cppcoreguidelines for unique ptr

The C++ Core Guidelines provide invaluable advice for modern C++ development, and their
guidance on smart pointers, particularly "std::unique ptr’, is crucial for writing robust and memory-
safe code. Understanding how to effectively leverage "unique ptr' is paramount to avoiding common
pitfalls like memory leaks and dangling pointers. This comprehensive article delves deep into the
“cppcoreguidelines’ recommendations for “unique ptr’, exploring its fundamental concepts, best
practices for its usage, and common scenarios where it shines. We will cover aspects such as
ownership semantics, move semantics, array handling, and how to integrate "unique ptr  seamlessly
with existing codebases and libraries.
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Understanding std::unique_ptr and Ownership

At its heart, "std::unique ptr is a smart pointer that enforces unique ownership of a dynamically
allocated object. This means that at any given time, only one "unique ptr' can own a particular
resource. When the "unique ptr’ goes out of scope or is explicitly reset, it automatically deallocates
the resource it owns. This deterministic destruction is a cornerstone of modern C++ and a primary
reason why the "cppcoreguidelines’ strongly advocate for its use over raw pointers for managing
dynamically allocated memory. Think of it like a single key to a valuable item; only one person holds
the key at a time, ensuring that the item is properly accounted for and returned when the keyholder
is done with it.

The concept of ownership transfer is also critical. Unlike a raw pointer that can be copied freely,
leading to multiple pointers pointing to the same memory (and thus, double deletion issues),

‘unique ptr’ can only be moved. This move operation transfers ownership from one "unique ptr to
another. The original "unique ptr’ then becomes null, ensuring that the resource is still managed by
exactly one pointer. This explicit transfer of ownership makes the code's intent much clearer and
prevents accidental sharing of resources. The “cppcoreguidelines’ emphasize this move-only nature
as a key safety feature.

Core Guidelines for unique ptr Creation and
Initialization

The “cppcoreguidelines” are very clear on how to create and initialize "unique ptr' instances safely.
The most recommended way is to use "std::make unique’. This helper function, introduced in



C++14, not only creates a unique ptr but also constructs the object it will manage in a single,
exception-safe operation. This reduces the chances of resource leaks if an exception occurs between
allocating memory and constructing the object. It also often leads to more concise code.

For example, instead of:

e ‘std::unique ptr ptr(new MyClass(argl, arg2));

The preferred method is:

e "auto ptr = std::make unique(argl, arg2);’

This syntax is not only shorter but also provides better exception safety guarantees. The
“cppcoreguidelines” discourage the direct use of ‘new" with "unique ptr' when "std::make unique’
is available, as it can introduce subtle ordering dependencies that might lead to leaks in complex
exception scenarios.

Best Practices for unique ptr Assignment and
Transfer

When you need to change which "unique ptr' owns a resource, the "cppcoreguidelines” point
towards using move semantics. The primary mechanism for this is “std::move’. When you move a
‘unique ptr’, the ownership of the managed object is transferred to the destination "unique ptr’,
and the source "unique ptr' is left in a null state. This is often used when returning a "unique ptr
from a function, as return value optimization (RVO) or named return value optimization (NRVO)
might not always kick in, and a move is more efficient than a copy (which isn't allowed anyway).

Consider a factory function that creates and returns a “unique ptr'. Without "std::move’, the
compiler might try to copy the "unique ptr', which is disallowed. By using "std::move’, you explicitly
signal that you are transferring ownership, allowing the function to return the managed resource
correctly and efficiently. The "cppcoreguidelines’ also recommend using "reset()” when you want to
release the current resource and potentially take ownership of a new one, or simply to clear the
‘unique ptr' and deallocate its current resource.

Handling Arrays with "std::unique ptr

Managing arrays dynamically allocated with "new[]" can be tricky, but "std::unique ptr' has a
specialization specifically for this purpose: "std::unique ptr . This specialization correctly uses
“delete[]" when the "unique ptr’ is destroyed, ensuring that all elements of the array are
deallocated properly. The "cppcoreguidelines’ recommend using this specialization whenever you
need a dynamically sized array that should be automatically managed.

