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[bookmark: _Toc197442391]Abstract
Achieving high performance in web applications requires the adoption of efficient development techniques, particularly when designing lightweight and scalable frameworks. This study aims to investigate performance optimization techniques for developing a lightweight custom PHP framework. By analysing key factors such as execution speed, memory efficiency, query optimization, and caching strategies, the research seeks to establish best practices that enhance framework performance.
Building on existing comparative studies this research examines the strengths and limitations of various PHP frameworks. Furthermore, it takes a practical approach by implementing a custom lightweight PHP framework to test and assess different optimization techniques in real-world scenarios. Performance benchmarks are analysed to determine the most effective strategies for achieving optimal speed, scalability, and resource utilization.
The primary objectives of this study are:
1. To investigate performance techniques for developing a lightweight custom PHP framework.
2. To implement and evaluate different optimization techniques in a custom framework.
3. To analyse performance results and identify the most effective strategies for achieving optimal framework efficiency.
By combining theoretical analysis with practical implementation, this study provides valuable insights into designing high-performance PHP frameworks. The findings contribute to the development of scalable and efficient web applications, offering developers a set of best practices for optimizing performance while maintaining lightweight and flexible architecture.
[bookmark: _Toc197442392]Introduction
Investigate different frameworks to determine the best principles to achieve performance. With the rapid evolution of web development, selecting the right framework significantly impacts application efficiency, scalability, and maintainability. Various PHP frameworks, including Laravel, CodeIgniter, Symfony, and Yii, provide different architectures, optimization techniques, and built-in features that influence performance outcomes.
According to [1], a comparative analysis of Laravel and Symfony highlights key performance factors such as caching strategies, query optimization, and middleware efficiency. Their study provides valuable insights into how different frameworks handle database interactions, execution speed, and scalability, making it easier for developers to select the most suitable framework based on project requirements and expected traffic loads.
A study by [2] highlights that the performance of PHP frameworks is determined by factors such as execution speed, memory consumption, and database handling efficiency. Their comparative analysis examines the strengths and weaknesses of popular frameworks in real-world applications, demonstrating how different architectural approaches influence response times and resource utilization. The objective of this study is to explore and analyse performance optimization techniques for the development of a lightweight custom PHP framework tailored for scalable web applications. By evaluating key performance factors such as execution speed, memory efficiency, query optimization, and caching strategies, this research aims to establish best practices that enhance framework efficiency. The study will focus on identifying architectural and coding principles that contribute to building a high-performance, scalable PHP framework capable of handling varying traffic loads while maintaining optimal responsiveness.
Additionally, this study aims to investigate different performance techniques by implementing a lightweight custom PHP framework. Through practical experimentation and benchmarking, the research will assess the effectiveness of various optimization strategies in real-world scenarios. This hands-on approach will provide concrete insights into how architectural decisions impact performance, contributing to the development of an efficient and scalable framework optimized for modern web applications.
Furthermore, this study seeks to evaluate performance results to determine the most appropriate techniques for achieving optimal performance. By analysing benchmarking data and comparing different optimization methods, the research will identify the most effective strategies for enhancing framework efficiency. This evaluation will provide valuable guidelines for developers looking to build high-performance, scalable web applications while ensuring optimal resource utilization.
[bookmark: _Toc197442393]Aim and Objectives
[bookmark: _Toc197442394]Aim
The aim of this study is to investigate performance optimization techniques within PHP frameworks through a comparative analysis of Laravel and Symfony. The insights gained from this comparison will be applied to the design and development of a lightweight custom PHP framework optimized for high performance and scalability.




[bookmark: _Toc197442395]Objectives
To achieve the stated aim, the study will pursue the following objectives:

· To analyse and compare the performance characteristics of Laravel and Symfony, with specific focus on execution speed, memory consumption, query handling, and scalability.

· To identify and evaluate key performance optimization strategies and architectural principles employed by Laravel and Symfony that enhance efficiency and responsiveness.

· To design and implement a lightweight custom PHP framework incorporating selected performance-enhancing techniques derived from the comparative analysis.

· To conduct benchmarking experiments comparing the custom framework with Laravel and Symfony under controlled, real-world-inspired scenarios using standard performance metrics.

· To assess and interpret the benchmarking results in order to determine the most effective optimization strategies, and to propose a set of best practices for developing high-performance PHP frameworks.
[bookmark: _Toc197442396]Literature review:
[bookmark: _Toc197442397]A Comparative study of PHP frameworks performance
The article "A Comparative Study of PHP Frameworks Performance" evaluates the performance of three widely used PHP frameworks: Laravel, Symfony, and CodeIgniter. The research aims to assist developers in selecting the most effective framework for web development by conducting comprehensive performance testing and evaluation.​ [2] 
Key Findings:
· Performance Metrics: The study assesses each framework based on various performance metrics, including execution time, memory usage, and response time. These metrics provide insights into the efficiency and scalability of each framework under different conditions.​
· Framework Comparisons:
· Laravel: Known for its elegant syntax and rich feature set, Laravel offers extensive functionalities but may have higher resource consumption compared to others.​
· Symfony: Recognized for its robustness and flexibility, Symfony provides a modular architecture, which can lead to increased complexity and resource usage.​
· CodeIgniter: Valued for its simplicity and lightweight footprint, CodeIgniter demonstrates lower resource usage, making it suitable for applications where performance is critical.​ [3] 
The study emphasizes that while performance is a crucial factor, developers should also consider other aspects such as community support, documentation, scalability, and specific project requirements when choosing a PHP framework.​

