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Architecture, Engineering, and the
Future of Platform‐Native Apps

About this book

This book is for engineers and architects who built mobile applications with
React Native and are now reevaluating their choice. It explains the internals
of modern native platforms, how Swift, SwiftUI, Kotlin, and Jetpack Compose
actually work, and how to design production-grade mobile applications. It
covers the trade-offs of cross-platform development, real migration strategies
from React Native to native, and the engineering practices required to build
maintainable, high-performance applications at scale. By the end, you will
understand not only how towrite native code, but why particular architectures
succeed or fail, when native is genuinely better than cross-platform, and how
to structure your team and systems for long-term success.



Introduction: The Moment of Decision

The Promise That Was

React Native launched in 2015 with a proposition that was almost too good to
ignore. Write your mobile application once in JavaScript and React, ship it to
both iOS and Android, and let a thin abstraction layer translate your component
tree into native UI elements. No WebView. No embedded browser rendering
HTML. Real UIKit views on iOS, real Android Views on Android. Hot reloading
for instant iteration. A familiar React developer experience for teams that
already knew the ecosystem.

The vision was elegant and ambitious. Facebook shipped it internally to
power the News Feed in the main Facebook app, and within months it was
one of the most talked-about projects in mobile development. Teams were
excited because React Native genuinely delivered on several promises. Shared
business logic between platforms. Faster feature development for teams
already invested in React. The ability to onboard web developers into mobile
without an immediate crash course in Swift or Kotlin.

Early adopters had reason to be happy. Companies like Bloomberg, Shopify,
Discord, and Coinbase built production applications with React Native and
shipped successful products. For many teams the productivity gains were real.
A single codebase meant consistent features across platforms. Code sharing
reduced duplication. The React ecosystem brought battle-tested patterns and
a vast library of packages.

The architecture that made this possible was also clever. React Native runs
JavaScript in a separate thread from the native UI. The two sides communicate
via an asynchronous JSON bridge. When a user taps a button, an event flows
from the native side, across the bridge, into the JavaScript thread where React
handles the event and updates its virtual DOM. The resulting diff is serialized as
JSON and sent back across the bridge, where native code applies the changes to
real UI components. It is a message-passing architecture that keeps the worlds
separate while letting them coordinate.
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For simple and moderate applications, this architecture works well. The
serialization overhead is barely noticeable. Animations are smooth enough.
Users do not tell the difference between a React Native app and a fully native
one.

The Cracks in the Foundation

Problems began appearing as applications grew. Three years into a React
Native codebase, teams frequently started hitting walls. The same walls,
remarkably often, across different organizations and different products.

The first wall was performance. The bridge was fine for occasional updates,
but under load it became a bottleneck. Scrolling a list with complex items?
Every scroll event had to cross the bridge. Animations? Each frame required
bridge communication. Large data transfers? Serialization costs mounted
quickly. Teams found themselves writing native modules to bypass the bridge
for performance-critical paths, which in turn complicated the architecture
they were trying to simplify.

The second wall was the ecosystem. React Native depends on third-
party libraries for almost everything the core framework does not provide.
Navigation, statemanagement, image loading, animations, camera access, local
storage. The libraries are written by independent contributors with different
priorities, different coding standards, and different long-term plans. Many
libraries fell into maintenance limbo. Others stopped supporting new React
Native versions. Teams found themselves patching dependencies or writing
their own replacements for basic functionality.

The third wall was platform fragmentation. React Native aims for a con-
sistent API across iOS and Android, but the platforms diverge in subtle and
not-so-subtle ways. A scrollview behaves differently on each platform. Haptic
feedback requires separate handling. Navigation patterns have platform con-
ventions that the framework does not enforce. Teams discovered they needed
platform-specific code for more scenarios than anticipated. The shared code-
base shrank. The maintenance overhead of managing both platform variants
within a React Native context grew.

The fourth wall was developer experience. Hot reloading worked well for
small changes but broke unpredictably for larger updates. Debugging bridged
code was difficult because the execution split across JavaScript and native
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runtimes. Build times increased as the codebase grew. Type safety was limited
because JavaScript is dynamically typed, and Flow adoption was inconsistent.
Teams accustomed to strong typing in Swift or Kotlin found the lack frustrating.

Airbnb, one of React Native’s most prominent early adopters, encapsulated
these issues in a famous 2018 engineering blog post. The company had bet
heavily on React Native, but after two years of growing pains they announced
they were sunsetting their use of it. Their reasons were clear: performance
bottlenecks at scale, difficulty upgrading, the complexity of maintaining three
platforms simultaneously (iOS native, Android native, and React Native), and
the organizational overhead of managing engineers who needed deep knowl-
edge of both JavaScript and native technologies. Their conclusion was blunt:
“We will be sunsetting React Native and putting all of our efforts into making
native amazing.”

Airbnb did not abandon React Native because the technology was broken.
They abandoned it because at their scale and with their requirements, the
trade-offs no longer made sense. They needed the performance, reliability,
and tooling maturity that native platforms provided, and the productivity gains
from code sharing were no longer offsetting the costs.

What Changed

Three things happened after Airbnb’s announcement that shifted the landscape
in ways they could not have fully anticipated.

