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[bookmark: _Toc198250274]Introduction
Web service applications are a key part of delivering modern, data-driven experiences. REST APIs have been the go-to approach for managing communication between client and server for years. But the way REST handles data can be a bit limiting it often leads to over-fetching, under-fetching, or needing multiple requests just to piece together what the client actually needs. To tackle these issues, Facebook came up with GraphQL in 2012 and became open-source in 2015. GraphQL offers a different way of thinking about APIs, giving clients more control over the data they receive. In this essay, I’ll look at how GraphQL works, where it shines in web service development, how it compares with REST, and provide some real-world examples to show what it can do.
[bookmark: _Toc198250275]What is GraphQL?
GraphQL is an open-source query language and runtime that gives clients the ability to specify exactly what data they need and how they want it structured [1]. Unlike traditional RESTful APIs, which often involve handling multiple endpoints and working around rigid, predefined responses, GraphQL simplifies things by offering a single endpoint. From there, clients can query across related data in a much more flexible way. This means instead of overloading the client with unnecessary data, or having to chain together several API calls just to build a complete view, GraphQL allows you to pull exactly what’s needed in one go. It’s particularly useful when working with complex or relational data, where things like nesting and linked resources are common.[2]. 

[bookmark: _Toc198250276]Advantages of GraphQL
[bookmark: _Toc198250277]Precise Data Fetching
A key advantage of GraphQL is its ability to only return the requested data from the client, reducing payload size and improving performance, which is especially beneficial to mobile and low-bandwidth environments. This differs from REST, where multiple endpoints are required and return fixed data structures, potentially including more data than necessary[1]. 
[bookmark: _Toc198250278]Reduced Over-fetching and Under-fetching
GraphQL queries are written to the specification required by the client, eliminating redundant data and reducing inefficiency. In contrast to REST, which frequently over-returns or under-returns data and requires additional endpoints to correct, or acceptance of the excess data [3]. 
[bookmark: _Toc198250279]Strong Typing and Introspection
Due to GraphQL APIs being strongly typed and its schema serving as a contract between client and server, by utilising tools such as GraphiQL allows developers to interactively explore queries, types and fields and provides real-time introspection[4]. 
[bookmark: _Toc198250280]Aggregation Across Services
GraphQL provides increased flexibility in its data retrieval by allowing data to be received from multiple sources and accessed via a single endpoint. This is highly beneficial to applications formed on a microservice architecture, where data may not be stored in a single database[1]. 
[bookmark: _Toc198250281]A Practical Scenario
[bookmark: _Toc198250282]Use Case: Online Car Dealership Application
Consider a web service for an online car dealership that allows clients to view cars, manufacturers, and body types. In a RESTful architecture, fetching a car with its manufacturer's details and body type may require multiple requests:
bash
GET /cars/123
GET /manufacturers/456
GET /cars/123/bodytypes

This becomes inefficient, particularly for mobile clients. With GraphQL, all relevant data can be fetched in one query:
graphql
query {
  car(id: "123") {
    model
    price
    manufactuer {
      name
      country
    }
    bodytype {
      name
    }
  }
}

The above query returns a concise, nested JSON structure with only the requested fields. The front-end doesn’t need to filter out irrelevant data or make additional API calls. This streamlined access drastically improves page load times and user experience.
[bookmark: _Toc198250283]Sample GraphQL Schema
graphql
type Car {
  id: ID!
  model: String!
  price: Float!
  manufactuer: Manufacturer!
  bodytype: [Bodytype!]!
}
 
type Manufacturer {
  id: ID!
  name: String!
  country: String
}
 
type Bodytype {
  id: ID!
  name: String!
}

type Query {
  car (id: ID!): Car
}

Here, the schema defines object types and their relationships, enabling clients to compose queries dynamically based on their needs.
[bookmark: _Toc198250284]Challenges and Considerations
[bookmark: _Toc198250285]Caching
In contrast to REST, utilising HTTP caching via GET requests, GraphQL relies on POST, which introduces complexity to caching and requires workarounds through custom solutions and persistent queries. However, due to its efficient use of CPU and memory, caching may not be as critical compared to a REST counterpart[5]. 
[bookmark: _Toc198250286]Security
Considerations must be made to ensure sensitive fields are not inadvertently exposed when using GraphQL due to its flexible endpoint. Developers must ensure proper access control and depth limiting of queries[6].
[bookmark: _Toc198250287]Performance tuning
The N+1 query problem is frequently encountered with GraphQL implementations when handling relational data. This is due to how resolvers operate and in the formation of resolver chains[7].
[bookmark: _Toc198250288]Conclusion
GraphQL represents a significant advancement in API design by shifting control to the client, allowing for flexible and efficient data retrieval. It addresses many limitations of REST, particularly issues like over-fetching and excessive endpoint proliferation. For applications that require dynamic data aggregation or need to operate across multiple services, GraphQL can greatly reduce complexity and enhance performance. However, adopting GraphQL also comes with challenges that developers must consider carefully, including caching, complexity, and security concerns. With increasing support and improved tooling, GraphQL is well-positioned to become a staple in modern web service architectures, especially where front-end performance and developer experience are top priorities
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Appendix
Video Demonstration of Practical Project  https://youtu.be/sSsKjMcAz70