[bookmark: _Toc197442398]A Comparative Analysis of Performance Optimization Techniques for Benchmarking PHP Frameworks: Laravel and CodeIgniter
​"A Comparative Analysis of Performance Optimization Techniques for Benchmarking PHP Frameworks: Laravel and CodeIgniter" [3] examines the performance characteristics of two widely used PHP frameworks—Laravel and CodeIgniter—with a focus on their optimization capabilities. The research aims to provide insights into how each framework performs under various conditions, aiding developers in selecting the most suitable framework based on project requirements.​ 
Key Findings:
· Performance Metrics: The study evaluates both frameworks based on critical performance indicators, including response time, throughput, and data processing efficiency. These metrics offer a comprehensive understanding of each framework's efficiency and scalability.​ 
· Framework Comparisons:
· CodeIgniter: Demonstrates lower response times and higher throughput, making it particularly suitable for lightweight applications where performance is a critical factor.​
· Laravel: While exhibiting relatively slower performance metrics, Laravel offers advanced features and optimization tools that are ideal for developing complex, scalable applications.​
Performance Optimization Techniques:
The research highlights specific optimization strategies employed by each framework:​
· Laravel:
· Caching Mechanisms: Utilizes route caching and view caching to enhance performance.​ 
· Database Optimization: Employs techniques such as indexing and query optimization to improve data retrieval times.​
· Code Optimization: Focuses on refining code structures to reduce execution time and resource consumption.​
· CodeIgniter:
· Efficient Caching Techniques: Implements caching strategies to minimize server load and response time.​
· Database Indexing: Uses indexing to expedite query processing and data access.​
· Streamlined Code Practices: Adopts a minimalist coding approach to ensure faster execution and reduced complexity.​ 
Comparative Insights:
The data indicates that both Laravel and CodeIgniter benefit significantly from performance optimization techniques, though the degree of improvement and the specific areas of impact vary between the two frameworks:​ 
· Laravel: The more feature-rich framework, Laravel, showed substantial gains particularly in scenarios involving complex data processing and high user concurrency.​ 
· CodeIgniter: Efficient caching techniques, database indexing, query caching, and streamlined code practices also led to notable reductions in response times. CodeIgniter's minimalist architecture and simplicity enabled high performance, particularly in lightweight applications.​ 
Conclusion:
This comparative analysis underscores the importance of selecting a PHP framework that aligns with the specific needs of a project:​
· CodeIgniter is well-suited for applications where performance and simplicity are paramount, offering lower response times and higher throughput.​
· Laravel is preferable for projects requiring advanced features and scalability, despite a trade-off in raw performance metrics.​ [4] 
Developers should weigh these considerations alongside other factors such as community support, documentation, and long-term maintenance when choosing between these frameworks.​
This study contributes valuable insights into the performance optimization of PHP frameworks, guiding developers toward making informed decisions that best suit their application's requirements.
[bookmark: _Toc197442399]Comparison of Laravel and Symfony - the most popular PHP frameworks, based on a simple CRUD application
"Comparison of Laravel and Symfony - the most popular PHP frameworks, based on a simple CRUD application" [5] provides an in-depth analysis of two leading PHP frameworks—Laravel 10 and Symfony 6—by evaluating their performance through the implementation of simple CRUD (Create, Read, Update, Delete) applications. The research aims to assist developers in selecting the appropriate framework by comparing execution times and considering community support.​ 
Key Findings:
· Performance Metrics: The study measured execution times for individual CRUD operations and the frameworks' ability to handle concurrent requests. Measurements were taken using the Postman tool, capturing the duration from request initiation to server response. The frameworks were tested under varying loads, handling 10, 100, 500, and 1,000 simultaneous requests.​ 
· Framework Comparisons:
· Symfony 6: Demonstrated superior performance in handling simultaneous requests, making it a preferable choice for applications where performance is critical.​
· Laravel 10: While offering a rich set of features and an expressive syntax, Laravel showed comparatively longer execution times under similar test conditions.​
Implementation Process and Community Support:
· Laravel 10: Known for its elegant syntax and extensive out-of-the-box functionalities, Laravel simplifies the development process, especially for small to medium-sized projects. It boasts a large and active community, providing abundant resources and third-party packages.​
· Symfony 6: Offers a modular architecture with reusable components, allowing for greater flexibility and customization. Its steeper learning curve is offset by comprehensive documentation and a robust community, making it suitable for complex and large-scale applications.​
Conclusion:
The study concludes that Symfony 6 is a better solution for applications where performance is crucial. However, developers should also consider factors such as project complexity, development speed, and community support when choosing between these frameworks. Laravel's ease of use and extensive community resources make it an excellent choice for rapid development, while Symfony's performance advantages and flexibility cater to projects with stringent performance requirements.
[bookmark: _Toc197442400]A Comparative Study of Laravel and Symfony PHP Frameworks
​The study titled "A Comparative Study of Laravel and Symfony PHP Frameworks" [1] presents a detailed analysis of two prominent PHP frameworks—Laravel and Symfony. The research aims to assist developers in selecting the most suitable framework by evaluating them across seven distinct dimensions: Features, Multilingual Support, System Requirements, Technical Architecture, Code Organization, Continuous Integration (CI), and Documentation and Learning Curve.​ 
Key Findings:
· Features: Both frameworks offer a comprehensive set of features; however, Laravel provides a more extensive range of built-in functionalities, which can accelerate development for common tasks.​
· Multilingual Support: Symfony exhibits superior capabilities in handling multilingual applications, offering more robust internationalization and localization support compared to Laravel.​
· System Requirements: Symfony generally demands higher system requirements due to its modular architecture, whereas Laravel is considered more lightweight, potentially leading to differences in performance and resource utilization.​
· Technical Architecture: Symfony's modular architecture promotes reusability and flexibility, allowing developers to utilize individual components as needed. In contrast, Laravel offers a more opinionated structure, which can simplify development but may limit customization.​
· Code Organization: Both frameworks encourage the Model-View-Controller (MVC) pattern; however, Symfony's strict adherence to coding standards and conventions can lead to more maintainable codebases.​
· Continuous Integration (CI): Symfony provides better support for CI practices, offering seamless integration with various CI tools, which can enhance development workflows.​
· Documentation and Learning Curve: Laravel's documentation is often praised for its clarity and accessibility, making it more approachable for beginners. Symfony's documentation is comprehensive but may be perceived as more complex due to the framework's flexibility and depth.​
Conclusion:
The study concludes that the choice between Laravel and Symfony should be guided by specific project requirements:​
· Laravel is well-suited for projects requiring rapid development and built-in solutions, benefiting from its extensive features and user-friendly documentation.​
· Symfony is preferable for complex, large-scale applications that demand high customization, multilingual support, and adherence to strict coding standards.​
Developers are encouraged to consider these dimensions alongside factors such as community support, performance needs, and long-term maintenance when selecting a PHP framework.
[bookmark: _Toc197442401]Laravel Framework and Native PHP: Comparison in the Creation of REST API
​The study titled "Laravel Framework and Native PHP: Comparison in the Creation of REST API" [6] offers a detailed analysis of developing RESTful APIs using the Laravel framework versus native PHP. The research evaluates both approaches across several critical aspects to guide developers in selecting the most suitable method for their projects.​ 
Key Findings:
· Processing Speed: The study reveals that native PHP exhibits a faster processing speed, averaging 18.3 ms per request, compared to 344.52 ms for Laravel. This disparity is attributed to Laravel's additional processes, such as routing, controllers, and models, which, while enhancing functionality, introduce overhead.​ 
· Code Efficiency: Laravel demonstrates superior code efficiency due to its Object-Relational Mapping (ORM) feature, which abstracts database interactions and reduces the need for manual SQL queries. In contrast, native PHP requires explicit SQL statements, potentially leading to more verbose and error-prone code.​ 
· URL Routing Structure: Laravel offers a structured and intuitive routing system, simplifying the management of API endpoints. Native PHP lacks a built-in routing mechanism, necessitating manual inclusion of process files for route handling, which can complicate maintenance as the application scales.​ 
· Architectural Model: Laravel adheres to the Model-View-Controller (MVC) architecture, promoting organized and maintainable codebases. Native PHP does not enforce a specific architectural pattern, leaving developers to implement their own structures, which can result in inconsistent code organization.​
Conclusion:
The study concludes that while native PHP offers faster processing speeds due to its minimalistic approach, Laravel provides advantages in code efficiency, routing, and architectural organization. Developers should weigh these factors based on project requirements, considering whether performance or maintainability is the priority.​ 



