cppcoreguidelines for constexpr

The C++ Core Guidelines offer invaluable advice for writing robust and efficient C++ code, and
their guidance on "constexpr' is particularly crucial in modern C++. As C++ continues to evolve,
leveraging compile-time computation with “constexpr’  has become a cornerstone of high-
performance and safety-conscious programming. This article delves deep into the C++ Core
Guidelines' recommendations for “constexpr’, exploring its capabilities, best practices, and potential
pitfalls. We will examine how "constexpr" functions, variables, and constructors can transform your
code, making it more predictable and performant. Furthermore, we will discuss the evolution of
“constexpr  across C++ standards and how adhering to these guidelines can lead to cleaner, more
maintainable, and significantly faster programs. Understanding and implementing these " constexpr
guidelines will undoubtedly elevate your C++ development skills.
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The Fundamentals of constexpr in C++

At its heart, "constexpr’ in C++ is a promise that a variable or function can be evaluated at compile
time. This is a powerful concept that unlocks significant performance gains and enables a whole
class of compile-time checks. Imagine calculations that your compiler can perform before your
program even starts running. That’s the essence of "constexpr . It's not just about speed, though; it's
also about enabling features that require constant expressions, such as array sizes or template
arguments. Think of it as giving your compiler superpowers, allowing it to do more heavy lifting
upfront.

The ability to perform computations at compile time means that the results are fixed when the
program is built. This eliminates the need for runtime calculations for those specific operations,
directly contributing to faster execution. Moreover, it allows for more aggressive optimizations.
When the compiler knows a value is constant, it can often inline functions, perform constant folding,
and propagate constants throughout the code with greater ease. This makes "constexpr™ a
fundamental tool for any developer aiming for peak performance.

The Evolution of constexpr Across C++ Standards

The journey of "constexpr' in C++ is a testament to the language's continuous improvement.
Initially introduced in C++11, "constexpr had a relatively limited scope. Functions marked
“constexpr’ could only contain a single "return’ statement and were restricted in what they could
do. This was a good start, but it left many desirable compile-time computations out of reach.



C++14 significantly expanded the capabilities of "constexpr™ functions. They gained the ability to
have multiple statements, loops, and local variables. This made them much more practical for a
wider range of use cases. Suddenly, complex algorithms could be executed at compile time, not just
simple arithmetic. This was a game-changer, allowing developers to move more logic from runtime
to compile time.

C++17 further refined "constexpr’, introducing "constexpr  iterators and "constexpr std::vector,
among other enhancements. These additions empowered developers to use standard library
containers and algorithms in compile-time contexts, dramatically increasing the power and flexibility
of "constexpr . The trend continues, with each new standard pushing the boundaries of what can be
achieved at compile time, making "constexpr an increasingly indispensable feature.

C++ Core Guidelines for constexpr Variables

The C++ Core Guidelines offer specific advice regarding the use of “constexpr™ variables. The
primary recommendation is to use “constexpr  whenever a variable's value is known at compile time.
This applies to constants like mathematical values, configuration parameters, or fixed-size buffer
dimensions. By declaring such variables as "constexpr’, you clearly communicate their immutable
nature and enable the compiler to treat them as compile-time constants.

Consider a scenario where you have a fixed maximum buffer size. Declaring it as “constexpr size t
MAX BUFFER SIZE = 1024;" is much better than a regular "const’ variable. The "constexpr
keyword not only ensures it’s immutable but also guarantees it can be used in contexts requiring a
constant expression, such as defining array sizes directly in the type definition or as template
arguments. This provides compile-time safety and efficiency.

One important guideline is to avoid making variables "constexpr' unnecessarily. If a variable's value
is not truly known at compile time, or if it might change during the program's lifetime, "constexpr" is
the wrong tool. Using "constexpr  inappropriately can lead to compilation errors or obscure the
intent of the code. The clarity and intent are paramount; “constexpr should be used to express
compile-time knowability and immutability.

C++ Core Guidelines for constexpr Functions

When it comes to “constexpr™ functions, the guidelines emphasize their use for computations that
can be performed at compile time. This is particularly beneficial for functions that are called with
constant arguments repeatedly or that perform calculations needed for static program structure.
The primary benefit is that the result is computed once during compilation, rather than every time
the function is called at runtime.