First, React Native did not die. Meta continued investing in the framework,
and in 2022 they began rolling out a completely redesigned architecture that
they called the New Architecture. The old bridge-based model was replaced
with JavaScript Interface, or JSI, which allows JavaScript to call native code
directly through C++ bindings without JSON serialization. A new rendering
system called Fabric handles UI updates synchronously. TurboModules replace
the old native module system with lazy-loaded, type-safe bindings. These
changes addressed the core performance problems that had plagued the legacy
architecture. As of 2025, the New Architecture is the default for new React Na-
tive projects, and adoption among existing projects has reached approximately
80% according to the State of React Native survey.

Second, the native platforms matured dramatically. Apple introduced
SwiftUI in 2019 as a declarative UI framework for iOS, and it has evolved into a
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robust system capable of powering complex production applications. SwiftUI’s
declarative model looks familiar to React developers: you describe what the
UI should look like for a given state, and the framework handles the rest. The
framework has stabilized significantly since iOS 16, and production teams now
consider it ready for large-scale use.

Google introduced Jetpack Compose for Android in 2021, and it has rapidly
become the standard for building Android UIs. Compose’s architecture is sim-
ilar to SwiftUI’s in many ways but with its own distinct implementation. It uses
a snapshot system to track state changes and a sophisticated recomposition
model to update only the parts of the UI that actually changed. Compose
is deeply integrated into Android’s tooling and ecosystem, and Google has
committed to it as the future of Android UI development.

Both Swift and Kotlin have evolved into modern, expressive languages with
excellent tooling. Swift’s ABI stability was achieved in Swift 5, which means
compiled libraries no longer need to be bundled with applications, and the
language is now used across Apple’s entire ecosystem from iOS to server-side
development. Kotlin became the preferred language for Android development
and expanded into multiplatform development through Kotlin Multiplatform,
which allows teams to share business logic across iOS, Android, and other
platforms while keeping UIs native.

Third, alternative cross-platform approaches gained prominence. Flutter,
Google’s self-contained UI toolkit, uses its own rendering engine and draws
its UI directly using the Skia graphics library. This means Flutter apps do not
depend on platformUI components, which eliminates platform inconsistencies
but also requires more work to achieve a native look and feel. Flutter’s perfor-
mance is strong because it compiles to native code and renders efficiently, and
its ecosystem has matured considerably. Kotlin Multiplatform has emerged as
a pragmatic middle ground that shares business logic while keeping UIs native,
avoiding many of the pitfalls of full cross-platform frameworks.

A NewMaturity

The landscape today is far more nuanced than it was in 2015 or even 2018. The
choice between native and cross-platform is no longer a simple question of
development speed versus performance. Each approach has its place, and the
right choice depends on specific factors: the complexity of the application,
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the expertise of the team, the long-term product roadmap, performance
requirements, and the budget.

Teams that invested in React Native early are now in a different position.
They have working products, users, and codebases. They understand the
strengths and weaknesses of their stack. Many of them are asking questions
that did not arise when they first started: Is React Native the right choice for
our next major investment? Are we hitting limits that we cannot work around?
Would moving to native be worth the cost and disruption?

This book is written for teams asking those questions, and for engineers
who want to understand native development at a deep level whether they are
transitioning from React Native or approaching native platforms for the first
time with a background in other technologies.

The thesis of this book is straightforward: the best mobile development
decisions are informed by a genuine understanding of both native and cross-
platform approaches, their trade-offs, their internals, and their appropriate
use cases. Teams that treat this choice as a technology war miss the point.
Teams that understand the underlying mechanics of each approach, make
context-aware decisions, and design their architectures deliberately have the
best outcomes.

What This Book Is

This book is a technical guide for experienced engineers. It assumes you know
how to program, that you have worked with mobile development or at least
understand the basics of how mobile applications are built, and that you are
interested in understanding things deeply rather than following surface-level
tutorials.

The book covers the following ground:

The history and internals of React Native, including both the legacy bridge
architecture and the new architecture with JSI, Fabric, and TurboModules. You
need to understand what React Native is doing under the hood to evaluate its
strengths and weaknesses fairly.

A systematic comparison of cross-platform approaches. React Native, Flut-
ter, and Kotlin Multiplatform are not interchangeable alternatives. They make
different design decisions that lead to different trade-offs. Understanding
those differences helps you choose the right tool for your specific situation.
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Deep dives into the iOS and Android platforms. This includes how appli-
cations are launched, how the OS manages processes and memory, how the
UI rendering pipeline works, how events are delivered, and how background
execution operates. Platform knowledge is critical for building good native
applications.

Comprehensive coverage of Swift, SwiftUI, Kotlin, and Jetpack Compose.
This goes beyond API documentation into how these technologies actually
work: Swift’s type system and runtime, SwiftUI’s view update mechanism,
Kotlin’s coroutine implementation, Compose’s snapshot system and recompo-
sition model.

Architecture and engineering practices for production applications. This
includes patterns like MVVM and MVI, dependency injection, modularization,
state management, navigation, testing, CI/CD, observability, and performance
optimization. These are the concerns that matter most when building applica-
tions that need to be maintained and extended over years.

A detailed treatment of migration strategies. If your team is considering
moving from React Native to native, the transition is one of themost significant
engineering decisions youwill make. This book covers strategic options, incre-
mental approaches, and practical guidance based on real-world experiences.

Team organization and technology decision-making. The choice of tech-
nology stack is not purely technical. It affects hiring, onboarding, collaboration,
and long-term maintainability. This book addresses those organizational
dimensions as well.

Every substantial code example in this book is complete and runnable.
Examples are primarily in Swift and Kotlin with SwiftUI and Jetpack Compose
respectively, reflecting the modern native development landscape. Each
example is explained thoroughly, including the reasoning behind design de-
cisions, common mistakes to avoid, and considerations for production use.