[bookmark: _Toc197442402]Review of Performance Testing in Laravel and Symfony

[bookmark: _Toc197442403]Study by Laaziri et al. : A Comparative Study of Laravel and Symfony PHP Frameworks
Laaziri et al. [1]conducted an in-depth comparative study to assess the performance of three widely-used PHP frameworks: Laravel, Symfony, and CodeIgniter. Their goal was to determine which framework was best suited for building efficient and scalable web applications. The authors designed their research to benchmark each framework's performance based on real-world tasks by developing equivalent web applications performing the same operations across the three frameworks. The focus was on quantifying the number of requests handled per second, a key metric for measuring throughput and response handling under load.

The experimental setup involved hosting all frameworks on the same hardware and software environments to ensure fair testing conditions. Each application was deployed with identical database schemas and logic, and tested using load simulation tools to replicate various levels of user concurrency. The evaluation highlighted that Symfony consistently managed a higher number of requests per second, especially as concurrency levels increased, suggesting superior efficiency in request handling and execution. This was attributed to Symfony’s modular architecture and minimal runtime overhead, which allows developers to include only necessary components.

Conversely, Laravel demonstrated strong developer ergonomics but fell slightly behind in terms of raw performance. The authors emphasized that Laravel's convenience features—such as Eloquent ORM, Blade templating engine, and integrated tools—added abstraction layers that, while useful for development speed, introduced latency and increased memory consumption. Despite this, Laravel remained a solid choice for small- to medium-scale applications where time-to-market and ease of development were priorities.

Laaziri et al. concluded that while Symfony may be better optimized for performance and enterprise-level applications, Laravel could still achieve competitive performance when paired with appropriate optimization strategies such as route caching, query optimization, and compiled views.

[bookmark: _Toc197442404]Study by Gajewski and Dzieńkowski : Comparison of Laravel and Symfony Based on a CRUD Application
A more recent study by Gajewski and Dzieńkowski [5] provides a focused and practical comparison of Laravel 10 and Symfony 6 through the development and testing of a simple CRUD (Create, Read, Update, Delete) application. The authors aimed to isolate the core operational functions of web applications and examine how each framework handled these fundamental interactions. This design ensured that performance differences could be clearly observed without interference from external third-party packages or complex integrations.

