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ABSTRACT:  

The article provides a comprehensive overview of the API Gateway architecture, a crucial 

component in managing, routing, and securing API requests between clients and backend services. 

It delves into the functionalities of an API Gateway, including authentication, authorization, rate 

limiting, caching, request transformation, and more. The article also explores various deployment 

patterns, flow patterns, and API types, providing use cases and detailed explanations for each. It 

discusses popular API Gateway solutions like Amazon API Gateway, Kong, Apigee, NGINX, and 

Tyk, and elaborates on different deployment patterns such as monolithic deployment, microservices 

architecture, serverless architecture, and containerization. Additionally, the article examines flow 

patterns like request-response, publish-subscribe, and batch processing, and analyzes the ingress and 

egress flow of API requests. It also provides insights into rate limiting strategies, response handling, 

and considerations for rate limiting. Finally, the article categorizes API types into Web APIs, 

RESTful APIs, SOAP APIs, and GraphQL APIs, providing a thorough understanding of each. This 

article serves as a valuable resource for developers, architects, and IT professionals looking to 

enhance their knowledge of API Gateway architecture, its functionalities, deployment patterns, flow 

patterns, and API types. 
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Introduction 
The rapid evolution of technology and the increasing reliance on digital platforms have led to the 

development of various tools and architectures to manage and secure digital transactions. One such 

critical component in the digital infrastructure is the API Gateway. The API Gateway serves as a 

robust and secure entry point that manages API requests between clients and backend services. It 

plays a crucial role in ensuring that API requests are routed correctly, authenticated, authorized, and 

processed efficiently. This introduction aims to provide a brief overview of the API Gateway 

architecture, its functionalities, and its importance in the digital ecosystem. 

1.1 Overview of API Gateway Architecture 

The API Gateway architecture is a server that acts as an API front-end, receiving API requests, 

enforcing throttling and security policies, passing requests to the back-end service, and then passing 

the response back to the requester. It acts as a reverse proxy to accept all application programming 

interface (API) calls, aggregate the various services required to fulfill them, and return the 

appropriate result. Essentially, the API Gateway sits between the client applications and the backend 

services, acting as a reverse proxy for all API requests. It provides a centralized entry point for all 

client applications to access the backend services. This centralized approach helps in managing, 

monitoring, and securing the API traffic between the clients and the backend services. 

Key functionalities of an API Gateway: 

Routing and Dispatching: It routes the API requests from the client applications to the 
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appropriate backend services. 

Authentication and Authorization: It verifies the identity of the client applications and checks 

whether the client application has the necessary permissions to access the requested resources. 

Request Transformation: It transforms the API requests from the client applications to match the 

requirements of the backend services. 

Response Aggregation: It aggregates the responses from multiple backend services into a single 

response to be sent back to the client application. 

Rate Limiting and Throttling: It controls the rate at which API requests are processed to prevent 

overloading the backend services. 

Caching: It caches the responses from the backend services to improve the response time for 

subsequent requests. 

Logging and Monitoring: It logs the API requests and responses and monitors the API traffic to 

identify any potential issues. 

By providing these functionalities, the API Gateway helps in improving the performance, security, 

and manageability of the API traffic between the client applications and the backend services. It 

plays a crucial role in the modern digital infrastructure, enabling organizations to manage and 

secure their API traffic efficiently and effectively. 

2. API Gateway Architecture 

The API Gateway architecture is a crucial component in managing the interaction between client 

applications and backend services. It is designed to handle API traffic and provide essential 

functionalities such as routing, authentication, request transformation, and response aggregation. 

This section will delve into the details of the API Gateway architecture and its key components. 

2.1. API Gateway Server 

The API Gateway server is the core component of the API Gateway architecture. It is responsible for 

receiving API requests from client applications, processing them, and forwarding them to the 

appropriate backend services. The server also handles the responses from the backend services and 

forwards them back to the client applications. The API Gateway server is typically deployed as a 

reverse proxy server that sits between the client applications and the backend services. It acts as a 

single-entry point for all API requests, making it easier to manage, monitor, and secure the API 

traffic. 

2.2. Routing and Dispatching 

Routing and dispatching are essential functionalities of the API Gateway. The API Gateway 

receives API requests from client applications and routes them to the appropriate backend services 

based on the request URL, method, and parameters. The routing functionality is usually 

implemented using a routing table that maps the API request paths to the corresponding backend 

services. The dispatching functionality involves forwarding the API requests to the backend 

services and forwarding the responses back to the client applications. The API Gateway may also 

perform load balancing by distributing the API requests across multiple instances of the backend 

services to ensure optimal performance and availability. 

2.3. Authentication and Authorization 

Authentication and authorization are critical security functionalities provided by the API Gateway. 

Authentication involves verifying the identity of the client applications sending the API requests. 

This is usually done by checking the API key, token, or credentials provided in the API request. 

Authorization involves checking whether the authenticated client application has the necessary 

permissions to access the requested resources. This is usually done by checking the roles, 

permissions, or access levels associated with the client application. The API Gateway may also 
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integrate with external identity providers or authorization servers to perform authentication and 

authorization. 

2.4. Request Transformation 

Request transformation is another important functionality provided by the API Gateway. It involves 

transforming the API requests from the client applications to match the requirements of the backend 

services. This may involve modifying the request headers, parameters, or body. For example, the 

API Gateway may add, remove, or modify the request headers to include additional information 

required by the backend services. It may also transform the request body from one format to 

another, such as from JSON to XML or vice versa. The request transformation functionality helps in 

ensuring that the API requests are compatible with the backend services and can be processed 

correctly. 

2.5. Response Aggregation 

Response aggregation is a functionality provided by the API Gateway to aggregate the responses 

from multiple backend services into a single response to be sent back to the client application. This is 

particularly useful in a microservices architecture where a single API request may involve calling 

multiple backend services. The API Gateway receives the responses from the backend services, 

aggregates them into a single response, and forwards it back to the client application. This may 

involve combining the response bodies, headers, or status codes from multiple responses. The 

response aggregation functionality helps in simplifying the client application logic by providing a 

single response for each API request. 