What This Book Is Not

This book is not a marketing piece advocating for any particular technology.
It respects the legitimate reasons teams choose cross-platform development
and does not dismiss them. React Native, Flutter, and Kotlin Multiplatform all
have valid use cases. The goal is to help you make informed decisions, not to
push an agenda.
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This book is not a beginner tutorial. It does not cover basic syntax or
how to create your first “Hello, World” application. It assumes programming
competence and focuses on architectural decisions, internal mechanics, and
production engineering practices. If you need a beginner-level introduction
to Swift or Kotlin, there are excellent resources available for that purpose.

This book is not exhaustive. The mobile development landscape is vast and
constantly evolving. Every topic could be a book on its own. The goal is breadth
with meaningful depth, covering enough ground to give you a solid foundation
for making informed decisions while going deep enough on critical topics that
you understand the mechanics, not just the APIs.

How to Use This Book

The book is organized to build understanding progressively. Start with the
introduction and early chapters to establish context. Then proceed through
the platform-specific chapters based on your immediate needs. If you are pri-
marily interested in iOS development, focus on the Swift and SwiftUI chapters.
If Android is your priority, focus on Kotlin and Compose. If you are evaluating
migration strategies, the later chapters on migration and team organization
are most relevant.

You can read the book linearly if you want a comprehensive treatment, or
you can treat it as a reference and jump to specific chapters based on your
current challenges. The early chapters provide context that informs the later
ones, so if you skip ahead and encounter concepts you are unfamiliar with, you
may want to go back and read the relevant earlier material.

Code examples are numbered for reference. When a later example builds on
an earlier one, it will note the relationship. You can find complete code listings
in the chapters where they appear, and you can use them as starting points for
your own implementations.

The book prioritizes stable, established practices while clearly marking
areas that are emerging or likely to evolve. When discussing new technologies
or unreleased features, it flags them explicitly so you can judge the level of
commitment appropriate for your situation.
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The Journey Ahead

Mobile development has changed since React Native launched, and the pace of
change shows no sign of slowing. Apple and Google continue to invest heavily
in their platforms. New form factors like foldable devices and spatial computing
introduce new challenges. Artificial intelligence andmachine learning capabil-
ities are becoming integral to applications. The tools and frameworks that will
dominate in five years may not exist yet.

What remains constant is the fundamental challenge: build applications
that are fast, reliable, accessible, and delightful to use, while beingmaintainable
by teams over long periods of time. Technology choices matter, but they are
means to an end, not ends in themselves.

The chapters that follow will help you understand the tools, architectures,
and trade-offs that shape modern mobile development. They will not tell you
what to choose. They will give you the knowledge to choose wisely.



Chapter 1: The History and
Architecture of React Native

FromWeb to Mobile

React Native was born from a specific problem Facebook faced around 2013.
The company had a large team of web developers proficient in React and
JavaScript, but a separate team of native engineers building the iOS and
Android applications. Maintaining feature parity between the web and mobile
applications was expensive. Every new feature required parallel development
across three codebases.

The original vision for React Native was audacious: use React to describe
native user interfaces, compile those descriptions into native UI components,
and let JavaScript handle the application logic. Unlike hybrid approaches that
runweb content inside aWebView, ReactNativewould render real native views.
On iOS, a React Native component like View would map to a UIKit UIView. On
Android, it would map to an Android View. The promise was that users would
not be able to distinguish a React Native app from a fully native one.

Facebook announced React Native at their React Conf in September 2015
and open-sourced it shortly after. The initial reception was enthusiastic.
Developers were excited by the prospect of building native-quality mobile
applications using technologies they already knew. Facebook demonstrated
their commitment by rewriting the News Feed in the main Facebook app using
React Native, proving that the framework could work at scale in a production
environment.

The original architecture made several key design decisions that shaped
React Native’s trajectory for the next decade:

JavaScript runs in a separate process or thread from the native UI, keeping
the two worlds isolated.

Communication between JavaScript and native code happens via an asyn-
chronous message-passing bridge.
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React’s virtual DOM concept is adapted to create a shadow tree of native
views, with diffs serialized and sent across the bridge.

Native modules allow JavaScript to access platform APIs like the camera,
contacts, and file system.

These decisions solved immediate problems and enabled React Native’s
initial success. They also created architectural constraints that would become
limiting as the framework evolved.

The Bridge: How React Native Communicates with
Native Code

The bridge is the central architectural concept of legacy React Native. Un-
derstanding how it works is essential to understanding both React Native’s
strengths and its fundamental limitations.

When a React Native application starts, three primary threads are created:
the JavaScript thread, the native UI thread, and a set of shadow threads for
layout computation. The JavaScript thread runs the JavaScript runtime, either
JavaScriptCore on iOS or a similar engine on Android. Hermes, a JavaScript
engine optimized for React Native that Facebook developed, is now the default
on both platforms. The native UI thread runs the platform’s UI toolkit and
handles rendering. The shadow threads run Yoga, a cross-platform layout
engine that computes the positions and sizes of views based on flexbox-style
layout rules.

These threads do not share memory. They communicate exclusively
through the bridge, which is an asynchronous message queue that serializes
data as JSON. When JavaScript needs to create a view, it sends a message
across the bridge describing the view and its properties. The native UI thread
receives the message, deserializes it, and creates the corresponding native
view. When a user taps a button, the native UI thread sends a touch event
across the bridge to the JavaScript thread, where React processes it and
potentially updates the UI, sending another message back.