The researchers deployed the applications in a controlled test environment and conducted experiments using Apache Benchmark (ab) and Gatling to simulate varying levels of concurrent requests, ranging from 10 to 1,000 users. Key metrics included average response time, requests per second, error rate, and CPU/memory consumption.

The results showed that Symfony 6 consistently outperformed Laravel 10 in terms of execution speed and memory efficiency, particularly under high concurrency. Symfony demonstrated more stable response times and better scaling behavior as the number of concurrent users increased. This performance advantage was credited to Symfony’s lightweight service container, highly optimized HTTP kernel, and better integration of PSR-compliant components.

On the other hand, Laravel showed a smoother developer workflow with features like auto-routing, migration scaffolding, and integrated testing tools. However, these benefits came with a trade-off in raw performance due to Laravel’s additional abstractions and runtime operations. The authors also noted that Laravel incurred slightly higher CPU and memory usage, which may impact hosting costs and application responsiveness at scale.

Gajewski and Dzieńkowski [5] concluded that Symfony is better suited for applications where high performance and scalability are critical, such as enterprise portals or systems expected to serve large user bases. Laravel, while slightly less performant in raw numbers, was deemed more productive and preferable for rapid development cycles or startups focusing on MVP (Minimum Viable Product) delivery.

[bookmark: _Toc197442405]Summary and Implications
The findings from both Laaziri et al. [1] and Gajewski and Dzieńkowski [5] reinforce the idea that framework selection in PHP development should be context-dependent. Symfony generally provides better runtime performance and scalability, making it appropriate for high-load environments and large-scale systems. Laravel, while more resource-intensive, offers unmatched developer experience and productivity, which can translate into faster project delivery and reduced development costs.

The implications for custom framework design are significant. By studying how Symfony achieves lightweight performance through modular components, and how Laravel improves development efficiency through expressive abstractions, developers can selectively incorporate the best of both worlds into custom-built frameworks. These findings also support the importance of benchmarking and profiling tools in performance testing, as theoretical assumptions do not always align with empirical results in production-like environments.

[bookmark: _Toc197442406]Research Methodology
This research applies a structured and systematic methodology to investigate performance optimization techniques for developing a lightweight custom PHP framework tailored for scalable web applications. Careful consideration was given to selecting the most appropriate research approach, ensuring that the methods chosen provide valid, reliable, and verifiable results that can meaningfully inform conclusions and recommendations.

[bookmark: _Toc197442407]Research Approach
Several research paradigms were considered in designing this study. Positivism emphasizes objective, measurable facts and hypothesis testing through controlled experiments, while interpretivism focuses on understanding subjective developer experiences and practices, and pragmatism combines multiple approaches to address practical challenges. Given the technical and empirical nature of this project, the positivist approach was selected. This paradigm is well-suited for quantitative, experimental work where performance can be measured objectively and hypotheses can be tested under repeatable conditions. By focusing on observable system behaviour, the positivist approach allows the study to generate concrete, data-driven conclusions about which techniques most effectively improve framework performance.

[bookmark: _Toc197442408]Chosen Research Method
The primary research method employed is experimental research, which involves manipulating specific variables to observe and measure their effects on defined outcomes. In this study, performance-related variables such as caching strategies, query optimization techniques, and architectural patterns are implemented within the custom lightweight PHP framework. Controlled experiments are then conducted to assess how these variables affect system performance, measured through key indicators such as execution time, memory consumption, request handling efficiency, and scalability. Experimental research is particularly appropriate for this project because it enables the researcher to isolate and directly test the effects of individual optimization techniques, providing strong evidence for causal relationships between implementation choices and performance outcomes.

[bookmark: _Toc197442409]Research Process
The research process unfolds through several clearly defined stages. First, a literature review is conducted to analyse prior comparative studies on PHP frameworks (e.g., Sharma & Suman, 2019; Kumar & Sharma, 2019), identifying commonly used performance indicators and optimization strategies. Next, the custom lightweight PHP framework is developed, incorporating selected techniques such as efficient routing and optional minimal middleware layers. Once the framework is built, the experimental phase begins, where benchmark scenarios—such as measuring requests per second, memory usage profiling, and database interaction speed—are defined and executed. Performance data are then systematically collected from both the custom framework and established frameworks like Laravel, enabling comparative evaluation. Finally, the collected data are analysed, interpreted, and synthesized to draw conclusions about the most effective techniques for achieving optimal performance.

[bookmark: _Toc197442410]Ensuring Valid and Verifiable Results
To ensure the validity, reliability, and generalizability of the research findings, several measures are implemented. Each benchmark test is repeated multiple times, and the average values are calculated to reduce the influence of anomalies or random fluctuations. Descriptive statistical methods, such as mean, median, and standard deviation, are employed to summarize the performance data. Where appropriate, inferential statistical tests (such as t-tests or ANOVA) are applied to assess the statistical significance of observed differences between techniques. All experiments are conducted in a controlled server environment, ensuring consistent hardware, software, operating system, and PHP version, thereby eliminating external variables that could compromise the validity of the results. Additionally, by comparing the performance outcomes of the custom framework against those of established frameworks, the study ensures that its findings are benchmarked against real-world standards, increasing the credibility and applicability of its conclusions.






