
async_trait is a widely-used Rust crate that enables the use of async fn methods within traits,

addressing a historical limitation in the Rust compiler. This guide delves into its purpose, internal

mechanics, usage patterns, and trade-offs.

async_trait resolves the impossibility of declaring async fn in traits natively in Rust prior to

version 1.75. While Rust 1.75 stabilized async fn in traits for static dispatch, limitations remain for

dynamic dispatch (dyn Trait). The crate provides a macro-driven solution to:

The macro #[async_trait] rewrites async trait methods into methods returning

Pin&lt;Box&lt;dyn Future + Send + 'async_trait&gt;&gt;. This transformation ensures

compatibility with Rustʼs trait object system.

For a trait:

#[async_trait]  
trait Advertisement {  
    async fn run(&amp;self);  
}  

The macro expands it to:

trait Advertisement {  
    fn run&lt;'async_trait&gt;(  
        &amp;'async_trait self,  
    ) -&gt; Pin&lt;Box&lt;dyn core::future::Future&lt;Output = ()&gt; + Send + 'async_tra
    where  

Understanding async_trait in Rust: A Comprehensive
Guide

Core Purpose of async_trait

���Enable async methods in traits: Transform async fn into compatible trait methods.

���Support dynamic dispatch: Allow traits with async methods to be used as trait objects (dyn
Trait).

���Maintain compatibility: Work around Rustʼs limitations while preserving idiomatic syntax

.
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Internal Mechanics

Code Transformation Example



        Self: Sync + 'async_trait,  
    {  
        Box::pin(async move { /* original method body */ })  
    }  
}  

This ensures the method returns a dyn Future that can be boxed and used in trait objects

.
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Key Components

���Pin&lt;Box&lt;dyn Future&gt;&gt;:

Pin ensures safety for self-referential futures.

Box provides heap allocation for type erasure.

dyn Future allows dynamic dispatch .�1� �3�

���Lifetime Management:

The 'async_trait lifetime ties the futureʼs lifetime to the traitʼs lifetime, resolving

borrowing issues .�1� �4�

���Send/Sync Bounding:

By default, methods return Send futures.

Opt-out via #[async_trait(?Send)] for non-threadsafe futures .�1� �4�

Usage Patterns

Basic Usage

���Add Dependency:

[dependencies]  
async-trait = "0.1.88"  

���Define Trait:

use async_trait::async_trait;  

#[async_trait]  
trait Database {  
    async fn get_user(&amp;self) -&gt; User;  
}  

���Implement Trait:

#[async_trait]  
impl Database for MyDatabase {  
    async fn get_user(&amp;self) -&gt; User {  
        // Async logic  



Use trait objects for polymorphism:

let db: Box&lt;dyn Database&gt; = Box::new(MyDatabase);  
db.get_user().await;  

Note: Implementations must also use #[async_trait] .

For thread-unsafe futures:

#[async_trait(?Send)]  
trait LocalState {  
    async fn process(&amp;mut self);  
}  

#[async_trait(?Send)]  
impl LocalState for MyStruct {  
    async fn process(&amp;mut self) {  
        // Thread-unsafe logic  
    }  
}  

async_trait accommodates most Rust trait patterns:

Feature Support Status Example

Self by reference ✔ async fn run(&amp;self)

Self by mutable ref ✔ async fn modify(&amp;mut self)

No Self ✔ async fn static_method()

Generic types ✔ async fn&lt;T&gt;(self, t: T)

Lifetime parameters ✔ async fn&lt;'a&gt;(&amp;'a self)

Associated types ✔ type Output;

Default implementations ✔ async fn default()

Limitation: Self by value or impl Trait in arguments are unsupported .

    }  
}  

Dynamic Dispatch
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Handling Non-Send Futures

Supported Features
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For static dispatch, native async fn is preferred:

trait Database {  
    async fn get_user(&amp;self) -&gt; User;  
}  

impl Database for MyDatabase {  
    async fn get_user(&amp;self) -&gt; User {  
        // Direct async implementation  
    }  
}  

Limitations:

A nightly-only alternative using GATs and existential types to avoid boxing. Not production-

ready .

Performance Considerations

Overhead Analysis

Heap Allocation: Each async fn call allocates a Box&lt;dyn Future&gt;, introducing minor

overhead.

Benchmarks:

Low-Throughput: Negligible impact (e.g., �20 ns per call).

High-Throughput: May accumulate latency in extreme cases (e.g., 1 ms for 100K calls)
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Optimizations

���Avoid Double Allocation: Ensure async_trait is applied to all impl blocks.

���Prefer Static Dispatch: Use async_trait only for dynamic dispatch scenarios.

���Use #[async_trait(?Send)]: Reduce unnecessary Send bounds for non-threadsafe

methods .�4� �6�

Alternatives and Future Directions

Native async fn in Traits �Rust 1.75��

No dyn Trait Support: async fn traits cannot be used as trait objects .�7� �5� �8�

Complex Bounds: Explicit Send/Sync requirements for futures complicate generics .�3� �5�

real_async_trait �Experimental)
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// ❌ Error  
trait MyTrait {  
    async fn f() {}  
}  

// ✅ Fix with async_trait  
#[async_trait]  
trait MyTrait {  
    async fn f() {}  
}  

// ❌ Error  
trait SourceNew {  
    async fn get_async(&amp;self); // Cannot be dyn Trait  
}  

// ✅ Fix with async_trait  
#[async_trait]  
trait SourceNew {  
    async fn get_async(&amp;self);  
}  

Note: All impl blocks must use #[async_trait] for trait objects .

async_trait remains a critical tool for bridging async/await and trait-based polymorphism in

Rust. While native async fn support has improved, async_trait continues to address dynamic

dispatch limitations with minimal overhead. For most applications, its benefits far outweigh the

performance trade-offs.

Recommendations:

By mastering async_trait, developers can effectively leverage async/await in trait-based

architectures while adhering to Rustʼs performance and safety principles.

⁂

Troubleshooting Common Errors

E0706� async fn in Traits

E0038� Non-Object-Safe Traits
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Conclusion

���Prefer Native async fn: For static dispatch.

���Use async_trait for dyn Trait: When dynamic polymorphism is required.

���Benchmark Critical Paths: Optimize allocations in latency-sensitive code .�6� �5�

���https://docs.rs/async-trait

https://docs.rs/async-trait


���https://teaclave.apache.org/api-docs/crates-enclave/async_trait/

���https://smallcultfollowing.com/babysteps/blog/2019/10/26/async-fn-in-traits-are-hard/

���https://docs.rs/async-trait-sync

���https://google.github.io/comprehensive-rust/concurrency/async-pitfalls/async-traits.html

���https://users.rust-lang.org/t/async-trait-crate-really-have-overhead/94274

���https://users.rust-lang.org/t/async-trait-wouldnt-compile-without-async-trait-crate/117328

���https://stackoverflow.com/questions/77318891/migrating-async-trait-with-box-to-the-new-async-fn-in

-trait-feature

���https://docs.rs/real-async-trait/
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