The bridge operates in both directions:

From JavaScript to native: When JavaScript wants to create, update, or
delete a view, it sends a command like “createView” with parameters including
the view type, props, and children. These messages are batched and sent
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periodically rather than individually to reduce overhead. The native side
processes the batch and applies the changes to the view hierarchy.

From native to JavaScript: When a user interacts with the UI or a native
event occurs, the native side sends an event message to JavaScript. These
events are processed by React’s event system, which calls the appropriate event
handlers and potentially triggers UI updates.

The bridge architecture has several characteristics that are important to
understand:

Asynchronous communication: Every message across the bridge is asyn-
chronous. JavaScript cannot call a native function and immediately receive
a result. It must send a request and wait for a callback event to arrive on a
subsequent bridge cycle. This asynchrony is fundamental to the architecture
and creates challenges for patterns that assume synchronous execution.

Serialization overhead: All data crossing the bridge is serialized as JSON.
Large data structures require significant processing time to serialize and
deserialize. A common performance anti-pattern is sending large objects or
arrays across the bridge, which can cause noticeable lag.

Batching: React Native batches multiple UI updates together to minimize
the number of bridge crossings. When you update multiple state values in a
single React render, React Native does not send a separate message for each
change. Instead, it computes the complete diff and sends it in one batch. This
optimization is effective but means that UI updates are not immediate; they
happen at the next batch cycle.

No shared memory: JavaScript and native code cannot share objects in
memory. If native code holds a reference to a large buffer, JavaScript cannot
read it directly. It must receive a copy of the data via a bridge message.
This constraint is significant for performance-intensive scenarios like image
processing or real-time data streams.

Consider a practical example: a list component that renders 100 items. As
the user scrolls, items enter and leave the visible area. Each visibility change
is an event that must cross the bridge. If each item has complex content that
requires layout computation, the bridge traffic can become substantial. This is
why long lists in React Native require careful optimization using components
like FlatList that implement virtualization and recycling patterns.

The bridge also affects event handling. When you attach an onPress
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handler to a button in React Native, the flow is: the user taps the button,
the native UI detects the touch, sends an event message across the bridge
to JavaScript, React processes the event and calls your handler function, your
handler potentially updates state, React re-renders the affected components,
and if the render produces UI changes, those changes are serialized and sent
back across the bridge to update the native views. That is seven steps involving
multiple thread crossings and serialization operations for what should be a
simple interaction. For responsive UI, this pipeline must complete within
approximately 16 milliseconds to maintain 60 frames per second. Under load,
this is not always achievable.

The New Architecture: Fabric, TurboModules, and the
JavaScript Interface

Facebook recognized the bridge’s limitations early and began work on a re-
placement architecture around 2018. The new architecture, now production-
ready and the default as of React Native 0.76, makes three fundamental changes
that eliminate the bridge’s worst problems.

JavaScript Interface, or JSI, is the foundation of the new architecture. JSI
is a C++ API that provides JavaScript with direct, synchronous access to native
objects. Instead of sending a JSON message across an asynchronous bridge,
JavaScript can call a C++ function directly and receive an immediate result. The
two sides share a memory space accessible through the JSI runtime, which
means JavaScript can hold references to native objects and native code can
hold references to JavaScript objects.

This change is architectural, not merely an optimization. It transforms
JavaScript from a separate process communicating via message passing into
a first-class runtime embedded within the native process. Libraries that
previously suffered from bridge overhead, like VisionCamera which processes
video frames in real time, can now achieve high-throughput performance
because they operate on shared memory rather than copying data across a
boundary.

Fabric is the new rendering system. Fabric replaces the old model where
React computed a diff of the virtual DOM and sent updates across the bridge.
Instead, Fabric runs the React renderer in the same process as the native UI.
When React re-renders a component, Fabric can call native methods directly
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through JSI to update views synchronously. The renderer also supports con-
current rendering, meaning it can prepare multiple UI states simultaneously
and choose which one to commit based on priorities. This enables React 18
features like Suspense and Transitions to work properly in React Native.

Fabric also changes how layout works. The old architecture used Yoga
running on shadow threads to compute layout, which introduced a delay be-
tween when JavaScript specified layout props and when views were positioned
on screen. Fabric runs Yoga synchronously in the render phase, so layout is
computed as part of the same operation that creates and updates views. This
eliminates the visual jumps that could occur when layout calculations lagged
behind UI updates.

TurboModules replace the legacy NativeModules system. Old native mod-
ules were initialized eagerly at startup, which increased launch time, and
they communicated with JavaScript through the bridge, introducing latency.
TurboModules are lazy-loaded, meaning they are initialized only when first
accessed. They communicate through JSI instead of the bridge, so method
calls are synchronous and direct. TurboModules are also type-safe, using a
code generation system that reads TypeScript or Flow type definitions and
generates native bindings at compile time, catching interface mismatches
before the app runs.

The new architecture does not eliminate all of React Native’s challenges.
The framework still depends on third-party libraries, the ecosystem is still
fragmented, and building complex animations or graphics-intensive features
still requires careful engineering. But the fundamental performance limitations
of the bridge are gone. Modern React Native with the new architecture can
achieve performance that approaches native for many use cases.

The trade-off is complexity. The new architecture is more complicated to
understand and debug than the old one. Migrating existing applications to the
new architecture requires updates to native modules and dependencies. Not
all third-party libraries support the new architecture yet, though adoption is
growing rapidly. Teams considering React Native today should ensure they are
using the new architecture and understand its implications.