[bookmark: _Toc197442411]Development Methodology: Design Methods and Principles
For the development of the custom PHP framework described in this project, the emphasis is placed not on selecting a named software development methodology (such as Agile, Scrum, or Waterfall) but rather on applying carefully chosen design methods and principles that transcend any one methodology. Regardless of the overarching project management approach, certain design techniques serve as critical tools to structure the system effectively, ensure clarity in requirements, and promote maintainable, scalable code.
One of the key techniques employed is the use of user stories. These lightweight, human-centred descriptions of system functionality help capture the expectations and needs of the end user in a way that is easy for developers to translate into technical requirements. For example, a user story such as “As a developer, I want to define service contracts so that I can switch between cache implementations without changing the application code” directly informs the decision to use interfaces and dependency injection in the framework’s design. By grounding design decisions in user stories, the project ensures that its architectural choices remain aligned with real-world needs and use cases.
In addition to user stories, the project makes use of class diagrams to map out the structure of the system and clarify the relationships between core components. Class diagrams illustrate how contracts (interfaces) relate to their concrete implementations, how the IoC container resolves dependencies, and how controllers interact with services like the cache and database layers. These visual tools provide a clear blueprint of the system, allowing developers to reason about their design, spot potential coupling or bottlenecks, and ensure adherence to principles such as separation of concerns and modularity.
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The project also deliberately applies object-oriented design principles, particularly the SOLID principles. For example, the use of contracts and dependency inversion ensures that the system remains open to extension (allowing new cache or database implementations to be added) but closed to modification (requiring no changes to the consuming code). These principles serve as the backbone of the framework’s architecture, guiding decisions about layering, abstraction, and interface design.
In summary, rather than anchoring the development process in a named methodology, the project’s success relies on selecting and applying targeted design techniques — particularly user stories and class diagrams — that inform the construction of a flexible, maintainable, and scalable system. By focusing on these methods, the project ensures that the custom framework is built on a sound architectural foundation, ready to adapt to evolving requirements and future growth.


Design
Requirements Analysis
The design of the custom PHP framework was guided by carefully structured requirements, gathered and formalized as user stories and use cases to ensure that the system meets its performance, flexibility, and maintainability goals. These requirements were captured in human-readable, structured formats to make them accessible to both technical and non-technical stakeholders.
The main user stories identified include:
1. Cache Abstraction — As a developer, I want to define a Cache Contract interface and bind it to implementations (e.g., Redis), so that I can easily switch between caching backends.
2. Database Flexibility — As a developer, I want to define a Database Contract interface and bind it to MySQL, so I can later extend the framework to other databases.
3. High-Performance Routing — As a developer, I want to use FastRoute with Redis caching for compiled routes, so the application can handle large traffic loads efficiently.
4. Lightweight ORM — As a developer, I want a minimal ORM and query builder directly on the MySQL connection, avoiding the overhead of large ORM systems like Eloquent.
5. Inversion of Control (IoC) — As a framework user, I want dependencies managed via an IoC container, so I can write modular, testable code.
6. Scalable Controller Resolution — As a developer, I want the router to dynamically resolve controllers and methods via the IoC container, allowing automatic dependency injection.
7. Clear Separation of Concerns — As a system architect, I want the system to keep routing, caching, database access, and logic modular, so future updates remain easy to manage.
These user stories form the backbone of the technical design, ensuring that all implemented components serve explicit and justified needs.
[bookmark: _Toc197442412]Implementation

[bookmark: _Toc197442413]Introduction
The custom PHP framework developed for this study is designed as a lightweight, high-performance alternative to full-featured frameworks like Laravel, with a sharp focus on efficiency, scalability, and simplicity. At its core, the framework employs an Inversion of Control (IoC) container, allowing for clean dependency management and flexible service binding, following modern application architecture principles. Routing is handled using FastRoute, a highly optimized PHP router known for its compiled route matching, which significantly outperforms traditional iterative routing systems.
To further enhance routing performance, the framework integrates Redis caching for route definitions — an improvement over the default file-based cache provided by FastRoute — ensuring faster access times and reduced disk I/O during request dispatching, especially under heavy load. On the data layer, the framework includes a minimalistic ORM and query builder built directly on top of the raw MySQL connection. This design offers a balance between ease of use and execution speed, avoiding the overhead of heavy abstraction layers while still providing developers with convenient, structured database interactions.
Together, these components create a focused, performance-oriented framework well-suited for applications where raw speed, resource efficiency, and low latency are critical, without sacrificing the modularity and flexibility developers expect from modern PHP architectures.

[bookmark: _Toc197442414]Router

Benchmarking Laravel vs. Custom Framework: A Comparative Performance Analysis
To evaluate the performance characteristics of the Laravel framework compared to a custom-built framework, a series of controlled benchmarks were conducted using two popular tools: wrk, for high-concurrency load testing, and ApacheBench (ab), for lower-level, focused request testing. Both tools were used to simulate HTTP traffic under consistent conditions, allowing for a clear comparison of throughput, latency, and system stability.

[bookmark: _Toc197442415]wrk Benchmark Results
Using wrk, both systems were subjected to 30 seconds of high-concurrency load (4 threads, 100 simultaneous connections). The Laravel-based application (laraveltest.test) processed 688 total requests, averaging 22.9 requests per second, with an average latency of 1.19 seconds and a maximum latency of 2 seconds. Notably, the system experienced 652 timeout errors, indicating that most requests exceeded the acceptable response window, despite transferring a total of 52.57 MB (or 1.75 MB/s).

