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Abstract:

The article explores the application of the Prototype pattern in Web APIs using C#. The Prototype allows
the creation of new objects from existing instances, avoiding the complexity and cost of creating from
scratch. The implementation includes the definition of an interface IProduct and classes that implement it,
demonstrating the cloning of products and categories. The use of this pattern offers benefits such as
increased performance, simplicity, and ease of maintenance.
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Exploring the Prototype Pattern in Web APIs using C#

The Prototype pattern is one of the creational design patterns that allows the creation of new objects from an existing
object, without the need to depend on concrete classes. This pattern is especially useful in scenarios where creating
new objects is complex or costly. In web API development, applying the Prototype pattern can help optimize the
creation of object instances that share common characteristics, facilitating code maintenance and scalability.

Why use the Prototype Pattern?
Using the Prototype pattern offers several advantages, such as:

Performance: Avoids the cost of creating new objects from scratch.
Flexibility: Allows the creation of new objects through prototype cloning.
Simplicity: Can simplify the code by allowing objects to be created uniformly.

These advantages make the Prototype pattern an attractive choice, especially in environments where performance
and resource efficiency are crucial, such as in applications dealing with large volumes of data or requests.

Implementing the Prototype in C#

To illustrate the implementation of the Prototype pattern in C#, let's create a simple API that manages a collection of
products. We will use ASP.NET Core to set up the APl and implement the Prototype pattern.

Defining the IProduct Interface
First, we will define an interface IProduct that will have a Clone method:

public interface |Product

{
| Product d one();
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}

Implementing the Product Class
Now, let's implement a Product class that represents a product and implements the IProduct interface:

public class Product : |Product

{
public string Name { get; set; }
public decimal Price { get; set; }

public I Product C one()

{
return new Product
{
Nanme = this. Nane,
Price = this.Price
1
}

}
Using ICloneable

It is possible to use the ICloneable interface, which is already designed for this kind of situation. However, it is
important to be aware that the interface does not define how cloning will be done. In the example below,
MemberwiseClone is being used.

public class Product : |1C oneable

{
public string Nanme { get; set; }
public decimal Price { get; set; }

public object done()
{

return Menmberw seCl one();

}
ProductController Controller

Now that we have our prototype implemented, we can create an API that utilizes this pattern. Let’s create a
ProductController controller:

[ Api Controller]
[ Route("api/[controller]")]
public class ProductController : ControllerBase

{

private readonly List _products;

public Product Controller()
{

_products = new Li st

{
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new Product { Name = "Product A", Price = 10.0m},
new Product { Name = "Product B", Price = 20.0m}
1
}
[Htt pGet]
public ActionResult> Get ()
{
return Ok(_products);
}

[Htt pPost ("clone/{id}")]
public ActionResult Cone(int id)
{

var product ToCl one = products.FirstODefault(p => p.1d

i f (productToC one == null)

{
return Not Found();

var cl onedProduct = (Product) product Tod one. C one();
_product s. Add( cl onedPr oduct ) ;

return Ok(cl onedProduct);

}
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In this controller, we have a Clone method that accepts a product ID, clones the corresponding product, and adds the

new product to the list.

Handling Objects with the Prototype Pattern

One of the main applications of the Prototype pattern is the manipulation of complex objects. Consider a scenario
where we have products with various properties and relationships. We can expand our implementation to include a

Category object, which has a list of products.

public class Category : |Category

{
public string Nanme { get; set; }
public List Products { get; set; }
public I Category C one()
{
return new Category
{
Nane = this. Nane,
Products = this.Products. Sel ect(p => (Product)p. C one()). ToLi st ()
1
}
}

In this example, when we clone a category, we also clone all the associated products. This ensures that we are not
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just referencing the same objects, but creating independent copies.

Complete Example of API with Prototype
Now, let's look at a complete example of an API that uses the Prototype pattern to manage products and categories.