Chapter 1: The History and Architecture of React Native 15

Execution Model: Threads, Event Loops, and Message
Passing

Understanding React Native’s execution model requires understanding how
threads and event loops coordinate work across the JavaScript and native
runtimes.

In legacy React Native, the JavaScript thread runs an event loop similar to
Node.js. The event loop processes tasks, timers, and microtasks, and it also
listens for bridge messages. When a bridge message arrives, the JavaScript
event loop queues it for processing. When JavaScript sends amessage to native
code, it is queued on the bridge and processed on the native thread’s next cycle.

The native UI thread also runs an event loop, driven by the platform’s run
loop system. On iOS, this is the CFRunLoop, which processes touch events,
timers, animation callbacks, and other system events. On Android, this is the
Looper and Handler system, which delivers messages to the main thread’s
message queue.

The two event loops are separate and asynchronous. React Native must
ensure that UI updates happen on the correct thread. JavaScript cannotmodify
native views directly; it must request changes through the bridge, and the
native UI thread applies them. This separation prevents race conditions but
introduces latency.

The new architecture changes this model. With JSI, JavaScript and C++ code
can run in the same thread, eliminating the need for message passing for many
operations. Fabric runs in the same process as the native UI, so rendering
can happen synchronously. This means the two event loops are more tightly
coupled, reducing latency but also requiring more careful attention to thread
safety.

One important detail is that React Native still uses multiple threads for
different concerns. JavaScript runs on its own thread. UI rendering happens
on the main thread. Background work like network requests and disk I/O
can happen on worker threads. The framework must coordinate work across
these threads, and developers must be aware of thread constraints. For
example, React state updates should happen on the JavaScript thread, and UI
modificationsmust happen on themain thread. Violating these constraints can
cause crashes or subtle bugs.
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The Hermes JavaScript engine adds another layer to this model. Hermes
compiles JavaScript to bytecode at build time rather than interpreting it at
runtime, which improves startup performance. It also supports concurrent
garbage collection, which reduces pauses that could affect UI responsiveness.
Hermes is optimized for React Native’s specific patterns, like frequent object
creation and destruction during rendering.

Why the Architecture Limits Performance

Even with the new architecture, React Native makes trade-offs that can limit
performance compared to fully native development.

The first trade-off is abstraction. React Native abstracts platform-specific
details to provide a consistent API across iOS and Android. This abstraction has
a cost. When you use a React Native component, you are using a generalized
version of a native component that may not support all platform-specific
features or optimizations. Native developers have direct access to the full
platform API and can take advantage of platform-specific optimizations that
a cross-platform framework cannot expose without adding complexity.

The second trade-off is the JavaScript runtime. JavaScript is an interpreted
or JIT-compiled language that runs in a virtual machine. Even with Hermes
and its optimizations, JavaScript execution is generally slower than compiled
Swift or Kotlin code. For compute-intensive operations like image processing,
encryption, or complex data transformations, this difference matters. React
Native can mitigate this by offloading heavy computation to native modules,
but that adds architectural complexity.

The third trade-off is memory overhead. React Native requires both a
JavaScript runtime and the native UI toolkit to run simultaneously. This means
more memory usage than a purely native application. The JavaScript heap,
the bridge or JSI runtime, the virtual DOM or shadow tree, and the native
view hierarchy all consume memory. On devices with limited resources, this
overhead can be significant.

The fourth trade-off is startup time. A React Native application must
initialize the JavaScript runtime, load and compile JavaScript code, initialize
native modules, and build the initial UI. Each step takes time, and they must
happen sequentially in many cases. Native applications can start faster be-
cause they do not need to initialize a separate runtime environment. The
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new architecture improves this with TurboModules’ lazy loading and Hermes’
precompiled bytecode, but the overhead remains compared to pure native.

These limitations do not mean React Native is unsuitable for production.
They mean that React Native is unsuitable for every production use case. For
applications where the performance, memory, or startup requirements are de-
manding, or where deep platform integration is essential, native development
provides advantages that cross-platform frameworks cannot fully match.

The Developer Experience Story

React Native’s original selling point was not just technical capability but devel-
oper experience. The promise was faster iteration, easier onboarding, and a
unified workflow across platforms.

Hot reloading was one of React Native’s early innovations. Developers could
modify JavaScript code and see changes reflected in the running application
without recompiling or restarting. This was a dramatic improvement over
native development, where a code change typically required a full rebuild and
redeploy cycle that could take minutes. Hot reloading works by injecting
updated JavaScript modules into the running runtime while preserving appli-
cation state.

The new architecture maintains hot reloading while adding incremental
native development improvements. Code generation for TurboModules re-
duces the boilerplate and error-prone manual binding that characterized the
old native module system. TypeScript support has improved, and the type-
safety of TurboModules catches more errors at compile time.

However, developer experience is not uniformly positive. Debugging re-
mains challenging because the execution spans multiple layers. A performance
issue could be in JavaScript, in a native module, in the bridge or JSI communi-
cation, in the rendering pipeline, or in platform-specific code. Profiling tools
have improved but are still not as straightforward as native profiling tools like
Xcode Instruments or Android Studio’s profiler.