[image: ]
Figure 1 - Laravel wrk benchmark

In contrast, the Custom framework (unitest.test) handled 6662 total requests in the same time window, achieving an impressive 221.3 requests per second — nearly ten times the throughput of Laravel — with a significantly lower average latency of 447 milliseconds and a maximum latency of 544 milliseconds. Importantly, it completed the test with no timeout errors, reflecting a much more robust and efficient system under heavy concurrent load, even though it transferred fewer total data (likely due to smaller or simpler responses).
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Figure 2 - Custom framework wrk benchmark
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Figure 3 - Comparison - req/s


[bookmark: _Toc197442416]ApacheBench (ab) Results
To complement the high-load wrk tests, ApacheBench (ab) was used to run a 10-second test with 10 concurrent connections, offering a more fine-grained view of performance under moderate load.
For Laravel, ab completed 221 requests with no failed requests, averaging 21.97 requests per second. The average time per request was 455 milliseconds, with half of all requests completed within 426 ms and the slowest request completing at 681 ms.
On the Custom framework, ab completed 2022 requests — almost ten times more — under the same 10-second window, averaging 202.1 requests per second. The average time per request was just 49 milliseconds, with half of all requests completing within 48 ms and the slowest request completing at only 95 ms.



[bookmark: _Toc197442417]Role of FastRoute in the Custom Framework
A key component of the Custom framework’s superior performance is its routing system, which is built using FastRoute, an open-source PHP router developed by Nikita Popov. FastRoute is highly regarded in the PHP community for its use of a compiled route matching mechanism that generates optimized regular expressions, allowing it to match routes significantly faster than traditional iterative routers. Unlike Laravel’s routing layer, which involves middleware, service providers, and event hooks, FastRoute focuses solely on high-speed pattern matching and dispatching, dramatically reducing the time spent on request resolution.
Reviews of FastRoute consistently highlight its speed, minimal memory footprint, and simplicity. According to community feedback on GitHub and various developer blogs, FastRoute can handle tens of thousands of requests per second with near-linear scalability, making it a popular choice for micro-frameworks and performance-critical PHP applications. Developers appreciate its clear API and its ability to handle both static and dynamic routes efficiently without sacrificing readability or maintainability. This integration into the Unitest framework contributes directly to its impressive benchmark results, especially under high-concurrency scenarios where routing speed becomes a bottleneck in more feature-heavy frameworks like Laravel.
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Figure 4 - Implementation of the Fastroute PHP router

Moreover, the Custom framework enhances this speed by caching its compiled routes in Redis, a high-performance in-memory data store. By storing the processed routing table in Redis, the framework avoids re-parsing or re-compiling the routes on every request, reducing both CPU load and disk I/O. This caching strategy significantly improves request dispatch speed, particularly under high-concurrency scenarios, as the framework can quickly retrieve route information from memory without redundant computation. Reviews and community feedback highlight that combining FastRoute with a caching layer like Redis offers near-optimal routing performance for PHP applications, making it a favored pattern for lightweight and high-performance systems.
[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 5 - Capture from Redis with the routes saved


[bookmark: _Toc197442418]Interpretation and Analysis
The combined results from both wrk and ApacheBench point to a clear and consistent pattern: the custom framework significantly outperforms Laravel across all key performance indicators, including throughput, average response time, and stability under load. Laravel’s lower request-per-second capacity and higher latency can be attributed to its architectural overhead — including middleware layers, routing, Eloquent ORM hydration, and event handling — all of which, while adding valuable developer features, introduce nontrivial performance costs. These costs manifest especially under high concurrency, where server resources (such as PHP-FPM workers and memory) become saturated, leading to elevated latency and timeout errors.
In contrast, the custom framework, being a lightweight custom system, bypasses many of these layers, handling requests with minimal processing overhead. Its use of FastRoute further enhances its speed, allowing it to dispatch requests at exceptional rates without the weight of a complex middleware stack. This enables the framework to sustain a throughput nearly ten times higher than Laravel’s, while maintaining low and consistent response times even under stress.
However, it’s important to note that raw performance is only one dimension of evaluating a framework. Laravel provides a rich ecosystem, robust security, extensive tooling, and developer productivity features that can dramatically reduce development time and improve maintainability. The custom framework, while fast, may lack these higher-level features, making it more suitable for narrowly focused or performance-critical use cases where minimal overhead is paramount.

[bookmark: _Toc197442419]Conclusion
This comparative benchmark underscores the classic trade-off in web application development between feature richness and raw performance. While Laravel offers a full-featured, developer-friendly framework at the cost of heavier runtime overhead, the custom framework delivers remarkable speed and efficiency under load, thanks in part to its use of FastRoute. The right choice between these two approaches depends not only on performance requirements but also on project complexity, development resources, and long-term maintainability goals.


[bookmark: _Toc197442420]Database interactions
[bookmark: _Toc197442421]Laravel Eloquent 

Laravel's Eloquent ORM (Object-Relational Mapping) is a cornerstone of the framework's approach to database interactions, offering developers an expressive and intuitive syntax for managing data. By representing database tables as PHP classes, Eloquent simplifies CRUD (Create, Read, Update, Delete) operations, allowing developers to write clean and readable code without delving into raw SQL. This abstraction not only accelerates development but also enhances code maintainability and readability.​ [7] 
However, while Eloquent excels in developer productivity, it's essential to consider its performance implications, especially in large-scale applications. A study conducted at Blekinge Institute of Technology compared the performance of Eloquent ORM with raw SQL queries. The research revealed that raw SQL outperformed Eloquent in operations like insert, update, and select, particularly when handling large datasets. The overhead introduced by Eloquent's object mapping and additional processing can lead to increased response times in data-intensive scenarios. ​ [8] 
Moreover, discussions within the developer community have highlighted potential performance drawbacks of Eloquent. For instance, a Reddit thread [9] pointed out that Eloquent's use of magic accessors and its handling of model relationships can introduce inefficiencies, especially when dealing with complex queries or large volumes of data. Some developers have noted that while Eloquent is suitable for straightforward operations, it may not be the optimal choice for scenarios requiring high performance and minimal overhead. ​ [10] 
In summary, Eloquent ORM offers a balance between ease of use and performance. For applications where rapid development and code clarity are priorities, Eloquent serves as a powerful tool. However, for performance-critical applications dealing with extensive data operations, developers might need to consider alternative approaches, such as raw SQL or other ORM solutions, to meet their performance requirements.​ [11]