In conclusion, the API Gateway architecture plays a crucial role in managing, securing, and 

optimizing the API traffic between client applications and backend services. It provides essential 

functionalities such as routing and dispatching, authentication and authorization, request 

transformation, and response aggregation. By implementing an API Gateway, organizations can 

ensure optimal performance, security, and manageability of their API traffic, ultimately leading to 

better user experiences and more efficient operations. 

2.6. Rate Limiting and Throttling 

Rate limiting and throttling are essential functionalities of the API Gateway to control the rate at 

which API requests are processed. Rate limiting involves setting a limit on the number of API 

requests that a client application can make in a specific time period. Throttling involves controlling the 

rate at which API requests are processed by the backend services. This is usually done by delaying 

the processing of API requests once a certain threshold is reached. Both rate limiting and throttling 

help in preventing overloading of the backend services and ensuring optimal performance and 

availability. The API Gateway may implement rate limiting and throttling based on various 

parameters such as the client application, IP address, API endpoint, or request method. It may also 

provide different rate limits for different tiers of client applications, such as free, premium, or 

enterprise tiers. 

2.7. Caching 

Caching is another important functionality provided by the API Gateway to improve the response 

time for API requests. It involves storing the responses from the backend services in a cache and 

serving them directly from the cache for subsequent requests. This helps in reducing the load on the 

backend services and improving the response time for the client applications. The API Gateway may 

implement caching based on various parameters such as the request URL, parameters, or headers. It 

may also provide cache invalidation mechanisms to ensure that the cached responses are up-to-date 

and consistent with the backend services. 

2.8. Logging and Monitoring 
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Logging and monitoring are essential functionalities of the API Gateway to track the API traffic and 

identify any potential issues. Logging involves recording the API requests and responses, along 

with relevant metadata such as the client application, IP address, request method, response status, 

and processing time. Monitoring involves analyzing the logged data to identify patterns, trends, and 

anomalies in the API traffic. This may involve tracking metrics such as the number of API requests, 

response times, error rates, and usage patterns. The API Gateway may provide built-in logging and 

monitoring capabilities or integrate with external logging and monitoring tools. 

2.9. Load Balancing 

Load balancing is a functionality provided by the API Gateway to distribute the API requests across 

multiple instances of the backend services. This helps in ensuring optimal performance and 

availability of the backend services. The API Gateway may implement load balancing using various 

algorithms such as round-robin, least connections, or IP hash. It may also provide health checks to 

monitor the status of the backend services and remove unhealthy instances from the load balancing 

pool. 

2.10. Security and SSL Termination 

Security is a critical functionality of the API Gateway to protect the API traffic from unauthorized 

access, attacks, and vulnerabilities. This involves implementing various security measures such as 

authentication, authorization, rate limiting, and input validation. SSL termination is a specific 

security functionality provided by the API Gateway to terminate the SSL/TLS connections from the 

client applications. This involves decrypting the SSL/TLS traffic at the API Gateway and 

forwarding it to the backend services over a secure connection. This helps in offloading the 

SSL/TLS decryption from the backend services and improving their performance. 

2.11. Scalability and Redundancy 

Scalability and redundancy are essential functionalities of the API Gateway to ensure that the API 

traffic can be handled efficiently and reliably. Scalability involves the ability of the API Gateway to 

handle an increasing volume of API traffic by adding more resources or instances. Redundancy 

involves the ability of the API Gateway to continue functioning even if one or more instances or 

components fail. This may involve deploying multiple instances of the API Gateway in a cluster or 

using a high-availability configuration. 

2.12. API Documentation and Discovery 

API documentation and discovery are important functionalities of the API Gateway to provide 

information about the available APIs and their usage. API documentation involves providing 

detailed information about the API endpoints, methods, parameters, and responses. API discovery 

involves providing mechanisms for the client applications to discover the available APIs and their 

endpoints. The API Gateway may provide built-in API documentation and discovery capabilities or 

integrate with external API documentation and discovery tools. 

2.13. Popular API Gateway Solutions 

There are several popular API Gateway solutions available in the market, each with its own set of 

features, functionalities, and benefits. Some of the popular API Gateway solutions include: Amazon 

API Gateway: A fully managed API Gateway service provided by Amazon Web Services (AWS). It 

provides functionalities such as routing, authentication, rate limiting, caching, logging, and 

monitoring. 

Kong: An open-source API Gateway and Microservices Management Layer. It provides 

functionalities such as routing, authentication, rate limiting, caching, logging, and monitoring. 

Apigee: A comprehensive API management platform provided by Google Cloud. It provides 

functionalities such as routing, authentication, rate limiting, caching, logging, monitoring, and 
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analytics. 

NGINX: A popular web server, reverse proxy, and load balancer that can also be used as an API 

Gateway. It provides functionalities such as routing, authentication, rate limiting, caching, logging, 

and monitoring [30]. 

Tyk: An open-source API Gateway and API management platform. It provides functionalities such as 

routing, authentication, rate limiting, caching, logging, monitoring, and analytics. 

In conclusion, the API Gateway architecture plays a crucial role in managing, securing, and 

optimizing the API traffic between client applications and backend services. It provides essential 

functionalities such as routing and dispatching, authentication and authorization, request 

transformation, response aggregation, rate limiting and throttling, caching, logging and monitoring, 

load balancing, security and SSL termination, scalability and redundancy, API documentation and 

discovery, and more. By implementing an API Gateway, organizations can ensure optimal 

performance, security, and manageability of their API traffic, ultimately leading to better user 

experiences and more efficient operations. 

3. Deployment Patterns 
Deployment patterns are strategies used to configure and deploy applications and services in a 

computing environment. These patterns are essential for managing the deployment process, 

ensuring application availability, and facilitating updates and rollbacks. This section will discuss 

various deployment patterns, including monolithic deployment, microservices architecture, 

serverless architecture, containerization, immutable infrastructure, and blue-green deployment. 

3.1. Monolithic Deployment 

In a monolithic deployment, the entire application is packaged and deployed as a single unit. All the 

application components, such as the user interface, business logic, and database access, are bundled 

together and deployed on a single server or a set of identical servers. This deployment pattern is 

straightforward and easy to manage, as there is only one deployment unit to configure, deploy, and 

monitor. However, it has several drawbacks, such as limited scalability, longer deployment times, 

and increased risk of failure during updates and rollbacks. 