Creating an array-based "unique ptr’ typically involves "std::make unique’ as well, but with a
slightly different syntax. For instance, to create a "unique ptr" to an array of 10 integers:



e "auto arr ptr = std::make unique(10);"

This "unique ptr' can then be accessed using array indexing, just like a raw array pointer, but with
the added safety of automatic deallocation. The "cppcoreguidelines” strictly advise against using a
plain “std::unique ptr" with ‘new T[size]" because it would incorrectly use "delete" instead of
“delete[]", leading to undefined behavior and potential corruption.

‘unique_ptr  and Resource Management Beyond
Memory

While "std::unique ptr' is most commonly associated with managing dynamically allocated memory,
its power lies in its ability to manage any resource that can be released by a "deleter" function. The
“cppcoreguidelines” encourage thinking about "unique ptr’ as a general-purpose RAII (Resource
Acquisition Is Initialization) wrapper. You can provide a custom deleter to "unique ptr' that
performs any necessary cleanup operation.

This is particularly useful for managing C-style resources like file handles (e.g., "FILE"), network
sockets, or graphics handles (e.g., OpenGL texture IDs). By wrapping these raw resource handles in
a unique ptr  with an appropriate custom deleter function, you ensure that these resources are
always closed or released, even if exceptions occur. This significantly simplifies resource
management and makes your code more resilient. The "cppcoreguidelines’ provide examples and
recommendations for crafting these custom deleters to ensure proper resource cleanup.

Interfacing with Raw Pointers and Legacy Code

It's inevitable that you'll encounter situations where you need to work with raw pointers, perhaps
when interacting with older C APIs or libraries. The "cppcoreguidelines” offer advice on how to
safely bridge this gap. You can obtain a raw pointer from a "unique ptr' using the "get()" method.
However, you must be extremely careful when doing so. The raw pointer obtained via “get()" is only
valid as long as the "unique ptr' that owns the resource is alive and still owns it.

The "cppcoreguidelines” strongly caution against storing or returning raw pointers obtained from
“get()" for prolonged use, as this bypasses the ownership semantics of "unique ptr  and can easily
lead to dangling pointers if the "unique ptr’ is later reset or goes out of scope. If you need to share
ownership temporarily, consider using "std::shared ptr . When working with legacy code that
returns raw pointers, you can often transfer ownership to a "unique ptr’ using the "std::unique ptr’
constructor that takes a raw pointer and a deleter, though "std::make unique’ remains preferred for
new allocations.

Common Pitfalls to Avoid with "unique ptr

Despite its safety features, it's still possible to misuse "unique ptr'. The cppcoreguidelines’
highlight several common pitfalls that developers should be aware of. One of the most frequent
mistakes is attempting to copy a "unique ptr'. Since "unique ptr  enforces exclusive ownership,



direct copying is disallowed. Trying to do so will result in a compile-time error. Developers must
remember to use "std::move  for ownership transfer.

Another pitfall is using "unique ptr to manage objects that are not dynamically allocated, or using it
incorrectly with arrays. As mentioned earlier, using "std::unique ptr" for arrays and "new T[size]’
will lead to incorrect deallocation. Always use "std::unique ptr' with "new T[size] . Furthermore,
relying on "get()” extensively without understanding its lifetime implications is dangerous. The
“cppcoreguidelines’ emphasize that “unique ptr is designed to manage the lifetime of an object,
and bypassing this management through raw pointers can negate its benefits. Finally, remember
that "unique ptr' is a value type and its default move constructor and move assignment operator are
implicitly generated and work as expected for transferring ownership.

Advanced unique ptr Scenarios and Custom Deleters

The flexibility of “std::unique ptr' extends to custom deleters, which are functions or function
objects that "unique ptr' calls when it needs to release the managed resource. This is incredibly
powerful for managing resources beyond raw memory. For instance, if you're working with a library
that provides a "CloseHandle™ function for a specific type of handle, you can pass this function as a
custom deleter to “unique ptr .

