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1 Introduction

The prevalence of multi-core CPU architectures has fundamentally changed the way software should
be developed and deployed. In modern systems, it is imperative that applications leverage the power
of concurrency and parallelism to optimize performance, reduce latency, and handle the growing
complexity of workloads. Concurrent code that is memory and thread-safe is no longer an option, it
is a necessity.

This memo outlines the importance of concurrency in software development, the limitations of com-
monly used languages in achieving this, and the benefits of leveraging asynchronous programming
models within auto-scaled environments like AWS. Additionally, it explores the potential of utilizing
modern languages like Rust for building robust, scalable, and highly efficient software.

2 Concurrency in Modern Software Development

Multi-core CPUs allow multiple threads to execute simultaneously, enabling better performance and
faster execution of tasks. However, writing code that fully takes advantage of this requires careful
management of memory access, thread synchronization, and data sharing. Inadequate handling of
these aspects leads to race conditions, deadlocks, and performance bottlenecks. As a result, writing
memory- and thread-safe concurrent code has become crucial for modern applications.

To address these challenges, developers must adopt programming models that make concurrency
easier to implement correctly. Asynchronous programming is one such model, allowing tasks to be
executed concurrently without requiring the creation of multiple threads for each task.

3 Limitations of Commonly Used Languages
3.1 Java

1 Concurrency limitations: Java’s Thread andExecutorService frameworks provide concurrency
support, but managing thread pools and avoiding synchronization issues is complex and
error-prone .

2 Memory safety: Java’s reliance on a garbage-collected runtime introduces unpredictability
in memory management. This can lead to performance degradation in high-throughput
environments.

3 Async limitations: Java’s asynchronous APIs like CompletableFuture do not provide the same
level of thread safety as required for truly concurrent systems. Sending futures across threads
can result in race conditions if not handled carefully.

3.2 Go

1 Goroutines and channels: Go provides lightweight concurrency primitives, but its model of
concurrency (goroutines) does not naturally enforce memory safety across threads .

2 Lack of guarantees: There is no strict enforcement of thread safety , leaving developers to
manually implement locking and synchronization mechanisms. This increases the likelihood
of bugs such as data races.

Because of these limitations, the cost of operations due to bugs, inefficiencies, and resource waste
becomes high. Debugging concurrency related issues in production is both time consuming and
error prone.
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4 Asynchronous and Concurrent Code in Auto-scaled Environments

Rather than scaling vertically with threads and processes in a way that requires complex and error-
prone concurrencymanagement, amore efficient approach is to embrace asynchronous programming
in horizontally scaled environments like AWS using Horizontal Pod Autoscaling (HPA) .

1 Auto-scaling benefits: In a horizontally scaled architecture, the system can automatically add
or remove pods based on the workload. By ensuring the code is concurrent and asynchronous,
the same codebase can efficiently handle increasing loads without requiring constant manual
tuning or scaling interventions.

2 Single codebase for deployment: When using a modern language designed for safety and
concurrency (such as Rust), you can deploy the same code in every pod, each of which can
asynchronously handle tasks and futures. Since Rust ensures memory safety and provides
strict guarantees around thread safety, the code can be shared across threads without fear of
race conditions or undefined behavior.

5 Why Rust is Ideal for Concurrent Software

1 Rust stands out as amodern systems programming language that prioritizes memory safety ,
thread safety , and concurrency . Unlike Java and Go, Rust enforces strict rules at compile
time that eliminate entire classes of concurrency-related bugs .

2 Memory safety without garbage collection: Rust’s ownership system ensures that memory
is managed safely and efficiently, without the unpredictability of garbage collection. This
allows Rust to offer deterministic performance , making it ideal for high-performance, high-
throughput systems.

3 Thread safety by design: Rust’s type system and ownership model ensure that data races are
caught at compile time. The Send and Sync traits allow Rust to guarantee that futures
generated by asynchronous code can safely be sent across threads . This level of safety is
unmatched in Java and Gold .

4 Asynchronous programming model: Rust’s async/await syntax, combined with libraries like
tokio, allows developers to write highly efficient asynchronous code . This makes it possible
to handle large numbers of concurrent tasks without incurring the overhead of thread creation
and management.

5 Horizontal scaling with ease: Rust’s asynchronous nature means that code written in it can
easily be deployed in an auto-scaled environment like AWS HPA. With each pod running its
own instance of the async codebase, the system can effortlessly scale horizontally, handling
increasing loads while maintaining a consistent performance profile.

6 Performance Improvement

By using Rust’s memory-safe and thread-safe async model, software can achieve significant
performance gains. Asynchronous code avoids the overhead of thread creation and manage-
ment, allowing tasks to execute with minimal latency. This translates to:

1 Better CPU utilization: Multi-core systems can fully leverage concurrent task execution
without the bottlenecks of thread synchronization and context switching.

2 Improved throughput: Asynchronous code processes tasks faster, especially in I/O-
bound or network-bound operations, where traditional thread-based models would
block.
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3 Horizontally scaling across multiple pods allows for the efficient distribution of work-
load across instances, ensuring that performance scales linearly with demand.

7 Cost Reduction

Concurrency bugs, performance bottlenecks, and inefficient resource utilization can lead to
significant operational costs in production. Adopting a memory- and thread-safe language
like Rust, combined with asynchronous execution, can directly reduce these costs in several
ways:

1 Lower operational overhead: By eliminating common concurrency issues, Rust reduces
the need for manual debugging, error handling, and performance tuning , saving en-
gineering time and resources.

2 Efficient resource use: Rust’s zero-cost abstractions and deterministic memory
management ensure that applications use system resources such as memory and CPU
cycles efficiently. This leads to fewer pods being required to handle the same workload,
reducing infrastructure costs in auto-scaled environments like AWS.

3 Scalablewithout over-provisioning: With auto-scaling in place, you only pay for the ex-
act resources needed at any given time, and the efficient handling of asynchronous tasks
means the system can scale gracefully under load without requiring over-provisioning
of hardware.

8 Conclusion

To truly capitalize on the power of modern multi-core CPUs and deliver scalable, efficient
software, it is critical to adopt a concurrency model that is both memory and thread-safe. The
limitations of Java andGo highlight the need for amore robust solution, andmodern languages
like Rust provide the right tools to build concurrent software that scales seamlessly.

By using asynchronous Rust code in an auto-scaled environment such as AWS HPA, organi-
zations can maintain a single codebase while ensuring that futures are handled safely across
threads, reducing operational costs and complexity. This approach not only improves perfor-
mance but also significantly reduces the number of concurrency-related bugs, enabling more
reliable and maintainable software systems.
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