[bookmark: _Toc197442422]Comparative Analysis: Laravel Eloquent ORM vs. Custom Lightweight ORM
This analysis compares the performance and architectural differences between Laravel’s Eloquent ORM and a custom-built lightweight ORM integrated within a minimal PHP framework. Both systems were tested under identical conditions: querying a database table containing one million entries, retrieving 1,000 rows per query, and averaging results over 50 iterations.
The benchmark outcomes revealed a striking performance gradient. Laravel’s Eloquent ORM recorded an average query time of 11.65 milliseconds, while the custom lightweight ORM averaged 2.48 milliseconds — nearly a fivefold improvement. Additionally, raw SQL queries executed directly after establishing the MySQL connection achieved the best performance: 1.06 milliseconds in Laravel and 0.76 milliseconds in the custom framework.
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Figure 6 - Avg result of Eloquent vs Raw queries in Laravel 12
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Figure 7 - Avg result of Custom framework light ORM vs raw queries
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Figure 8 - the method which runs the queries in the custom framework

Performance Differences

The primary factor driving the performance gap is the level of abstraction and additional features layered on top of the raw database engine. Laravel’s Eloquent ORM offers a rich set of functionalities: model hydration, attribute casting, relationship handling, events, accessors, mutators, and an expressive query builder. While these features significantly enhance developer productivity and code readability, they also introduce overhead — every query involves multiple framework-level processes before results are returned.
In contrast, the custom lightweight ORM focuses purely on minimal object mapping. By skipping advanced features and lifecycle hooks, it minimizes the computational and memory load, resulting in much faster execution times. The direct raw SQL queries, which bypass any ORM layer entirely, unsurprisingly offer the highest raw performance, as they involve the least processing between the database engine and the PHP runtime.
Architectural Trade-offs
While the custom lightweight ORM clearly outperforms Eloquent in raw speed, this advantage comes with trade-offs. Laravel’s Eloquent ecosystem offers out-of-the-box integration with middleware, validation, model relationships, migrations, and a broad range of community packages. It reduces development time for complex applications, encourages best practices, and improves maintainability through convention-driven design. The lightweight ORM, on the other hand, demands more manual work from developers: maintaining relationships, handling events, and ensuring consistency become developer responsibilities, which can increase project complexity over time.
Additionally, Laravel benefits from a large, active community, extensive documentation, and frequent updates, which strengthen its long-term maintainability and ecosystem support. A custom ORM, however, requires in-house expertise and ongoing maintenance to adapt to evolving requirements or address issues, making it more suitable for niche, performance-critical applications rather than general-purpose software.

Use Case Considerations
Ultimately, the choice between a full-featured ORM like Eloquent and a lightweight, custom-built alternative depends on the specific needs of the project. For performance-critical systems — such as high-traffic APIs, analytics engines, or microservices where every millisecond counts — the performance advantages of a minimal ORM or even direct raw SQL queries are compelling. However, for business applications prioritizing rapid development, feature richness, and maintainability, the productivity gains offered by Eloquent can outweigh its performance costs.

Conclusion
This comparative analysis underscores a central principle in software design: performance and abstraction are inherently linked. While Laravel’s Eloquent ORM offers unmatched developer convenience, it comes at a measurable cost in raw execution time. The custom lightweight ORM, by stripping away advanced features, achieves far superior performance but demands greater discipline and effort from developers. A thoughtful, context-driven choice between these approaches — or even a hybrid strategy combining both where appropriate — enables teams to balance speed, functionality, and maintainability to best serve their application’s goals.
[bookmark: _Toc197442423]CPU Usage Comparison: Laravel vs. Custom Framework Under Load
In benchmarking the performance of Laravel against a custom-built lightweight PHP framework, one critical system-level observation emerged: the difference in CPU utilization under heavy load. During the tests, which involved simulating concurrent HTTP requests using the wrk tool, the Laravel application’s CPU usage climbed to approximately 245%, while the custom framework under identical conditions reached only 186%.
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Figure 9 - Laravel CPU under load
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Figure 10 - Custom framework CPU under load
This difference highlights an important architectural distinction between the two systems. Laravel, as a full-featured framework, carries significant computational overhead. Each request in Laravel passes through multiple layers: middleware stacks, service container bindings, event listeners, and the Eloquent ORM, which involves model hydration and relationship handling. All of these features, while enhancing developer productivity and offering powerful abstractions, impose a measurable processing cost on each request. As concurrent load increases, the cumulative effect of these processes leads to elevated CPU utilization, pushing the server closer to saturation and limiting the maximum number of requests it can handle per unit of time.

