Why Zig Could Be the Next Big

Systems Programming Language in
2025

This document explores the rising prominence of Zig, a modern systems programming language, and
outlines its key features, advantages over established languages like C and C++, and its growing
ecosystem. It delves into real-world applications, community growth, and the challenges it faces,

culminating in a compelling argument for why 2025 is poised to be Zig's breakout year in the software
development landscape.
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Introduction: The Quest for a
Modern C Successor

Systems programming, the bedrock of our digital world, demands an unparalleled blend of control,
performance, and reliability. For decades, C has been the undisputed champion, pioneering these
qualities. However, as software complexity escalated and security vulnerabilities became more
prevalent, C's inherent limitations—particularly its lack of built-in memory safety and fragmented
tooling—have become increasingly apparent. Developers and organizations are actively seeking a
successor that retains C's raw power while addressing its modern-day challenges.

Enter Zig, a relatively young language conceived by Andrew Kelley in 2015. Zig aims to strike a delicate
balance: offering a simpler, safer, and more robust alternative to C, without introducing the
complexities or philosophical shifts seen in languages like Rust or the managed runtimes of Go. While
Rust champions strict ownership and borrowing rules for memory safety, and Go focuses on
concurrency and garbage collection, Zig carves its own niche by prioritizing explicit control and
compile-time guarantees, minimizing hidden behaviors and runtime overhead.

This document serves as a comprehensive overview, charting Zig's remarkable ascent. We will uncover
its core philosophies, dissect its most compelling features, and juxtapose it against the established
titans of systems programming. Furthermore, we will examine its burgeoning ecosystem, highlighting
significant real-world applications and the vibrant community driving its adoption. By exploring its
strengths and acknowledging its current limitations, this analysis will build a compelling case for why
2025 is not just another year, but potentially the breakout year for Zig, solidifying its position as a
major player in the future of systems programming.
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Key Features of Zig: Simplicity

Meets Power

Zig's design philosophy revolves around providing maximum control to the programmer with minimal
hidden behavior. This ethos translates into a set of powerful and unique features that set it apart

from other systems languages:

——— —0——

Safety without hidden control
flow

Zig enforces explicit error handling through
error unions, eliminating exceptions and
unforeseen runtime panics. Every function
that can fail must explicitly return an error,
forcing developers to acknowledge and
handle potential issues. There are no hidden
allocations or control flow jumps, leading to
highly predictable program behavior.

Arbitrary-sized integers &
packed structs

Zig offers unparalleled control over memory
layout. Developers can define integers of any
bit width (e.g., u3 for 3-bit unsigned

integers), allowing for extremely compact
data structures. Packed structs further
enable bit-perfect control, which is critical for
low-level programming, embedded systems,
and network protocols where every bit
matters.

——— — 00—

Comptime execution
(Metaprogramming)

Comptime is one of Zig's most revolutionary
features. It allows Zig code to be executed at
compile time, enabling powerful
metaprogramming. This means developers
can write code that generates other code,
performs complex calculations, or validates
logic during compilation, without the
complexity of C++ templates or external
code generators. This leads to highly
optimized binaries and eliminates runtime
overhead for tasks that can be resolved
upfront.

First-class C interoperability

Unlike many new languages, Zig treats C as a
first-class citizen. It can directly import C
headers and link against C libraries without
needing FFI (Foreign Function Interface)
bindings or wrappers. This seamless
integration vastly simplifies the migration of
existing C codebases to Zig and allows
developers to leverage the vast ecosystem of
battle-tested C libraries.

—e  —0——

Built-in cross-compilation

Minimal runtime & no hidden
COStS
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Zig vs. C and C++: A Modern

Alternative

While C and C++ have dominated systems programming for decades, Zig emerges as a compelling
modern alternative by addressing many of their long-standing pain points, offering a more

streamlined, safer, and developer-friendly experience without compromising on performance.

"Zig offers a refreshing approach
by stripping away unnecessary
complexity, providing the power
of C with modern safety features
and a superior developer
experience.’

— Andrew Kelley, Creator of Zig

Unlike C++, Zig deliberately shuns complex
features like class hierarchies, virtual functions,
templates, and operator overloading. It
embraces explicitness and simplicity, believing
that these lead to more readable, maintainable,
and predictable code. This avoids the "footgun"
tendency of C++ where subtle interactions
between complex features can lead to obscure
bugs. Zig's philosophy is that if a feature
introduces hidden costs or non-obvious
behavior, it should be rethought or excluded.