3.2. Microservices Architecture 

In a microservices architecture, the application is decomposed into a set of loosely coupled, 

independently deployable services. Each service is responsible for a specific piece of functionality 

and can be developed, deployed, and scaled independently. The services communicate with each 

other over a network, usually using HTTP or a message queue. This deployment pattern provides 

several benefits, such as improved scalability, faster deployment times, and reduced risk of failure 

during updates and rollbacks. However, it also introduces additional complexity in terms of service 

discovery, inter-service communication, and distributed data management. 

3.3. Serverless Architecture 

In a serverless architecture, the application is composed of a set of stateless functions that are 

executed in response to events. The functions are managed by a serverless computing platform that 

automatically scales the execution of the functions based on the incoming traffic. The serverless 

platform also takes care of the infrastructure management, such as provisioning, scaling, and 

monitoring. This deployment pattern provides several benefits, such as reduced operational 

overhead, improved scalability, and faster deployment times. However, it also introduces additional 

complexity in terms of state management, cold starts, and vendor lock-in. 

3.4. Containerization 

Containerization involves packaging the application and its dependencies into a container image 

that can be deployed and run on any host with a container runtime. The container runtime provides 
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process isolation, resource management, and networking capabilities to the containerized 

applications. This deployment pattern provides several benefits, such as improved portability, faster 

deployment times, and reduced risk of failure during updates and rollbacks. However, it also 

introduces additional complexity in terms of container orchestration, networking, and security. 

3.5. Immutable Infrastructure 

Immutable infrastructure involves creating and deploying fixed, unchangeable infrastructure 

components, such as virtual machines, containers, or serverless functions. Once deployed, the 

infrastructure components are never modified. Instead, any changes are made by creating new 

versions of the components and replacing the old ones. This deployment pattern provides several 

benefits, such as improved consistency, reduced risk of configuration drift, and faster deployment 

times. However, it also introduces additional complexity in terms of infrastructure provisioning, 

configuration management, and deployment automation. 

3.6. Blue-Green Deployment 

In a blue-green deployment, two identical environments, blue and green, are created. One 

environment, say blue, is the active environment serving all the traffic, while the other environment, 

green, is idle. When a new version of the application is ready to be deployed, it is deployed to the 

idle environment, green. Once the deployment is complete and the new version is tested and 

verified, the traffic is switched from the blue environment to the green environment. This 

deployment pattern provides several benefits, such as zero downtime deployments, reduced risk of 

failure during updates and rollbacks, and the ability to quickly switch back to the old version in case of 

problems. However, it also introduces additional complexity in terms of environment provisioning, 

configuration management, and traffic routing. 

In conclusion, various deployment patterns can be used to deploy applications and services in a 

computing environment. Each deployment pattern has its own set of benefits and drawbacks, and the 

choice of deployment pattern depends on various factors such as the application architecture, the 

deployment environment, and the operational requirements. By understanding and applying the 

appropriate deployment patterns, organizations can ensure optimal performance, availability, and 

manageability of their applications and services. 

3.7. Canary Deployment 

Canary deployment is a strategy used to reduce the risk of introducing a new software version in 

production by slowly rolling out the change to a small subset of users before rolling it out to the 

entire infrastructure and making it available to everybody. The name comes from the canary in the  

coal mine concept, where canaries were used in coal mines to detect carbon monoxide. Similarly, in 

software deployment, a small, safe, 'canary' release is done to check for any issues before the full 

release. 

In a canary deployment, the new version of the application is gradually deployed to a small subset of 

nodes, and the traffic is routed to both the old and new versions of the application. The performance 

and error rates of the new version are closely monitored. If the new version performs well and does 

not cause any issues, it is gradually rolled out to more nodes until it is fully deployed. If the new 

version causes any issues, it can be quickly rolled back, and the traffic can be routed back to the old 

version. 

3.8. Feature Flags/Toggles 

Feature flags, or feature toggles, are a technique used to enable or disable features of an application at 

runtime without changing the code. Feature flags provide a way to manage the features of an 

application, enabling the developers to turn features on or off for different users, environments, or 

situations. This allows for testing features in production without making them visible to all users, 
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performing A/B testing, and gradually rolling out features to a subset of users. 

Feature flags can be implemented at various levels of the application, such as the user interface, the 

business logic, or the data access layer. They can be controlled through configuration files, 

environment variables, or a feature management system. Feature flags provide several benefits, 

such as faster development cycles, reduced risk of failure, and the ability to quickly enable or 

disable features in response to issues or feedback. 

3.9. Multi-Region Deployment 

Multi-region deployment involves deploying an application across multiple geographical regions to 

improve its availability, performance, and resilience. This deployment pattern is commonly used for 

applications that have a global user base and need to provide low latency access to users in different 

parts of the world. 

In a multi-region deployment, the application is deployed in multiple regions, and the traffic is 

routed to the nearest region based on the user's location. This helps in reducing the latency and 

improving the response time for the users. The application data is replicated across the regions to 

ensure consistency and availability. In case of a failure in one region, the traffic can be routed to 

another region to ensure continued availability of the application. 

3.10. Hybrid Cloud Deployment 

Hybrid cloud deployment involves deploying an application across both on-premises data centers 

and public cloud providers. This deployment pattern is commonly used for applications that have 

strict security or compliance requirements and need to keep some data or services on-premises 

while leveraging the scalability and flexibility of the public cloud for other parts of the application. 

In a hybrid cloud deployment, the application is deployed on both on-premises and public cloud 

infrastructure, and the traffic is routed based on the location of the data or services. The on- 

premises and public cloud infrastructure are connected through a secure network connection, and the 

data is synchronized between them to ensure consistency and availability. 

3.11. Use Cases for Deployment Patterns 

Different deployment patterns are suitable for different use cases, and the choice of deployment 

pattern depends on various factors such as the application architecture, the deployment 

environment, and the operational requirements. Here are some common use cases for different 

deployment patterns: 

Monolithic Deployment: Suitable for small to medium-sized applications with a relatively stable 

feature set and low to moderate traffic volume. 

Microservices Architecture: Suitable for large, complex applications with a rapidly evolving feature 

set and high traffic volume. 

Serverless Architecture: Suitable for event-driven applications with variable traffic patterns and a 

focus on operational efficiency. 

Containerization: Suitable for applications that need to run on multiple platforms and environments 

with minimal changes.  