Build times for large React Native projects can be long, especially when
native code changes require full rebuilds. The JavaScript side benefits from fast
bundling, but the native build process is the same as a fully native application.
Teams have adopted tools like incremental bundling and build caching to
mitigate this.
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The dependency ecosystem is both a strength and a weakness. The npm
ecosystem provides a vast library of packages that can accelerate development.
However, package quality varies widely, andmany packages are not maintained
or are incompatible with newer React Native versions. Teams frequently en-
counter situations where a critical dependency has not been updated, forcing
them to maintain forks or write custom implementations.

In summary, React Native’s developer experience is excellent for teams that
are already proficient in React and JavaScript and that are building applications
within the framework’s performance envelope. It is less favorable for teams
that need deep platform integration, maximum performance, or the most
mature tooling ecosystem.

React Native is a technology that continues to evolve. The new architecture
addresses many historical limitations, and Meta continues to invest in the
framework. But it is also a technology with fundamental trade-offs that every
team should understand before committing. The chapters that follow explore
those trade-offs in the context of native alternatives and help clarify when each
approach is the right choice.



Chapter 2: Cross‐Platform
Development: A Taxonomy of
Approaches

The Spectrum of Cross‐Platform Development

Cross-platform mobile development is not a single approach. It is a spectrum
of strategies, each making different trade-offs between code sharing, perfor-
mance, native integration, and developer experience. Understanding where
each technology falls on this spectrum helps clarify which is appropriate for a
given situation.

At one end of the spectrum are WebView-based approaches. These wrap a
web application inside a native container and use JavaScript bridges to access
limited native functionality. The UI is rendered as HTML, CSS, and JavaScript.
This approach maximizes code sharing because web technologies are inher-
ently cross-platform. It minimizes platform-specific behavior because the web
platform abstracts away most differences. However, it sacrifices performance,
native look and feel, and access to platform APIs.

In the middle of the spectrum are frameworks that use JavaScript or other
languages but render native UI components. React Native is the primary exam-
ple. These frameworks share application logic and UI descriptions but rely on
the platform’s native rendering system. They achieve better performance and
a more native appearance than WebView-based approaches while still sharing
substantial code. However, they are constrained by the platform APIs they
can abstract, and they face challenges with platform-specific behavior and
advanced features.

At the other end of the spectrum are frameworks that bring their own
rendering engine and draw their own UI. Flutter is the primary example. These
frameworks render pixels directly using graphics APIs like OpenGL, Metal, or
Vulkan. They do not depend on platform UI components, which gives them
complete control over the appearance and behavior of the UI. However, they
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cannot leverage platform UI improvements automatically, and they require
more engineering effort to achieve platform-consistent design.

Beyond UI frameworks, there is another important category: shared busi-
ness logic. Approaches like KotlinMultiplatform do not share UI code but share
application logic like networking, data models, business rules, and algorithms.
The UI is built using platform-native tools, but the code that does the work
is shared. This approach maximizes native integration and performance while
still achieving significant code reuse.

Each category has its appropriate use cases. The goal is to understand the
trade-offs well enough to choose deliberately rather than by convention or
hype.

WebView‐Based: Cordova, Ionic, and the Legacy Stack

WebView-based frameworks were the first cross-platform mobile develop-
ment approaches to gain widespread adoption. The idea is simple: build your
application using standard web technologies (HTML, CSS, JavaScript), wrap it
inside a native WebView component, and distribute it as a mobile application.

Cordova, formerly known as PhoneGap, is the archetype. It provides a
native container with a WebView and a JavaScript bridge that exposes plugins
for accessing native features like the camera, GPS, and file system. You write
your application as a web app, add Cordova plugins for the native features you
need, and Cordova packages everything into platform-specific binaries.

Ionic builds on this foundation by providing a component library optimized
for mobile. Ionic components are styled to look like native controls on each
platform, and they handle platform-specific interactions like pull-to-refresh
and swipe gestures. Ionic applications are built with standard web frameworks
like Angular, React, or Vue, which means developers can leverage existing web
development expertise.

WebView-based approaches have clear advantages:

Maximum code sharing: The same codebase runs on iOS, Android, and
potentially other platforms with no modification.

Rapid development: Teams that know web technologies can build mo-
bile applications immediately without learning platform-specific languages or
frameworks.
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Easy deployment updates: In some configurations, updates can be deployed
over the air without going through app store review, because the application
code is simply web content loaded into the WebView.

But the disadvantages are significant:

Performance: WebView rendering is slower than native rendering. Anima-
tions can feel sluggish. Complex UIs may have noticeable lag.

Limited native integration: Access to platform APIs is mediated by plugins
that may not support all features or may lag behind platform updates.

Inconsistent experience: The application does not feel fully native.
Scrolling, transitions, and interactions have a web-like quality that users can
detect.

Security concerns: WebView-based applications are susceptible to web-
based attacks like XSS, and they run with the permissions granted to the native
container.

Most teams that started with WebView-based approaches have migrated
away as their applications grew. The technology remains useful for simple
internal tools, proof-of-concept prototypes, and applications where the web
experience is acceptable. But for applications where performance, polish, and
native integration matter, WebView-based approaches are generally insuffi-
cient.

JavaScript Plus Native Rendering: React Native,
NativeScript

React Native, as described in the previous chapter, uses JavaScript for applica-
tion logic but renders native UI components. When you write a View in React
Native on iOS, the framework creates a real UIView. When you write a Text
component, it creates a real UILabel. The result is a UI that is genuinely native,
not a simulation.

