.1 Problem statement

Modern web apps must serve diverse devices and networks while balancing latency, interactivity, maintainability, and
cost. Conventional SPA patterns often ship excessive JavaScript, degrading Core Web Vitals (CWV) under real-world
constraints. We examine whether recent innovations measurably improve user-centric outcomes while sustaining DX
and long-term maintainability.

1.2 Contributions

1) A consolidated survey of post-2023 innovations in web frameworks, runtimes, and platform
APIs.

2) A comparative methodology with task-aligned metrics (CWV, JS payload, time-to-interactive
pattern, deploy/ops complexity).

3) A qualitative/quantitative synthesis across five representative stacks with decision guidance for
practitioners.

2. Background and Recent Innovations
2.1 Rendering paradigms: RSC and hybrid models

React Server Components (RSC) enable components that execute exclusively on the server (build-time or
per-request), stream serialized payloads, and avoid client bundles for server-only logic. Frameworks like Next.js (App
Router) integrate RSC with routing, data fetching, caching, and partial prerendering/streaming. The hybrid model mixes
static generation, server rendering, and client components for interactivity.

2.2 Svelte 5 runes and compiler-driven reactivity

Svelte 5 introduces a runes-based reactivity system that consolidates state, derived values, effects, and stores with
compile-time analysis. Svelte’s compile-to-vanilla approach tends to yield smaller bundles and fewer runtime costs
versus virtual-DOM frameworks.

2.3 Islands and resumability

Islands architecture (popularized by Astro) renders most of a page to static HTML with small interactive “islands”
activated when needed. Qwik advances this idea with resumability, eliminating hydration by serializing the
application’s state and resuming on the client.

2.4 Web-native component models

Web Components (Custom Elements + Shadow DOM + HTML Templates) provide a standards-based,
framework-agnostic component model. Libraries like htmx re-center hypermedia and progressive enhancement,
enabling dynamic UX with minimal JS by leveraging HTML attributes and server responses.

2.5 Execution advances: WebAssembly and WebGPU

WebAssembly (Wasm) enables near-native performance for computation-heavy tasks (e.g., design tools, simulation).
WebGPU exposes modern GPU capabilities for graphics and general-purpose compute, enabling accelerated rendering
and client-side ML inference in the browser.

2.6 Runtimes and ops: Edge/serverless and new JS toolchains

Global edge runtimes (e.g., Cloudflare Workers) minimize latency via geographically distributed execution.
Serverless models (FaaS, edge functions, KV/queues) reduce ops burden but introduce cold-start and observability
challenges. Toolchains like Bun and Deno 2 integrate package management, test runners, and web-standard APIs with
performance benefits and evolving Node compatibility.
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Key Framework Innovations (2023-2025)

Web Components + htmx

Qwik Resumability

Astro Islands

Figure 2: Key framework innovations between 2023-2025 (Author-generated illustration).

3. Related Work

Recent academic and industry work evaluates hybrid rendering (e.g., Next.js vs React baselines), disappearing
frameworks (islands, SSR-first, static-first), and modular hydration strategies. Studies of Web Components examine
encapsulation and SEO implications, while reports on serverless/edge adoption assess cost and operational trade-offs.
Vendor documentation provides detailed semantics for RSC, Svelte runes, WebGPU, and Workers.

4. Methodology for Comparative Analysis

4.1 Stack selection

We select five representative stacks reflecting distinct paradigms:

. Next.js (App Router + RSC + Server Actions) — hybrid rendering with selective client
components.

. SvelteKit (Svelte 5 runes) — compiler-driven minimal runtime, server-first routing.

. Astro (Islands) — content-heavy sites with opt-in interactivity and partial hydration.

. Qwik (Resumability) — zero-hydration startup with fine-grained lazy execution.

. Web Components + htmx — framework-agnostic, progressive enhancement, minimal JS.

4.2 Application profiles and tasks
We define three app profiles to reflect common workloads:

1) Content-centric site (marketing/docs): static pages, light interactivity (search, nav, newsletter).

2) Data-driven dashboard: charts/tables, auth, client routing, frequent mutations.
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3) Interactive tool: heavy client compute (e.g., image editing/text layout), ideal for
Wasm/WebGPU.
4.3 Metrics
. User-centric performance: Core Web Vitals (LCP, CLS, INP), initial HTML size, JS shipped

at startup and total, time-to-interactive model (hydrate/resume/on-demand), edge rendering latency.

. DX & maintainability: learning curve, APIs, debugging, type safety, ecosystem maturity.
. Portability & lock-in: dependence on host/platform features, standards compliance.
. Operational aspects: deploy surface (node/edge), cold starts, observability, cost model

(invocations, egress).

. Accessibility & SEQO: semantic defaults, streaming/SSR behavior, pitfalls (focus, ARIA,
shadow DOM).

4.4 Procedure

For each stack, we implement the three profiles with identical features. We measure CWV in lab conditions
(Lighthouse/CrUX-like profiles for slow 4G/6x CPU down-throttle) and simulate edge/serverless deployments. We
document developer effort (LOC, config, build times) and note pitfalls.

Note on scope: Results are indicative and focus on architectural effects (rendering and JavaScript budgets)
rather than micro-optimizations.

Methodology Flow

Stack Selection

Workload Profiles

Matrics

Implementation & Measurement

Comparative Analysis

Figure 3: Methodology flow from stack selection to comparative analysis (Author-generated illustration).
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5. Results

5.1 Performance overview (qualitative synthesis)

. Content-centric site: Astro and Qwik achieved fastest first paint with smallest startup JS.
Next.js with RSC was competitive when using partial prerendering and streaming; SvelteKit approached Astro
when interactivity was deferred. Web Components + htmx delivered small payloads and stable CWV but
required careful accessibility practices.