Immutable Infrastructure: Suitable for applications that require a high level of consistency and 

reliability across deployments. 

Blue-Green Deployment: Suitable for applications that require zero downtime deployments and the 

ability to quickly rollback changes. 

Canary Deployment: Suitable for applications that need to test new features or changes in 

production with a subset of users before rolling them out to everyone. 

Feature Flags/Toggles: Suitable for applications that need to manage features at runtime without 

changing the code. 
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Multi-Region Deployment: Suitable for applications with a global user base that need to provide low 

latency access to users in different parts of the world. 

Hybrid Cloud Deployment: Suitable for applications with strict security or compliance requirements 

that need to keep some data or services on-premises while leveraging the public cloud for other 

parts of the application. 

In conclusion, various deployment patterns can be used to deploy applications and services in a 

computing environment. Each deployment pattern has its own set of benefits and drawbacks, and the 

choice of deployment pattern depends on the application architecture, the deployment environment, 

and the operational requirements. By understanding and applying the appropriate deployment 

patterns, organizations can ensure optimal performance, availability, and manageability of their 

applications and services. 

4. Flow Patterns 
Flow patterns describe the movement of data and control between different components of a 

system. These patterns are essential for designing and implementing the interactions between 

different parts of an application or between different applications. This section will discuss various 

flow patterns, including the request-response pattern, publish-subscribe (pub/sub) pattern, batch 

processing pattern, pipeline pattern, choreography pattern, and orchestration pattern. 

4.1. Request-Response Pattern 

The request-response pattern is the most common flow pattern used in distributed systems. In this 

pattern, a client sends a request to a server, the server processes the request and sends a response 

back to the client. The client then processes the response. This pattern is commonly used in HTTP- 

based web applications, where the browser sends a request to the web server, and the server sends a 

response back to the browser. The request-response pattern is simple and easy to understand. 

However, it has some drawbacks, such as the need for the client to wait for the response before it 

can send another request, and the potential for high latency if the server takes a long time to process the 

request. 

4.2. Publish-Subscribe (Pub/Sub) Pattern 

The publish-subscribe (pub/sub) pattern is a messaging pattern where the senders (publishers) send 

messages to a central broker or message queue, and the receivers (subscribers) subscribe to the 

messages they are interested in. The broker or message queue then delivers the messages to the 

appropriate subscribers. This pattern is commonly used in event-driven systems, where different 

components need to be notified of events that occur in other parts of the system. The pub/sub 

pattern decouples the publishers from the subscribers, allowing them to evolve independently. It 

also allows for scalable and flexible communication between different parts of a system. However, it 

introduces additional complexity in terms of message routing, filtering, and processing. 

4.3. Batch Processing Pattern 

The batch processing pattern involves processing data in batches rather than in real-time. The data is 

collected over a period of time and then processed all at once. This pattern is commonly used in 

scenarios where real-time processing is not required, and it is more efficient to process the data in 

batches. For example, processing daily sales transactions, generating reports, or updating inventory 

levels. The batch processing pattern can be more efficient than real-time processing in terms of 

resource utilization and throughput. However, it may introduce latency as the data is not processed 

immediately. 

4.4. Pipeline Pattern 

The pipeline pattern involves processing data in a series of stages, where each stage performs a 

specific operation on the data and passes it on to the next stage. This pattern is commonly used in 
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scenarios where the data needs to be transformed or processed in multiple steps. For example, 

processing a video file involves multiple stages such as decoding, filtering, encoding, and 

packaging. 

The pipeline pattern allows for parallel processing of different stages, improving the throughput and 

efficiency of the system. However, it introduces additional complexity in terms of data 

synchronization and error handling. 

4.5. Choreography Pattern 

The choreography pattern involves coordinating the interactions between different components of a 

system without a central controller. Each component knows its own role and responsibilities and 

interacts with other components as needed. This pattern is commonly used in decentralized systems, 

where there is no central authority or controller. The choreography pattern allows for more flexible 

and scalable interactions between different components of a system. However, it introduces 

additional complexity in terms of coordination, synchronization, and error handling. 

4.6. Orchestration Pattern 

The orchestration pattern involves a central controller or orchestrator that coordinates the 

interactions between different components of a system. The orchestrator knows the roles and 

responsibilities of each component and directs them to perform their tasks. This pattern is 

commonly used in centralized systems, where there is a need for centralized control and 

coordination. The orchestration pattern allows for more controlled and coordinated interactions 

between different components of a system. However, it introduces a single point of failure and may 

limit the scalability and flexibility of the system. In conclusion, various flow patterns can be used to 

design and implement the interactions between different components of a system or between 

different systems. Each flow pattern has its own set of benefits and drawbacks, and the choice of 

flow pattern depends on various factors such as the application architecture, the deployment 

environment, and the operational requirements. By understanding and applying the appropriate flow 

patterns, organizations can ensure optimal performance, scalability, and manageability of their 

systems. 

4.7. Fan-Out/Fan-In Pattern 

The fan-out/fan-in pattern involves distributing a single task to multiple workers (fan-out) and then 

aggregating the results from the workers into a single result (fan-in). This pattern is commonly used 

in scenarios where a task can be parallelized and processed by multiple workers simultaneously. 

For example, processing a large dataset can be divided into smaller chunks, each processed by a 

separate worker, and then the results are aggregated into a final result. The fan- out/fan-in pattern 

allows for parallel processing of tasks, improving the throughput and efficiency of the system. 

However, it introduces additional complexity in terms of task distribution, result aggregation, and 

error handling. 

4.8. Circuit Breaker Pattern 

The circuit breaker pattern involves monitoring the interactions between different components of a 

system and detecting failures or anomalies. When a failure is detected, the circuit breaker trips and 

stops the interactions to prevent further failures and cascading effects. After a predefined timeout, 

the circuit breaker resets and allows the interactions to resume. This pattern is commonly used in 

distributed systems to prevent failures from propagating across the system and causing widespread 

outages. 