NativeScript takes a similar approach but with a different implementation.
Instead of using a custom component API like React Native, NativeScript lets
you use standard web technologies (HTML, CSS, or JavaScript/TypeScript) to
describe UIs that map to native components. NativeScript has integrations
with Angular, Vue, and React, so you can use your preferred web framework
while targeting native components.
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Both frameworks share the same fundamental architecture: JavaScript runs
in a separate runtime, communicates with native code through a bridge or
similar mechanism, and the native side creates and manages real platform UI
components.

The advantages of this approach are substantial:

Native performance: Because theUI is composed of real native components,
performance is close to fully native for many use cases.

Native appearance: The UI uses platform components and respects plat-
form conventions, so it looks and feels native.

Code sharing: A single JavaScript codebase powers both iOS and Android
applications.

Access to platform APIs: Native modules provide access to device features
like the camera, sensors, and file system.

But there are trade-offs:

Platform divergence: iOS and Android have different conventions, differ-
ent component behavior, and different APIs. Achieving consistent behavior
requires platform-specific code and careful testing.

Bridge overhead: Communication between JavaScript and native code is
asynchronous and requires serialization, which can impact performance for
frequent or large data transfers. The new React Native architecture with JSI
addresses this, but the fundamental separation remains.

Dependency management: The ecosystem relies on third-party libraries
that may be inconsistently maintained or incompatible with framework up-
dates.

Complex debugging: Issues can span JavaScript, native code, and the com-
munication layer, making debugging more challenging than in purely native or
purely web applications.

These frameworks are well-suited for applications that need native quality
but benefit from shared code: business applications, content-driven apps, e-
commerce, and internal tools with more demanding requirements than simple
data entry.
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Self‐Contained Runtime Plus Custom Rendering: Flutter

Flutter takes a fundamentally different approach from React Native and Na-
tiveScript. Instead of rendering native components, Flutter draws its own UI
using the Skia graphics library, or its newer rendering engine Impeller.

Flutter applications are written in Dart, a programming language developed
by Google. The Flutter framework provides a comprehensive set of UI widgets
that define the appearance and behavior of the interface. When the application
runs, Flutter compiles Dart code to native machine code using ahead-of-
time compilation. The compiled code runs directly on the device without an
interpreter or virtual machine.

The rendering pipeline works as follows:

Flutter builds a widget tree describing the desired UI.

The widget tree is converted into a render tree of render objects that define
layout and painting behavior.

The render tree is converted into a layer tree of display lists.

Skia or Impeller renders the layer tree as pixels on the screen using GPU-
accelerated drawing commands.

This pipeline is entirely under Flutter’s control. Flutter does not ask iOS to
draw a button or Android to draw a list. It draws them itself, pixel by pixel. This
means the UI looks identical on every platform and every device, regardless of
the underlying operating system version or hardware capabilities.

Flutter’s rendering approach has important consequences:

Consistency: The application looks and behaves identically on every plat-
form. There are no platform-specific rendering quirks to manage.

Performance: Because Flutter compiles to native code and renders using
GPU acceleration, performance is strong for most use cases. Animations are
smooth. Scrolling is responsive.

Customization: Because Flutter draws everything itself, it can create cus-
tom UIs that would be difficult or impossible to achieve with native compo-
nents. Complex animations, custom graphics, and unconventional interfaces
are within reach.



Chapter 2: Cross-Platform Development: A Taxonomy of Approaches 24

No native dependency: Flutter does not depend on platform UI compo-
nents, so it is not affected by platform UI changes or deprecations.

But the approach also has trade-offs:

Larger binary size: Flutter bundles the rendering engine and framework
with every application. Flutter app sizes are typically larger than equivalent
native or React Native apps.

Custom appearance: Flutter’s default widgets look like Material Design on
Android and cupertino-style widgets on iOS, but they are not actual platform
widgets. They approximate platform appearance but do not match it exactly.
Platform-specific design updates may not be reflected automatically.

Native integration: Accessing platform-specific features requires platform
channels, which are asynchronous bridges between Flutter and native code.
Complex native integrations can be challenging.

Dart language: Flutter requires learning Dart, which is less widely known
than JavaScript. Teams invested in JavaScript may prefer React Native for that
reason.

Impeller, Flutter’s newer rendering engine, improves on Skia by precom-
piling shaders at build time, eliminating runtime shader compilation that could
cause jank. Impeller usesMetal on iOS andVulkan onAndroid formore efficient
GPU utilization. It is now the default renderer on iOS and is rolling out to
Android.

Flutter is well-suited for applications where visual consistency across plat-
forms is important, where customor brandedUIs are desired, andwhere teams
are willing to adopt Dart. Many companies, including Google itself (Google Pay,
Google Ads), BMW, and Alibaba, have shipped production Flutter applications.

Shared Business Logic: Kotlin Multiplatform, Swift
Package for Android

Kotlin Multiplatform, often abbreviated as KMP or KMM, takes a more conser-
vative approach to cross-platform development. It does not share UI code.
Instead, it shares business logic: networking, data models, repository im-
plementations, authentication, offline sync, and other platform-independent
concerns.
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Kotlin Multiplatform allows you to write Kotlin code that compiles to
multiple targets: JVM for Android, native for iOS, JavaScript for web, and
more. The same source code can be compiled to produce an Android library
and an iOS framework. Shared code uses platform abstraction through the
expect/actual mechanism, which lets you declare platform-independent
interfaces and provide platform-specific implementations where needed.

The architecture looks like this:

A shared module contains business logic written in Kotlin that does not
depend on platform-specific APIs.

The Android module depends on the shared module and uses Android-
specific UI code (Jetpack Compose or Views).