The guidelines also strongly advocate for making functions “constexpr" if they are logically intended
to operate on compile-time constants. This allows them to be used in contexts that require constant
expressions. For example, if you have a function to calculate the factorial of a number, and you often
need to know the factorial of small, fixed numbers (e.g., "factorial(5)"), marking it “constexpr™ allows
you to get that value at compile time.

A key principle is to keep “constexpr functions simple and focused. While C++14 and later
standards have made them much more capable, overly complex "constexpr functions can increase
compilation times significantly. The guidelines suggest a pragmatic approach: use "constexpr" for
demonstrable compile-time benefit without sacrificing build performance or code readability. If a
function's logic becomes too intricate for “constexpr to be practical, consider whether it truly



belongs in a compile-time context.

C++ Core Guidelines for constexpr Constructors

The introduction of "constexpr' constructors in C++11 was a significant step, allowing objects to be
constructed at compile time. The C++ Core Guidelines encourage their use for classes whose
members are all initialized with constant expressions and whose operations are entirely performed
at compile time.

A “constexpr’ constructor ensures that an object of that type can be created and its state
determined before runtime. This is crucial for creating compile-time constants of user-defined types.
For instance, you might define a "Point™ struct with "x” and 'y  coordinates. If you can initialize a
"Point™ object with literal values and the operations within the constructor are all compile-time
evaluable, marking the constructor "constexpr allows you to create "constexpr Point p = {10, 20}; .

The guidelines also stress that a “constexpr’ constructor must not have side effects that depend on
runtime state, nor should it perform operations that are not themselves evaluable at compile time.
This means avoiding dynamic memory allocation (unless it's done in a “constexpr way in later
standards), virtual function calls, and exceptions (though some exceptions are allowed in C++20 and
later). The intent is to create objects whose entire existence and value are fixed during compilation,
fitting seamlessly into the "constexpr™ ecosystem.

constexpr and Compile-Time Evaluation

The magic of “constexpr’ lies in its ability to shift computation from runtime to compile time. When
you mark a variable, function, or constructor as “constexpr , you're instructing the compiler to
evaluate it during the build process whenever possible. This has profound implications for
performance and program behavior.

Compile-time evaluation means that the result of the computation is baked directly into the
executable. This eliminates the overhead associated with calling a function or performing a
calculation while the program is running. For example, if you have a "constexpr function to
calculate a Fibonacci number for a small input, the compiler will compute that number and replace
the function call with the literal result. This is a form of constant folding, a powerful optimization
technique.

This compile-time evaluation also enables features that are impossible at runtime. For instance,
array sizes in C++ traditionally had to be compile-time constants. With "constexpr’, you can now
define arrays using "constexpr  variables derived from calculations that happen at compile time.
This extends to template metaprogramming, where "constexpr" functions can be used to compute
template arguments, leading to more sophisticated and efficient code generation.

Common Pitfalls and How to Avoid Them

Despite its power, "constexpr can be a source of subtle bugs if not used correctly. One common
pitfall is attempting to use "constexpr for operations that are not truly constant-time evaluable. For
example, including operations like "std::time(nullptr)” or accessing non- constexpr' standard library
functions within a "constexpr' context will lead to compilation errors.



Another pitfall is overly complex "constexpr functions. While C++14 and beyond allow more
complex logic, excessively long or intricate “constexpr functions can dramatically increase
compilation times. This can lead to a frustrating development experience. The guideline here is to be
pragmatic. If a "constexpr function is becoming a bottleneck for compilation, reconsider its
complexity or whether it truly benefits from compile-time evaluation. Sometimes, a well-optimized
runtime function is preferable.

A third pitfall relates to the subtle differences in evaluation semantics between different C++
standards. While “constexpr’ has become more permissive, older codebases or developers
accustomed to earlier standards might make assumptions that are no longer valid. It's crucial to be
aware of the specific C++ standard being used and the corresponding "constexpr™ capabilities.
Always test your “constexpr code with your target compiler and standard to ensure it behaves as
expected.

The Impact of constexpr on Performance and Safety

The impact of "constexpr™ on performance is overwhelmingly positive. By moving computations to
compile time, you reduce or eliminate runtime overhead. This is particularly beneficial in
performance-critical applications, embedded systems, or areas where every microsecond counts.
Imagine complex calculations that determine lookup table values or configuration parameters;
performing these at compile time means your program starts faster and executes subsequent
operations more efficiently.