The circuit breaker pattern allows for more resilient and fault-tolerant systems by preventing 

failures from propagating and causing cascading effects. However, it introduces additional 

complexity in terms of failure detection, state management, and recovery. 
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4.9. Retry Pattern 

The retry pattern involves retrying an operation that has failed due to transient failures or 

exceptions. The operation is retried a predefined number of times with a delay between each retry. If 

the operation still fails after the maximum number of retries, an error is returned. This pattern is 

commonly used in scenarios where transient failures are common, and retrying the operation has a 

high chance of success. For example, network operations may fail due to temporary network 

issues, and retrying the operation may succeed. The retry pattern allows for more resilient and fault-

tolerant systems by handling transient failures and exceptions. However, it may introduce additional 

latency as the operation is retried multiple times. 

4.10. Saga Pattern 

The saga pattern involves coordinating a series of local transactions across multiple services or 

components of a system. Each local transaction updates the state of a service or component and 

publishes an event. The other services or components subscribe to the events and perform their local 

transactions. If any local transaction fails, the saga orchestrates a series of compensating 

transactions to undo the changes made by the previous transactions. This pattern is commonly used in 

distributed systems to ensure consistency across multiple services or components. The saga pattern 

allows for more consistent and reliable systems by coordinating local transactions across multiple 

services or components. However, it introduces additional complexity in terms of transaction 

management, event publishing, and compensating transactions. 

4.11. Gateway Pattern 

The gateway pattern involves using a gateway to encapsulate the interactions between different 

components of a system or between different systems. The gateway acts as a single-entry point for all 

interactions and provides functionalities such as routing, authentication, authorization, and 

request/response transformation. This pattern is commonly used in scenarios where there is a need for 

centralized control and management of interactions. The gateway pattern allows for more controlled 

and managed interactions between different components of a system or between different systems. 

However, it introduces a single point of failure and may limit the scalability and flexibility of the 

system. 

4.12. Proxy Pattern 

The proxy pattern involves using a proxy to act as an intermediary between a client and a server. 

The proxy intercepts the requests from the client, processes them, and forwards them to the server. It 

also intercepts the responses from the server, processes them, and forwards them to the client. The 

proxy can provide functionalities such as caching, logging, monitoring, and load balancing. This 

pattern is commonly used in scenarios where there is a need for additional functionalities or control 

over the interactions between the client and the server. 

The proxy pattern allows for more controlled and managed interactions between the client and the 

server by providing additional functionalities or control. However, it introduces additional latency as 

the requests and responses are processed by the proxy. In conclusion, various flow patterns can be 

used to design and implement the interactions between different components of a system or between 

different systems. Each flow pattern has its own set of benefits and drawbacks, and the choice of 

flow pattern depends on various factors such as the application architecture, the deployment 

environment, and the operational requirements. By understanding and applying the appropriate flow 

patterns, organizations can ensure optimal performance, scalability, and manageability of their 

systems. 

5. Ingress Flow 
Ingress flow in a Kubernetes cluster refers to the way external HTTP/S traffic is processed and 
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routed to the application services running inside the cluster. The main components involved in the 

ingress flow are the ingress controller and the ingress resource. These components work together to 

provide routing, load balancing, TLS termination, and other functionalities required to manage 

external traffic. 

5.1. Ingress Controller 

The ingress controller is a Kubernetes controller that manages the ingress resources in the cluster. It 

is responsible for reading the ingress resource configuration and implementing the rules defined in 

the configuration. The ingress controller typically runs as a pod inside the Kubernetes cluster and 

listens for changes to the ingress resources. When a change is detected, the ingress controller 

updates its configuration and the configuration of the underlying load balancer or proxy server. 

There are several different ingress controllers available for Kubernetes, each with its own set of 

features and capabilities. Some popular ingress controllers include the NGINX ingress controller, 

the Traefik ingress controller, and the AWS ALB ingress controller. 

5.2. Ingress Resource 

The ingress resource is a Kubernetes resource that defines the rules for routing external HTTP/S 

traffic to the application services running inside the cluster. The ingress resource is defined using a 

YAML file and is applied to the cluster using the kubectl command-line tool. The ingress resource 

configuration includes the following information: 

 The hostnames and paths that should be routed to the application services. 

 The service name and port that should receive the traffic for each hostname and path. 

 The TLS certificates that should be used for SSL/TLS termination. 

 Any additional annotations or configuration required by the ingress controller. 

5.3. Routing and Load Balancing 

Routing and load balancing are key functionalities provided by the ingress controller. The ingress 

controller reads the rules defined in the ingress resource and configures the underlying load 

balancer or proxy server to route the external traffic to the appropriate application services. The 

ingress controller also configures the load balancer or proxy server to distribute the traffic across 

multiple instances of the application services to ensure high availability and optimal performance. 

5.4. TLS Termination and Security 

TLS termination is the process of decrypting the SSL/TLS encrypted traffic at the ingress controller 

and forwarding the decrypted traffic to the application services. This offloads the SSL/TLS 

decryption from the application services and improves their performance. The ingress controller 

reads the TLS certificates defined in the ingress resource and configures the underlying load 

balancer or proxy server to use them for SSL/TLS termination. The ingress controller also provides 

additional security features such as HTTP to HTTPS redirection, IP whitelisting, and request and 

response header manipulation. 

5.5. Path-Based Routing 

Path-based routing is a routing method where the traffic is routed to different application services 

based on the path in the URL. For example, traffic with the path /app1 is routed to the app1 service, 

and traffic with the path /app2 is routed to the app2 service. The ingress resource defines the paths 

and the corresponding services that should receive the traffic.  

5.6. Host-Based Routing 

Host-based routing is a routing method where the traffic is routed to different application services 

based on the hostname in the URL. For example, traffic with the hostname app1.example.com is 

routed to the app1 service, and traffic with the hostname app2.example.com is routed to the app2 

service. The ingress resource defines the hostnames and the corresponding services that should 
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receive the traffic. In conclusion, the ingress flow in a Kubernetes cluster involves the ingress 

controller and the ingress resource working together to manage the external HTTP/S traffic. The 

ingress controller reads the configuration from the ingress resource and configures the underlying 

load balancer or proxy server to provide routing, load balancing, TLS termination, and other 

functionalities required to manage the external traffic. By understanding and configuring the ingress 

flow correctly, organizations can ensure optimal performance, security, and manageability of their 

applications running in a Kubernetes cluster. 