[ Api Controller]
[ Route("api/[controller]")]
public class CategoryController : ControllerBase

{
private readonly List _categories;
public CategoryController()
{
_categories = new List();
}
[ Ht t pPost |
public ActionResult Create(Category category)
{
_categories. Add(cat egory);
return Ok(category);
}
[Htt pPost ("clone/{id}")]
public ActionResult C one(int id)
{
var categoryToClone = categories.FirstODefault(c => c.ld ==1id);
if (categoryToCl one == null)
{
return Not Found();
}
var cl onedCat egory = (Category)cat egoryToC one. C one();
_categories. Add(cl onedCat egory);
return Ok(cl onedCat egory);
}
}

In this controller, we have the ability to create and clone categories, using the Prototype pattern to ensure that the
cloned instances are independent.

Benefits of the Prototype Pattern in Web APIs
Applying the Prototype pattern in Web APIs brings a number of benefits, including:

Reduction of Complexity: By allowing objects to be cloned instead of created from scratch, the code becomes cleaner
and easier to understand.

Increased Performance: Cloning objects can be more efficient than creating new objects, especially when the
object construction is costly.

Ease of Maintenance: Centralized cloning logic makes it easier to maintain and update the object creation logic.
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Extending the Prototype Pattern

Although the above example already covers the fundamental concepts of the Prototype pattern, it is interesting to
explore how we can extend this implementation to handle more complex scenarios. For example, we can introduce a
configuration system where different types of products can have unique characteristics but still benefit from cloning.

Adding Dynamic Properties

Suppose we want to add the capability to set dynamic properties for our products. We can do this by using a
dictionary to store these properties.

public class Product : |Product

{
public string Nanme { get; set; }
public decinmal Price { get; set; }
public Dictionary Attributes { get; set; } = new Dictionary();

public | Product C one()

{
return new Product
{
Nane = this. Nane,
Price = this.Price,
Attributes = new Dictionary(this.Attributes)
}
}

}

In this way, when cloning a product, we also clone its dynamic properties, ensuring that each instance is unique.
Integration with Other APIs

Another important consideration when working with the Prototype pattern in Web APIs is how to integrate these
prototypes with other APIs. For instance, we could have a service that provides product data from an external system,
and when cloning a product, we might want to automatically fill some of its properties with data from that service.

Testing the Implementation

It is important to test the implementation of the Prototype pattern to ensure that cloning works as expected. Using unit
tests can help validate that cloned objects are truly independent and that their properties are being copied correctly.

using Xunit;

public class Product Tests

{
[ Fact]
public void O one_Shoul dCreat el ndependent | nst ance()
{
var origi nal Product = new Product
{
Nane = "Original Product”,
Price = 30.0m
Attributes = new Dictionary { { "Color", "Blue" } }
}
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var cl onedProduct = (Product)original Product.C one();

/1 Assert that the cloned product is not the sane instance

Assert. Not Sane(ori gi nal Product, cl onedProduct);

/'l Assert that the properties are copied correctly

Assert . Equal (origi nal Product. Nane, cl onedProduct. Nane);

Assert. Equal (origi nal Product. Price, clonedProduct.Price);

/1 Assert that the attributes are al so i ndependent

Assert. Not Sanme(ori gi nal Product. Attri butes, clonedProduct.Attributes);

}

This test ensures that cloning is functioning correctly and that cloned instances are truly independent of the originals.

Performance Considerations

While the Prototype pattern can improve performance in object creation, it is important to consider that cloning
complex objects can still be a costly process, depending on the depth and complexity of the objects being cloned.
Therefore, it is essential to monitor performance and optimize the implementation as necessary.

Conclusion

The Prototype pattern provides an effective way to manage object creation in software applications, especially in web
API environments. It not only simplifies object creation but also enhances performance and facilitates code
maintenance. By applying this pattern, developers can create more efficient and scalable systems that respond
quickly to user needs.
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