Compared to C, Zig introduces fundamental
improvements. While C requires external tools
and disciplined programming to achieve
memory safety, Zig incorporates checks for out-
of-bounds accesses and memory leak detection
directly into its debug and safe builds. These
features can be compiled out for release builds,
retaining performance while significantly
enhancing developer productivity during testing
and debugging. Furthermore, Zig's tooling, from
its built-in build system to its package manager,
is far more integrated and straightforward than
C/C++'s notoriously fragmented and often
frustrating ecosystem (e.g., Make, CMake,
Autotools, Conan, vcpkg).

A key differentiator from Rust, another modern
systems language, is Zig's gentler learning curve.
Rust's powerful ownership and borrowing
system, while guaranteeing memory safety at
compile time, often presents a steep learning
curve with its borrow checker. Zig, in contrast,
gives programmers more direct control over
memory allocation and lifetimes, similar to C,
but augments it with optional runtime safety
checks. This means developers can gradually
adopt safer practices without fighting a strict
compiler. Developers report a faster ramp-up
time for Zig, especially those coming from C.

Zig's commitment to explicitness extends to its approach to undefined behavior (UB). Modern C

compilers often exploit UB for aggressive optimizations, leading to unexpected program behavior that

is difficult to debug. Zig, through its Unbuffered Sanitizer (UBSan) runtime, provides clear error

messages and stack traces when UB is detected, significantly improving the debugging experience
over traditional C compilers. This focus on clear, actionable diagnostics makes Zig development more
transparent and less prone to elusive bugs caused by compiler-specific interpretations of undefined

behavior.
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Real-World Use Cases: From
Experimental to Mission-Critical

Zig is rapidly transitioning from an experimental language to a serious contender for mission-critical

applications, demonstrating its viability across a diverse range of domains:

TigerBeetle: Financial Ledger

One of the most prominent real-world
applications of Zig is TigerBeetle, a high-
profile financial ledger system designed for
speed, security, and correctness. This
ambitious project leverages Zig's low-level
control and performance characteristics to
build a distributed database optimized for
financial transactions. TigerBeetle's choice
of Zig demonstrates the language's
capability for production-grade, highly
sensitive applications where reliability and
performance are paramount. Its success is
a strong testament to Zig's maturity and
stability for mission-critical systems.

Ghostty: Terminal Emulator

Ghostty is a new cross-platform GPU-
accelerated terminal emulator built entirely
in Zig. It showcases Zig's ability to create
performant, low-latency user-facing
applications. The choice of Zig allows
Ghostty to achieve native performance
while maintaining a highly portable
codebase, leveraging Zig's excellent cross-
compilation features to target various
operating systems effectively.

Bun: JavaScript Runtime

Bun is an incredibly fast JavaScript runtime,
transpiler, bundler, and package manager,
primarily written in Zig. Bun’s adoption of
Zig for its core performance-critical
components is a clear indicator of Zig's
prowess in delivering high-speed execution
environments. By leveraging Zig, Bun
achieves impressive startup times and
execution speeds, making it a powerful tool
for modern web development workflows
and demonstrating Zig's utility in building
foundational tools that underpin other
programming ecosystems.

Personal Projects and Tooling

Beyond these large-scale projects,
numerous individual developers are finding
Zig to be an ideal language for personal
projects, system utilities, and even rewriting
existing codebases from other languages
like Rust. Developers often report that Zig's
explicitness leads to simpler designs and
more predictable behavior, which translates
to a more enjoyable and productive
development experience, especially for
lower-level tasks where fine-grained control
is desired. This grassroots adoption is a
significant indicator of its growing appeal
and ease of use.

Furthermore, Zig's ability to produce extremely small binary sizes and its first-class support for

WebAssembly make it highly attractive for embedded systems, IoT devices, and web-based

applications where resource constraints are tight. Its integrated cross-compilation simplifies the
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Community and Ecosystem Growth:
From Fringe to Fashionable

The true strength of any programming language lies not just in its technical merits but also in the
vibrancy and dedication of its community and the maturity of its ecosystem. Zig, despite its relative
youth, has cultivated a passionate and rapidly expanding following, indicative of its long-term

potential.

A notable milestone reflecting Zig's burgeoning
adoption is its significant climb in the TIOBE index, a
popular indicator of programming language
popularity. While historically a niche language, Zig
experienced a remarkable jump from #149 to #61 in
early 2025. This dramatic rise signals a growing
awareness and interest among the broader
developer community, moving it from the fringe into
the realm of increasingly fashionable and considered
languages.

The governance model of Zig further distinguishes it.
The development of Zig is stewarded by the Zig
Foundation, a non-profit organization founded and
led by Andrew Kelley, the language's creator. This
structure ensures that Zig's evolution remains
independent and is not driven by the commercial
interests of a single corporation, a common concern
with languages backed by large tech companies. This
independent, community-first approach resonates
strongly with developers who value open-source
principles and long-term stability.