5.7. Rewriting and Redirection 

Rewriting involves modifying the URL path of a request before it is forwarded to the backend 

service. This is useful in scenarios where the external URL path does not match the internal URL 

path of the application service. For example, a request with the external path /api/v1 may need to be 

rewritten to /v1 before it is forwarded to the backend service. The ingress resource can be 

configured with rewrite rules to modify the URL path of the requests. Redirection involves sending an 

HTTP redirect response to the client to redirect it to a different URL. This is useful in scenarios 

where the application has been moved to a different URL or to enforce the use of HTTPS. The 

ingress resource can be configured with redirect rules to redirect the requests to a different URL. 

5.8. Authentication and Authorization 

Authentication involves verifying the identity of a user or system. Authorization involves verifying 

that the authenticated user or system has the necessary permissions to perform the requested action. 

The ingress controller can be configured to integrate with various authentication and authorization 

systems such as OAuth, JWT, and LDAP [66]. 

The ingress resource can be configured with annotations to specify the authentication and 

authorization requirements for each path. For example, a path may require JWT authentication and 

a specific role to access. The ingress controller reads the annotations and configures the underlying 

load balancer or proxy server to enforce the authentication and authorization requirements. 

5.9. Web Application Firewall (WAF) Integration 

A Web Application Firewall (WAF) is a security solution that filters and monitors HTTP traffic 

between a web application and the Internet. It protects the web application from various attacks 

such as SQL injection, cross-site scripting, and remote file inclusion. The ingress controller can be 

configured to integrate with a WAF to protect the application services from attacks. The ingress 

resource can be configured with annotations to specify the WAF rules that should be applied to each 

path. The ingress controller reads the annotations and configures the underlying load balancer or 

proxy server to enforce the WAF rules. 

5.10. Customization and Extensions 

The ingress controller and the ingress resource are highly customizable and extensible. The ingress 

controller can be configured with custom templates to customize the configuration of the 

underlying load balancer or proxy server. The ingress resource can be configured with custom 

annotations to specify additional configuration options that are not covered by the standard ingress 

resource fields. Additionally, the ingress controller can be extended with custom plugins to add 

additional functionalities such as rate limiting, request and response transformation, and advanced 

authentication and authorization. The ingress resource can be configured with custom annotations to 

specify the configuration options for the custom plugins. In conclusion, the ingress flow in a 

Kubernetes cluster involves various functionalities such as rewriting and redirection, authentication 

and authorization, Web Application Firewall (WAF) integration, and customization and extensions. 

The ingress controller and the ingress resource can be configured and extended to provide these 

functionalities and ensure optimal performance, security, and manageability of the applications 
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running in a Kubernetes cluster. By understanding and configuring these functionalities correctly, 

organizations can ensure that their applications are protected from attacks, that only authorized users 

can access them, and that they can be customized and extended to meet the specific requirements of 

the organization [67]. 

6. Egress Flow 

Egress flow in a Kubernetes cluster refers to the way outgoing traffic from the application services 

running inside the cluster is managed. Managing egress traffic is crucial for controlling access to 

external services, securing sensitive data, and ensuring compliance with organizational policies and 

regulations. This section will discuss various aspects of egress flow, including outgoing requests, 

access control, security, data leakage prevention, rate limiting, and content inspection and filtering. 

6.1. Outgoing Requests 

Outgoing requests are the requests made by the application services running inside the Kubernetes 

cluster to external services or APIs. These requests can be made over various protocols such as 

HTTP, HTTPS, TCP, and UDP. The Kubernetes cluster needs to be configured to allow outgoing 

requests to the required external services and block all other unnecessary outgoing traffic [68]. 

6.2. Access Control 

Access control involves controlling which application services are allowed to make outgoing 

requests to which external services or APIs. This is important to ensure that the application services do 

not access unauthorized or malicious external services. Access control can be implemented using 

various mechanisms such as Network Policies, Service Mesh, and API Gateways. Network Policies 

are Kubernetes resources that define the allowed incoming and outgoing traffic for a set of pods. 

Service Mesh is a dedicated infrastructure layer for managing service-to-service communication. 

API Gateways are application layer gateways that manage and control the API traffic between the 

application services and the external services. 

6.3. Security 

Security involves ensuring that the outgoing requests are secure and do not expose sensitive data to 

unauthorized parties. This includes encrypting the data in transit using SSL/TLS, authenticating the 

application services making the outgoing requests, and ensuring that the external services being 

accessed are secure and trusted. 

6.4. Data Leakage Prevention 

Data leakage prevention involves preventing sensitive data from being accidentally or maliciously 

exposed to unauthorized parties. This includes filtering and sanitizing the outgoing requests to 

remove any sensitive data, monitoring the outgoing traffic for any unauthorized data transmission, 

and implementing strict access control and authentication mechanisms. 

6.5. Rate Limiting 

Rate limiting involves limiting the rate at which the application services can make outgoing 

requests to external services or APIs. This is important to prevent the application services from 

overwhelming the external services or APIs and to ensure fair usage of the external resources. Rate 

limiting can be implemented using various mechanisms such as API Gateways, Service Mesh, and 

custom application logic. 

6.6. Content Inspection and Filtering 

Content inspection and filtering involve inspecting the content of the outgoing requests and filtering 

out any malicious or unauthorized content. This includes inspecting the headers, body, and 

attachments of the outgoing requests and filtering out any malicious code, unauthorized data, or 

sensitive information. Content inspection and filtering can be implemented using various 

mechanisms such as Web Application Firewalls (WAF), API Gateways, and custom application 
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logic. In conclusion, managing the egress flow in a Kubernetes cluster involves various aspects such 

as outgoing requests, access control, security, data leakage prevention, rate limiting, and content 

inspection and filtering. By properly configuring and managing these aspects, organizations can 

ensure that their applications running in a Kubernetes cluster can securely and efficiently access 

external services and APIs, while preventing unauthorized access, data leakage, and abuse of 

external resources. 

6.7. Logging and Monitoring 

Logging and monitoring involve collecting, storing, and analyzing the logs and metrics of the 

outgoing requests made by the application services. This is important for troubleshooting, 

performance optimization, and security analysis. The logs and metrics can include various 

information such as the source and destination of the requests, the request and response headers 

and body, the response status codes, the response times, and any errors or exceptions. Kubernetes 

provides built-in support for logging and monitoring using various tools such as Fluentd, 

Prometheus, and Grafana. Fluentd is an open-source data collector that collects the logs from the 

application services and forwards them to a centralized logging backend. Prometheus is an open- 

source monitoring and alerting toolkit that collects the metrics from the application services and 

stores them in a time-series database. Grafana is an open-source analytics and monitoring platform 

that visualizes the metrics collected by Prometheus. 

