
Making Embedded Systems Design Patterns
for Great Software: A Comprehensive Guide
Embedded systems are ubiquitous in our modern world, found in
everything from smartphones to self-driving cars. These systems are
responsible for controlling the physical world around us, and their reliability
and performance are critical. Design patterns are a valuable tool for
embedded systems developers, providing a way to reuse proven solutions
and improve code quality.

In this article, we will explore the world of embedded systems design
patterns. We will discuss what design patterns are, why they are important,
and how to use them effectively. We will also provide a comprehensive
catalog of design patterns that are commonly used in embedded systems
development.

Design patterns are general solutions to commonly recurring problems in
software development. They provide a way to reuse proven solutions and
improve code quality. Design patterns are not specific to any particular
programming language or platform, and they can be applied to any type of
software development project.
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In embedded systems development, design patterns are particularly useful
for addressing the unique challenges of this domain. Embedded systems
are often constrained by factors such as memory, processing power, and
power consumption. Design patterns can help developers to optimize their
code for these constraints while also ensuring reliability and performance.

There are many benefits to using design patterns in embedded systems
development. Some of the most important benefits include:

Improved code quality: Design patterns help developers to write
clean, maintainable, and reusable code. By following established
patterns, developers can avoid common pitfalls and ensure that their
code is well-structured and easy to understand.

Increased productivity: Design patterns can help developers to save
time and effort by providing proven solutions to common problems. By
leveraging design patterns, developers can focus on the unique
aspects of their project, rather than reinventing the wheel.

Reduced risk: Design patterns can help developers to reduce the risk
of errors in their code. By using proven solutions, developers can avoid
common pitfalls and ensure that their code is reliable and robust.

Improved communication: Design patterns provide a common
language for developers to discuss and understand software design.
By using design patterns, developers can more easily share ideas and
collaborate on complex projects.
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To use design patterns effectively, it is important to understand the following
principles:

Use the right pattern for the job: There are many different design
patterns available, and it is important to choose the right pattern for the
job. The best way to do this is to understand the problem you are
trying to solve and the constraints of your embedded system.

Don't overcomplicate things: Design patterns are not a silver bullet.
They should be used judiciously to solve real problems. Avoid using
design patterns for the sake of using them.

Document your design: It is important to document your design
decisions, including the design patterns you used and the reasons why
you used them. This will help other developers to understand your
code and maintain it in the future.

The following is a catalog of design patterns that are commonly used in
embedded systems development:

Abstract Factory: Provides an interface for creating families of related
objects without specifying their concrete classes.

Builder: Separates the construction of a complex object from its
representation so that the same construction process can create
different representations.

Factory Method: Defines an interface for creating an object, but lets
subclasses decide which class to instantiate.

Prototype: Specifies the kind of objects to create using a prototypical
instance, and creates new objects by copying this prototype.



Singleton: Ensures that a class has only one instance and provides a
global point of access to that instance.

Adapter: Converts the interface of a class into another interface that
clients expect.

Bridge: Decouples an abstraction from its implementation so that the
two can vary independently.

Composite: Composes objects into tree structures to represent part-
whole hierarchies.

Decorator: Attaches additional responsibilities to an object
dynamically.

Facade: Provides a unified interface to a set of interfaces in a
subsystem.

Flyweight: Reduces the number of objects created by sharing
common objects instead of creating new ones.

Proxy: Provides a surrogate or placeholder for another object to
control access to it.

Chain of Responsibility: Allows a set of objects to handle requests in
sequence until one of them handles the request or all of them have
failed.

Command: Encapsulates a request as an object so that it can be
parameterized, queued, logged, or undone.

Interpreter: Defines a grammar for interpreting a language and
provides an interpreter to execute the grammar.



Iterator: Provides a way to access the elements of an aggregate
object sequentially without exposing its underlying representation.

Mediator: Defines an object that encapsulates how a set of objects
interact.

Observer: Defines a one-to-many dependency between objects so
that when one object changes state, all its dependents are notified and
updated automatically.

State: Allows an object to alter its behavior when its internal state
changes.

Strategy: Defines a family of algorithms, encapsulates each one and
makes them interchangeable. Strategy lets the algorithm vary
independently from clients that use it.

Template Method: Defines the skeleton of an algorithm in a method,
deferring some steps to subclasses. The template method lets
subclasses redefine certain steps of an algorithm without changing the
algorithm's structure.

Visitor: Allows an object to perform operations on the elements of an
object structure without changing the structure itself.

Design patterns are a valuable tool for embedded systems developers. By
understanding and using design patterns, developers can improve the
quality, productivity, and reliability of their code. The catalog of design
patterns provided in this article is a starting point for embedded systems
developers who want to learn more about this topic.
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