Beyond raw speed, constexpr enhances safety. Compile-time evaluation allows for a wider range of
checks to be performed during the build process. Errors that would have manifested as runtime
crashes or incorrect behavior can be caught early, during compilation. This leads to more robust and
reliable software. For example, if an invalid constant expression is used for an array size, the
compiler will flag it, preventing a potential buffer overflow at runtime.

Furthermore, "constexpr promotes immutability, a key principle for writing safer code. By
enforcing that certain values are constant and unchangeable, “constexpr™ reduces the possibility of
accidental modification, making it easier to reason about the program's state. This deterministic
nature of "constexpr computations contributes significantly to the overall safety and predictability
of your C++ applications.

Best Practices for Modern C++ with constexpr

Adhering to the C++ Core Guidelines for "constexpr" involves adopting several best practices.
Firstly, always strive to use "constexpr for any variable whose value is immutable and known at
compile time. This includes magic numbers, configuration flags, and fixed-size constants.

Secondly, identify functions that perform calculations with constant inputs and have no side effects
that depend on runtime state. Mark these functions "constexpr to enable their use in compile-time
contexts and to gain performance benefits. Keep these functions focused and avoid unnecessary
complexity.

Thirdly, embrace "constexpr constructors for user-defined types that are intended to be compile-
time constants. This allows for the creation of constant objects whose entire state is determined
during compilation, leading to more efficient and predictable program initialization.

Finally, stay informed about the evolving capabilities of “constexpr across C++ standards.



Leverage the latest features to their fullest, but always be mindful of compilation times and code
readability. By consistently applying these principles, you can harness the full power of *constexpr’
to write modern, efficient, and safe C++ code.

Frequently Asked Questions about cppcoreguidelines for
constexpr

Q: What is the primary benefit of using "constexpr according

to the C++ Core Guidelines?

A: The primary benefit highlighted by the C++ Core Guidelines is the ability to perform
computations at compile time, which leads to significant performance improvements by eliminating
runtime overhead and enabling more aggressive compiler optimizations.

Q: Are there any restrictions on what a "constexpr function
can do?

A: Yes, while C++14 and later standards have relaxed restrictions, "constexpr™ functions must still
operate within the bounds of compile-time evaluability. They generally cannot perform operations
with runtime side effects, such as dynamic memory allocation (in older standards), or call non-
“constexpr  functions that rely on runtime state.

Q: When should I prefer "constexpr over const for a
variable?

A: You should prefer "constexpr™ over "const™ for a variable if its value is not only immutable but
also known at compile time and you intend to use it in contexts requiring a constant expression, like
array sizes or template arguments.

Q: How does constexpr impact compilation times, and what
are the guidelines for managing this?

A: “constexpr’ can increase compilation times if used for overly complex computations. The C++
Core Guidelines suggest a pragmatic approach: use "constexpr’ when the benefits of compile-time
evaluation are significant and avoid excessively intricate "constexpr’ functions that might become
compilation bottlenecks.

Q: Can constexpr be used with user-defined types (classes
and structs)?

A: Absolutely. "constexpr™ constructors allow objects of user-defined types to be created at compile
time, provided that all members are initialized with constant expressions and the constructor's logic
is itself compile-time evaluable.



Q: What are some common mistakes developers make when
using “constexpr ?

A: Common mistakes include attempting to evaluate non-constant operations at compile time,
creating excessively complex "constexpr functions that inflate build times, and misunderstanding
the evolving semantics of “constexpr  across different C++ standards.

Q: How does constexpr contribute to code safety?

A: “constexpr’ enhances safety by enabling more error checking at compile time. Errors that might
lead to runtime issues are caught during the build process, and the enforced immutability of
“constexpr’ variables reduces the risk of accidental data corruption.

Q: Does the C++ Core Guidelines recommend using
“constexpr for all possible compile-time computations?

A: The guidelines recommend using "constexpr judiciously. While they encourage leveraging its
benefits, they also emphasize practicality, advising against its use if it leads to unmanageable
complexity or excessive compilation times for minimal gain.
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