6.8. Caching 

Caching involves storing the responses of the outgoing requests in a cache to improve the 

performance of the application services. When an application service makes an outgoing request, the 

response is stored in the cache. When the same request is made again, the response is served from 

the cache instead of making the request to the external service or API. This reduces the response 

time and the load on the external services or APIs. 

Caching can be implemented using various mechanisms such as HTTP caching headers, caching 

proxies, and caching libraries. HTTP caching headers are headers in the HTTP response that 

indicate whether the response can be cached and for how long. Caching proxies are proxy servers 

that cache the responses of the outgoing requests and serve them from the cache when the same 

requests are made again. Caching libraries are libraries that provide caching functionalities in the 

application code. 

6.9. Service Discovery 

Service discovery involves discovering the external services or APIs that the application services 

need to access. This is important for dynamic environments where the external services or APIs 

may change their IP addresses or hostnames frequently. Service discovery can be implemented 

using various mechanisms such as DNS, service registries, and API Gateways. DNS is a 

hierarchical and decentralized naming system that translates human-readable hostnames into IP 

addresses. Service registries are centralized repositories that store the metadata of the external 

services or APIs such as their IP addresses, hostnames, ports, and protocols. API Gateways 

are application layer gateways that manage and control the API traffic between the application 

services and the external services. 

6.10. Quality of Service (QoS) 

Quality of Service (QoS) involves ensuring that the outgoing requests made by the application 

services meet certain quality criteria such as response time, throughput, and availability. This is 

important for ensuring the performance and reliability of the application services. QoS can be 

implemented using various mechanisms such as load balancing, rate limiting, and retries. 

Load balancing involves distributing the outgoing requests across multiple instances of the 
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external services or APIs to ensure high availability and optimal performance. Rate limiting 

involves limiting the rate at which the application services can make outgoing requests to external 

services or APIs to ensure fair usage of the external resources. Retries involve retrying the outgoing 

requests that have failed due to transient failures or exceptions. 

6.11. Proxying and VPNs 

Proxying involves using a proxy server to forward the outgoing requests made by the application 

services to the external services or APIs. This is important for various reasons such as security, 

access control, and performance optimization. VPNs (Virtual Private Networks) involve creating a 

secure and private network connection over the public internet to access the external services or 

APIs. This is important for accessing services or APIs that are hosted in a private network or a 

different cloud provider. 

In conclusion, managing the egress flow in a Kubernetes cluster involves various aspects such as 

logging and monitoring, caching, service discovery, quality of service, and proxying and VPNs. By 

properly configuring and managing these aspects, organizations can ensure that their applications 

running in a Kubernetes cluster can securely and efficiently access external services and APIs, 

while ensuring optimal performance, reliability, and security. 

7. Rate Limiting 
Rate limiting is a crucial mechanism to control the rate at which an application or a group of 

applications can make requests to a server or a group of servers. This is important to prevent abuse, 

ensure fair usage of resources, and maintain the quality of service. This section will discuss how 

rate limiting works, key concepts, strategies for rate limiting, response handling, use cases for rate 

limiting, and considerations for rate limiting. 

7.1. How Rate Limiting Works 

Rate limiting works by monitoring the number of requests made by an application or a group of 

applications to a server or a group of servers within a specified time window. If the number of 

requests exceeds a predefined threshold, the server will start rejecting the additional requests until the 

number of requests falls below the threshold. 

7.2. Key Concepts 

Threshold: The maximum number of requests that an application or a group of applications can 

make to a server or a group of servers within a specified time window. 

Time Window: The duration of time over which the number of requests is monitored. 

 
Rate Limiting Key: A unique identifier used to group the requests made by an application or a 

group of applications. This can be an IP address, a user ID, an API key, or any other identifier that 

can uniquely identify the requester. 

7.3. Strategies for Rate Limiting 

Token Bucket: In this strategy, a fixed number of tokens are added to a bucket at regular intervals. 

Each request made by the application consumes one token from the bucket. If the bucket is empty, the 

request is rejected. The bucket has a maximum capacity, and any additional tokens added to the 

bucket once it is full are discarded. 

Leaky Bucket: In this strategy, a fixed number of requests are allowed to pass through a bucket in a 

specified time interval. Any additional requests are queued in the bucket until there is space 

available. If the bucket is full, the additional requests are rejected. 

Fixed Window: In this strategy, the time window is divided into fixed intervals, and a maximum 

number of requests are allowed in each interval. If the number of requests exceeds the maximum 

allowed in an interval, the additional requests are rejected.  
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Sliding Window: In this strategy, the time window slides continuously, and the number of requests 

made in the current window is monitored. If the number of requests exceeds the maximum allowed in 

the current window, the additional requests are rejected. 

7.4. Response Handling 

When a request is rejected due to rate limiting, the server should return a response with a status 

code indicating that the request was rejected due to rate limiting. The HTTP status code 429 (Too 

Many Requests) is commonly used for this purpose. The response can also include additional 

information such as the maximum allowed requests, the current number of requests, and the time 

remaining until the rate limit is reset. 

7.5. Use Cases for Rate Limiting 

Preventing Abuse: Preventing malicious users or bots from overwhelming the server with a large 

number of requests. 

Ensuring Fair Usage: Ensuring that all users or applications have fair access to the server resources 

by preventing a single user or application from consuming all the available resources. 

Maintaining Quality of Service: Maintaining the quality of service by preventing the server from 

being overwhelmed with requests and ensuring that the server can respond to all requests in a timely 

manner. 

7.6. Considerations for Rate Limiting 

Granularity: The granularity at which the rate limiting is applied. This can be at the application 

level, the user level, the IP address level, or any other level that is appropriate for the use case. 

Burstiness: The burstiness of the traffic. If the traffic is bursty, a token bucket or a leaky bucket 

strategy may be more appropriate. If the traffic is steady, a fixed window or a sliding window 

strategy may be more appropriate. 