Community activity is flourishing. The Zig
project maintains transparent
development logs (devlogs), regular
roadmap discussions, and active forums
where contributors and users can engage
directly with the core team. This openness
fosters a sense of shared ownership and
encourages participation. Furthermore, a
growing body of educational content,
including new books, tutorials, and
conference talks, is emerging, making the
language more accessible to newcomers.
This organic growth in learning resources
is vital for sustaining momentum.

While still considered pre-1.0 (indicating
that its APl might still undergo some
changes), Zig's ecosystem of libraries and
tooling is expanding at a steady pace. Key
areas like network programming, data
structures, and various utility libraries are
seeing continuous development. Though
not yet as vast as Rust or Go, the quality
and robustness of existing Zig libraries are
improving, and the language’s strong C
interoperability mitigates many immediate
needs by allowing seamless integration
with existing C libraries.

Crucially, the Zig community prides itself on a culture of transparency, persistence, and inclusivity.

This contrasts with the sometimes-perceived corporate-driven cultures of other languages. The focus

is on technical excellence, robust design, and a welcoming environment for all contributors, fostering

a loyal and dedicated user base that is committed to seeing Zig succeed on its own merits.
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Challenges and Limitations: The
Road Ahead

Despite its promising trajectory and compelling features, Zig, like any evolving technology, faces a
number of challenges and limitations that must be addressed for it to achieve widespread adoption:

e Immature Tooling: One of the most frequently cited challenges is the relative immaturity of its
tooling, particularly for advanced IDE features. While basic language server protocol (LSP) and
editor support exists, features like robust refactoring, advanced autocompletion, and seamless
debugging experiences are still evolving. This is especially true for complex comptime usage,
where static analysis can be challenging. Developers migrating from languages with highly
polished IDEs (e.g., Java, C#, TypeScript) may find the tooling ecosystem less refined.

e Verbosity and Explicitness: Zig's core philosophy of explicitness means that certain operations,
particularly error handling, can be more verbose compared to languages with built-in exceptions
or more implicit control flow. While this design choice leads to highly predictable code, it might
deter developers accustomed to more concise languages or those who prioritize brevity over
explicit control. The "no hidden control flow" rule can sometimes mean more boilerplate code for
common patterns.

e Documentation Gaps and Breaking Changes: As a language still in active pre-1.0 development,
Zig's documentation, while comprehensive in parts, can have gaps or lag behind the latest
language features. Additionally, occasional breaking changes to the language specification or
standard library require early adopters to be patient and adapt their codebases, which can be a
barrier for large-scale production deployments.

e Smaller Ecosystem: Compared to established languages like Rust, Go, C++, or even C, Zig's third-
party library and framework ecosystem is significantly smaller. This means developers may need
to write more code from scratch or wrap existing C libraries, which can slow down development
for certain application domains. While the community is growing, it will take time for a
comprehensive set of ergonomic libraries to emerge.

e Language Design Debates: Certain design decisions in Zig, such as the deliberate absence of
destructors (which complicates resource management for some patterns) or the lack of
typeclasses (which limits generic programming paradigms common in other languages), continue
to spark debate among experienced systems programmers. While these choices align with Zig's
explicitness philosophy, they represent paradigm shifts that some developers may find challenging
to adopt.

Addressing these limitations will be crucial for Zig's continued growth and broader acceptance beyond
its current enthusiastic early adopter base. Improved tooling, more stable APIs, and the organic
growth of its library ecosystem will naturally alleviate many of these concerns over time, paving a
smoother road for new developers and larger enterprises.
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Visualizing Zig’s Architecture and
Worktlow

To further illustrate Zig's unique architectural advantages and development workflow, let's look at its
compilation pipeline, a code example, and a brief comparison with C.

Comptime

Cross-Compile

Source Code

C Interop

This diagram highlights the central role of comptime in Zig's workflow, allowing code generation and
optimization directly within the compilation process. It also emphasizes the seamless C
interoperability, where Zig can directly consume and produce C-compatible artifacts, and its native
support for cross-compilation to a multitude of targets.

Code Example: Error Handling and
Comptime

Below is a simple Zig program demonstrating its explicit error handling with error unions and a basic
use of comptime for compile-time logic.

const std = @import("std");

/11 An error type for our division function.

const DivideError = error{
DivisionByZero,

2

/// Divides two numbers, returning an error if division by zero occurs.
fn safeDivide(numerator: f32, denominator: f32) DivideError!f32 {
if (denominator == 0.0) {
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