The iOSmodule depends on an XCFramework built from the sharedmodule
and uses iOS-specific UI code (SwiftUI or UIKit).

Platform-specific concerns like networking or file access are abstracted
behind expect declarations. The shared code calls the abstraction, and each
platform provides an actual implementation using native APIs.

Kotlin Multiplatform has several advantages:

Maximum native integration: Because UIs are built with platform-native
tools, the applications have full access to platform capabilities and follow
platform conventions exactly.

Significant code sharing: The business logic, which is often the most
complex and hardest-to-test part of an application, is shared. This reduces
duplication and ensures consistent behavior.

Incremental adoption: Teams can adopt KMP incrementally, starting with a
single shared module and expanding as they gain confidence. There is no need
to rewrite an existing application.

Type safety: Kotlin is statically typed, so errors are caught at compile time.
The shared code has the same quality guarantees as native code.

Familiar tooling: KMP uses standard Gradle for builds and IntelliJ IDEA for
development, which are tools Android developers already know.

But there are trade-offs:

UI code is not shared: You still need separate UI codebases for iOS and
Android. The code sharing is substantial but not complete.
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Kotlin knowledge required on iOS: iOS developers need to understand
Kotlin to work with shared code, which is a learning curve.

Build complexity: Managing a multiplatform build with platform-specific
dependencies adds complexity.

Ecosystem maturity: While KMP is production-ready and used by compa-
nies like Netflix, Duolingo, and Philips, the ecosystem of shared libraries is not
as mature as the JavaScript ecosystem for React Native or the Dart ecosystem
for Flutter.

Compose Multiplatform extends the Kotlin Multiplatform concept to UI
sharing. It allows you to write Jetpack Compose code that renders on Android,
iOS, web, and desktop. Compose Multiplatform for iOS reached stable status
in May 2025, which means it is now production-ready. This allows teams to
share UI code in addition to business logic, moving Kotlin Multiplatform closer
to a full cross-platform solution while still allowing native integration where
needed.

The key insight about Kotlin Multiplatform is that it represents a pragmatic
middle ground. It acknowledges that complete code sharing is difficult to
achievewithout trade-offs, so it shareswhat can be shared effectively (business
logic) and leaves what cannot be shared well (UI) to native tools.

WebAssembly in Mobile: The Emerging Third Path

WebAssembly, or Wasm, is a binary instruction format designed to run ef-
ficiently in web browsers. It is language-agnostic: code written in C, C++,
Rust, Go, or other languages can be compiled to WebAssembly and run in any
browser that supports it.

The idea of using WebAssembly for mobile development is natural: if you
can compile code toWebAssembly and run it efficiently in a browser, you could
also run WebAssembly in a mobile application and use it as a shared runtime
for application logic.

Several projects are exploring this possibility:

WasmEdge is a lightweight WebAssembly runtime designed for edge com-
puting and mobile. It can run WebAssembly modules on mobile devices with
performance close to native.
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AssemblyScript allows you to write TypeScript-like code that compiles to
WebAssembly, potentially enabling shared code between web and mobile.

React Native Wasm is an experimental project that runs React Native com-
ponents in a WebAssembly runtime, which could enable true cross-platform
sharing including desktop and web.

The potential advantages of WebAssembly for mobile are significant:

Language independence: Code in any language that compiles to We-
bAssembly can run on any platform with a WebAssembly runtime.

Performance: WebAssembly is designed for near-native performance
through optimized compilation and efficient execution.

Security: WebAssembly runs in a sandboxed environment, which provides
isolation and protection.

ButWebAssembly formobile is still emerging. The ecosystem is notmature,
tooling is limited, and performance for complex workloads has not been
extensively benchmarked against established approaches. It is worthwatching,
but it is not yet a production-ready alternative to ReactNative, Flutter, or Kotlin
Multiplatform.

A Decision Framework for Cross‐Platform Choices

Choosing between native, cross-platform, and hybrid approaches requires
evaluating several factors:

Team composition: If your team is primarily composed of JavaScript de-
velopers, React Native enables them to contribute to mobile development
immediately. If your team has strong native expertise, native development may
be more efficient. If your team knows Kotlin and is willing to learn more, Kotlin
Multiplatform offers a path to shared logic.

Application complexity: Simple applications with straightforward UIs and
minimal platform integration benefit from cross-platform approaches because
the overhead of maintaining separate native codebases may outweigh the
benefits. Complex applications with demanding performance requirements,
advanced animations, or deep platform integration may be better suited to
native development.
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Performance requirements: Applications that require maximum perfor-
mance, minimal memory usage, or fastest startup should use native develop-
ment. Cross-platform frameworks add overhead, and while modern frame-
works minimize this overhead, it remains for resource-intensive operations.

Time tomarket: Cross-platformdevelopment can accelerate time tomarket
for the first version by sharing code across platforms. However, this acceler-
ation may diminish over time as platform-specific code accumulates and the
cross-platform codebase becomes complex to maintain.

Long-term maintenance: Native codebases are easier to maintain over the
long term because they benefit from platform updates and tooling improve-
ments automatically. Cross-platform codebases require ongoing investment
to keep dependencies updated and compatibility maintained.

Budget: Cross-platform development can reduce development costs by
sharing code, but the savings must be weighed against the potentially higher
cost of maintaining a complex cross-platform codebase and the risk of hitting
architectural limitations that require expensive rewrites.

There is no single right answer. The best choice depends on your specific
context. The following chapters provide the detailed technical knowledge to
make that choice with confidence.
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