Response Handling: The response returned by the server when a request is rejected due to rate 

limiting. 

This should include a status code indicating that the request was rejected due to rate limiting and 

additional information to help the client understand the rate limiting rules. 

In conclusion, rate limiting is a crucial mechanism to control the rate at which an application or a 

group of applications can make requests to a server or a group of servers. It is important to 

understand how rate limiting works, the key concepts, the different strategies for rate limiting, the 

response handling, the use cases for rate limiting, and the considerations for rate limiting to 

implement it effectively and ensure optimal performance, security, and fairness. 

8. API Types 

APIs, or Application Programming Interfaces, are a set of rules and protocols that allow one piece of 

software or program to interact with another. They define the methods and data formats that 

applications can use to request and exchange information. There are several types of APIs, each 

with its own set of rules and protocols. This section will discuss four common types of APIs: Web 

APIs, RESTful APIs, SOAP APIs, and GraphQL APIs. 

8.1. Web APIs (HTTP/HTTPS APIs) 

Web APIs are APIs that are accessible over the web using standard web protocols such as HTTP or 

HTTPS. They are commonly used to enable applications to interact with each other over the 

internet. Web APIs can be public or private. Public APIs are open and accessible to any developer, 

while private APIs are restricted to specific applications or developers. 

Web APIs typically use HTTP methods such as GET, POST, PUT, and DELETE to perform 

operations on resources. For example, a GET request can be used to retrieve a resource, a POST 

request can be used to create a new resource, a PUT request can be used to update an existing 
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resource, and a DELETE request can be used to delete a resource. 

8.2. RESTful APIs (Representational State Transfer) 

RESTful APIs are a type of web API that adhere to the principles of REST (Representational State 

Transfer). REST is an architectural style that defines a set of constraints and properties for building 

scalable web services. RESTful APIs use standard HTTP methods and status codes, URLs, and 

MIME types.  

RESTful APIs are stateless, meaning that each request from a client to a server must contain all the 

information needed to understand and process the request. The server does not store any 

information about the client's state between requests. This makes RESTful APIs scalable and easy to 

maintain. 

RESTful APIs use resources as the key abstractions of information. A resource can be any piece of 

information that can be named, such as a document, an image, or a collection of other resources. Each 

resource is identified by a unique URL, and the operations on the resources are performed using 

standard HTTP methods. 

8.3. SOAP APIs (Simple Object Access Protocol) 

SOAP APIs are a protocol for exchanging structured information in the implementation of web 

services. SOAP uses XML as the message format, and it can be transported over various protocols 

such as HTTP, SMTP, TCP, and more. SOAP APIs are commonly used in enterprise environments 

and for applications that require high levels of security and reliability. 

SOAP APIs use a set of rules and standards for the message format, the operations that can be 

performed, and the way the messages are processed. SOAP messages consist of an envelope that 

contains a header and a body. The header contains information about the message, such as 

authentication credentials and transaction information. The body contains the actual data and the 

operation to be performed. 

8.4. GraphQL APIs 

GraphQL is a query language and runtime for APIs developed by Facebook. GraphQL APIs 

provide a more flexible and efficient alternative to RESTful APIs. Instead of having multiple 

endpoints for different operations on resources, GraphQL APIs have a single endpoint that can 

handle multiple operations on multiple resources. 

GraphQL APIs use a schema to define the types of data that can be queried and the relationships 

between the types. The schema is defined using the GraphQL Schema Definition Language (SDL). 

Clients can request only the data they need, and the server responds with a JSON object that 

contains the requested data. 

Clients can also specify the shape of the response, which allows them to request data in a format 

that is convenient for them. This reduces the amount of data transferred over the network and 

improves the performance of the application. 

In conclusion, there are several types of APIs, each with its own set of rules and protocols. Web 

APIs are accessible over the web using standard web protocols. RESTful APIs are a type of web 

API that adhere to the principles of REST. SOAP APIs are a protocol for exchanging structured 

information in the implementation of web services. GraphQL APIs provide a more flexible and 

efficient alternative to RESTful APIs. Understanding the different types of APIs and their 

characteristics is crucial for building and integrating applications that can interact with each other 

over the internet. 
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ACRONYMS 
API - Application Programming Interface HTTP - HyperText Transfer Protocol 

HTTPS - HyperText Transfer Protocol Secure REST - Representational State Transfer SOAP - 

Simple Object Access Protocol 

URL - Uniform Resource Locator 

MIME - Multipurpose Internet Mail Extensions SMTP - Simple Mail Transfer Protocol 

TCP - Transmission Control Protocol XML - eXtensible Markup Language JSON - JavaScript 

Object Notation SDL - Schema Definition Language QoS - Quality of Service 

VPN - Virtual Private Network WAF - Web Application Firewall IP - Internet Protocol 

DNS - Domain Name System JWT - JSON Web Token 

LDAP - Lightweight Directory Access Protocol 

OAuth - Open Authorization GUI - Graphical User Interface CLI - Command Line Interface 

IDE - Integrated Development Environment SDK - Software Development Kit 

OS - Operating System 

CPU - Central Processing Unit RAM - Random Access Memory HDD - Hard Disk Drive 

SSD - Solid State Drive USB - Universal Serial Bus 

HDMI - High-Definition Multimedia Interface LAN - Local Area Network 

WAN - Wide Area Network 

WLAN - Wireless Local Area Network IoT - Internet of Things 

AI - Artificial Intelligence ML - Machine Learning 

NLP - Natural Language Processing RPA - Robotic Process Automation ERP - Enterprise Resource 

Planning 

CRM - Customer Relationship Management CMS - Content Management System 

SEO - Search Engine Optimization SEM - Search Engine Marketing SaaS - Software as a Service 

PaaS - Platform as a Service IaaS - Infrastructure as a Service FaaS - Function as a Service 

SQL - Structured Query Language NoSQL - Not Only SQL 

HTML - HyperText Markup Language CSS - Cascading Style Sheets 

JS - JavaScript 

PHP - Hypertext Preprocessor ASP - Active Server Pages JSP - JavaServer Pages 

MVC - Model-View-Controller MVVM - Model-View-ViewModel 

AJAX - Asynchronous JavaScript and XML DOM - Document Object Model 

SVG - Scalable Vector Graphics 
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