. Data-driven dashboard: Next.js (RSC + Server Actions) and SvelteKit provided strong DX
with route-level data fetching and caching. Qwik excelled in initial interactivity on slow devices; Astro required
more coordination to avoid over-hydration of islands. Web Components + htmx worked best for CRUD-style
flows but demanded bespoke state management for rich client features.

. Interactive tool: Wasm/WebGPU workloads favored frameworks with straightforward
integration to workers and bundlers. Svelte’s compiled approach and Next.js’s ecosystem support simplified
integration; Astro/Qwik operated well when compute was encapsulated in workers.

5.2 JavaScript budgets and interactivity patterns

. Islands/resumability significantly reduced upfront JS versus SPA hydration. Qwik eliminated
hydration, resuming event handlers on demand. Astro constrained JS to interactive fragments. RSC moved
non-interactive logic server-side; client components still require hydration.

Comparative JS Payloads (Lower is Better)
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Figure 4: Comparative JavaScript payloads for representative stacks (lower is better) (Author-generated
illustration).

5.3 Accessibility and SEO

Server-rendered HTML (Astro, Next.js/RSC, SvelteKit) supported predictable indexing and linkability. Shadow DOM
encapsulation in Web Components required explicit strategies for focus management and semantics. Community
analyses flagged variability in accessibility scores for htmx-heavy sites if semantics and ARIA were not carefully
applied.
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5.4 Operational considerations

Edge execution (Workers) reduced TTFB for globally distributed users. Serverless cold starts were largely mitigated on
edge isolates; Node-style serverless (FaaS) remained sensitive to startup size. Bun/Deno showed faster local dev and test
cycles; Node compatibility in Deno 2 and Bun eased migration.

6. Comparative Discussion

6.1 Strengths and trade-offs by paradigm

o Hybrid RSC (Next.js): Excellent for mixed static/dynamic apps with complex data fetching,
SEO needs, and incremental migration from React. Trade-offs: learning curve (server/client boundaries),
coupling to the React/Next ecosystem.

o Compiler-first (Svelte 5/SvelteKit): Small runtime, expressive reactivity (runes), strong perf.
Trade-offs: ecosystem size vs React, migration effort from React codebases.

o Islands (Astro): Minimal JS for content-heavy sites; best-in-class for blogs/docs/marketing and
multi-framework components. Trade-offs: orchestrating complex app-like state across islands.

o Resumability (Qwik): Near-instant interactivity on low-end devices; ideal where startup cost
must be minimal. Trade-offs: mental model and tooling maturity; ecosystem smaller.

o Standards-first (Web Components + htmx): Long-lived, framework-agnostic components
and progressive enhancement with tiny JS. Trade-offs: composition ergonomics, testing/devtools, and
accessibility pitfalls if not disciplined.

6.2 When to choose what (decision guide)
o Content-heavy, SEO-critical: Astro or Next.js (with heavy RSC usage).

o App-heavy with cross-team scale: Next.js (RSC) or SvelteKit; consider micro-frontends
(Module Federation) for large orgs.

o Ultra-fast start on low-end devices: Qwik.

o Design systems/shared UI across stacks: Web Components; pair with htmx for progressive
enhancement.

o GPU/compute-heavy UX: Any with WebGPU/Wasm; consider SvelteKit/Next.js for

ecosystem support.

o Global latency-sensitive: Deploy via Workers/edge functions; prefer smaller bundles and
SSR/streaming.
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Figure 5: Suitability of frameworks across workload profiles (Author-generated illustration).

7. Threats to Validity

Results depend on implementation skill, configuration, and representative workloads. Ecosystems evolve rapidly;
specific metrics can change across minor releases. Accessibility outcomes vary with developer practice rather than
framework choice alone.

8. Conclusion and Future Work

Recent innovations converge on one principle: ship less JavaScript to the client while preserving interactivity. RSC,
islands, and resumability embody this shift, complemented by advances in runtimes (edge/serverless) and platform
capabilities (Wasm/WebGPU). For practitioners, selecting a paradigm aligned with workload profile yields outsized
user-experience gains, especially under constrained devices and networks. Future work includes longitudinal field
studies using CrUX-like real-user metrics, standardized benchmarks across edge regions, and deeper accessibility audits
for Shadow DOM and attribute-driven libraries.
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Appendix A — Comparative Checklist (Practitioner-oriented)

Workload fit

- Content-heavy (marketing/docs/blog)? — Astro / Next.js (RSC)
- App-heavy (dashboards/CRUD)? — Next.js (RSC) / SvelteKit
- Startup-critical (low-end devices)? — Qwik

- Long-lived design system across stacks? — Web Components

- GPU/Wasm intensive? — Any + WebGPU/WebAssembly

Ops/deploy

- Global latency demands? — Edge (Workers)

- Low-ops team? — Serverless + managed databases/queues

- Enterprise scale with many teams? — Consider Module Federation / micro-frontends

Risks

- Lock-in to framework vendor/runtime

- Accessibility regression (Shadow DOM/htmx without discipline)
- Observability/cold-starts on FaaS

- Ecosystem maturity (Qwik, Svelte 5 runes adoption)

Metrics to track in production
LCP, INP, CLS; JS bytes shipped; edge TTFB; error budget; al 1y scores; cost per 1k requests.
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