The “cppcoreguidelines’ suggest that when creating custom deleters, they should be stateless if
possible, or capture necessary context by value in a lambda. For example, managing a " FILE®
pointer:

e "auto file ptr = std::unique ptr(fopen("myfile.txt", "r"), &fclose);

This ensures that "fclose™ is called on the "FILE™ when “file ptr goes out of scope. Custom deleters
allow "unique ptr" to be a truly universal RAII tool, making your code cleaner and safer by ensuring
all acquired resources are properly released.

The C++ Core Guidelines offer a robust framework for writing modern, safe, and efficient C++
code. “std::unique ptr' is a cornerstone of this framework, providing a clear and unambiguous way
to manage resource ownership. By adhering to the recommendations for its creation, transfer, and
specialized uses like array management, developers can significantly reduce the likelihood of
memory leaks and other resource-related bugs. Embracing "unique ptr’ is not just about avoiding
errors; it's about writing more expressive, maintainable, and robust software. The ability to extend
its functionality with custom deleters further solidifies its role as an indispensable tool in any C++
developer's arsenal.

FAQ

Q: What is the primary benefit of using "std::unique ptr
according to the C++ Core Guidelines?

A: The primary benefit, as emphasized by the C++ Core Guidelines, is its enforcement of unique



ownership of dynamically allocated resources. This prevents common C++ errors like memory leaks
and double deletions by ensuring that exactly one "unique ptr' is responsible for deallocating a
resource.

Q: Why does std::make unique have a special place in the
C++ Core Guidelines for "unique ptr ?

A: “std::make unique’ is highly recommended by the C++ Core Guidelines because it provides
exception safety by constructing the object and creating the "unique ptr' in a single, atomic
operation. This minimizes the risk of resource leaks if an exception occurs during the construction of
the managed object.

Q: Can std::unique ptr be copied?

A: No, “std::unique ptr  cannot be copied. The C++ Core Guidelines stress that it enforces exclusive
ownership. If you need to transfer ownership, you must use "std::move".

Q: How should "std::unique_ptr be used to manage
dynamically allocated arrays?

A: According to the C++ Core Guidelines, you should use the "std::unique ptr’ specialization for
arrays. This specialization ensures that “delete[] is called upon destruction, correctly deallocating
all elements of the array. Using "std::make unique(size) is the preferred way to create such
pointers.

Q: What does the C++ Core Guidelines say about using raw
pointers obtained from "unique ptr::get() ?

A: The C++ Core Guidelines strongly advise caution when using "unique ptr::get() . The obtained
raw pointer is only valid as long as the "unique ptr’ remains in scope and owns the resource.
Storing or relying on these raw pointers for extended periods can lead to dangling pointers and
undefined behavior.

Q: Can std::unique _ptr manage resources other than
memory?

A: Yes, the C++ Core Guidelines highlight that "std::unique ptr' can manage any resource that can
be released by a deleter. By providing a custom deleter function, you can wrap and manage
resources like file handles, network sockets, or other C-style resource pointers, ensuring their
proper cleanup.



Q: What is the difference between "std::unique ptr and
“std::shared_ptr in the context of the C++ Core Guidelines?

A: The C++ Core Guidelines distinguish them by ownership semantics: "std::unique ptr enforces
unique ownership, meaning only one pointer owns the resource at a time, and it's automatically
deleted when that pointer goes out of scope. "std::shared ptr’, on the other hand, allows shared
ownership, where multiple pointers can manage the same resource, and the resource is deleted only
when the last “shared ptr’ pointing to it is destroyed.

Q: What is the C++ Core Guidelines recommendation for
returning unique ptr' from functions?

A: The C++ Core Guidelines recommend returning "unique ptr by value. Due to move semantics
and potential return value optimizations, this is efficient and correct, as ownership is transferred to
the caller. Explicitly using "std::move’ might be necessary in some cases, but often the compiler
handles it correctly.
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