In contrast, the custom framework’s lower CPU usage under the same load can be attributed to its minimalistic architecture. By focusing only on essential components — likely bypassing complex middleware, avoiding heavy ORM features, and using direct or lightweight routing mechanisms — the framework minimizes per-request computational demands. As a result, even under high concurrency, the CPU spends less time per request, allowing the server to process a greater number of requests before approaching critical resource limits.
This contrast illustrates a key trade-off between feature richness and raw efficiency. Laravel offers a robust ecosystem and developer conveniences that are invaluable for many projects, especially where development speed, maintainability, and access to a wide array of built-in tools are priorities. However, these advantages come at the cost of higher resource consumption, particularly noticeable under stress testing or in high-traffic environments. The custom framework, on the other hand, sacrifices these conveniences in favor of stripped-down performance, making it better suited for specialized use cases were maximizing throughput and minimizing server load are paramount.

Ultimately, the CPU usage difference observed during these tests underscores that choosing the right framework is not simply a matter of developer preference but of aligning architectural choices with project goals. For applications with modest traffic or where rapid development is key, Laravel’s higher CPU footprint may be acceptable or even negligible. For performance-critical applications or microservices expected to handle high volumes of concurrent requests with minimal overhead, a lightweight custom framework may deliver superior efficiency, extending the system’s scalability without requiring additional hardware resources.

[bookmark: _Toc197442424]Results
This section presents the findings of the experimental tests, aligned with the research methodology’s quantitative and experimental approach. The results are organized into three key areas: router performance, database query performance, and CPU load under stress, allowing for a detailed analysis of how architectural decisions impacted each system component.

Requests Handling Results
To assess routing performance, we measured how each framework resolved HTTP requests using high-concurrency simulations. The custom framework, powered by FastRoute with Redis-backed route caching, achieved significantly higher throughput compared to Laravel’s router. Using wrk and ab tests, the custom framework consistently processed over 200 requests per second, while Laravel maxed out at about 22–23 requests per second under identical conditions.
This difference is attributed to the custom framework’s lean routing design, which bypasses middleware layers, event listeners, and policy checks, focusing solely on fast route matching and dispatching. In contrast, Laravel’s router, while highly flexible and feature-rich, carries overhead from middleware stacks, CSRF protection, and session handling, all of which slow down routing resolution, especially under load.

[bookmark: _Toc197442426]Database Results
Database performance was evaluated by running 50 iterations of queries on a table with one million entries. We compared both the ORM-based queries and direct raw SQL queries inside each framework.
The results showed:
· Laravel Eloquent ORM averaged 11.65 ms per query.
· Laravel raw SQL averaged 1.06 ms per query.
· Custom lightweight ORM averaged 2.48 ms per query.
· Custom raw SQL averaged 0.76 ms per query.
These results indicate that while Laravel’s Eloquent ORM offers advanced features such as model hydration, relationships, and accessors, it comes with significant performance costs compared to the lightweight ORM used in the custom framework. Direct raw SQL queries, which bypass ORM layers entirely, proved the fastest in both frameworks, highlighting the trade-off between abstraction and execution speed.

[bookmark: _Toc197442427]CPU Load Results
We monitored CPU utilization under load using Docker’s docker stats tool during the wrk benchmarks.
The Laravel container’s CPU usage spiked to approximately 252%, while the custom framework container used only 192% under the same test conditions.
This result reinforces the performance patterns observed in the router and database tests: Laravel’s layered architecture demands more computational resources per request, while the custom framework’s minimalistic design, stripped of heavy middleware and lifecycle hooks, consumes less CPU and delivers higher throughput.

[bookmark: _Toc197442428]Analysis
Overall, the results illustrate a clear relationship between architectural complexity and system performance. Laravel’s extensive feature set provides development flexibility and maintainability but at the cost of higher CPU consumption, slower database interactions, and reduced routing throughput. The custom framework, in contrast, demonstrates how a lightweight, purpose-built design can deliver superior raw performance, making it well-suited for high-load environments where every millisecond counts.

[bookmark: _Toc197442429]Conclusions and Recommendations
The aim of this project was to investigate performance techniques for developing a lightweight, custom PHP framework capable of delivering scalable, high-performance web applications. Specifically, the project set out to compare this custom framework — built with FastRoute, Redis route caching, and a minimalistic ORM — against a full-featured Laravel 12 application, measuring routing speed, database query performance, and CPU load under stress.
The results clearly demonstrate that the project’s primary aim was achieved. The custom framework consistently outperformed Laravel across all key performance indicators. It delivered significantly higher routing throughput, with requests per second nearly ten times greater than Laravel’s, thanks to its streamlined routing implementation and Redis-backed caching. It also showed superior database performance, where its lightweight ORM and direct MySQL queries achieved lower query times than Laravel’s Eloquent ORM. Finally, the custom framework consumed noticeably less CPU under load, confirming that its minimal architecture places less stress on system resources.
These findings validate the hypothesis that deliberately minimizing architectural overhead — by using targeted tools like FastRoute and Redis, and by avoiding heavyweight abstractions — can result in substantial performance gains, especially under high-concurrency conditions. While Laravel remains a powerful and productive framework for general-purpose applications, the custom framework proves to be a better fit for scenarios where raw speed, low latency, and efficient resource use are top priorities.

[bookmark: _Toc197442430]Reflection on the Original Aim
The original aim of this study was to investigate performance optimization techniques within PHP frameworks through a comparative analysis of Laravel and Symfony, using the insights gained to inform the design and development of a lightweight custom PHP framework optimized for high performance and scalability. While the core experimental comparisons were ultimately conducted between Laravel and the custom framework, the broader objective of identifying performance bottlenecks, exploring architectural trade-offs, and applying best practices was fully achieved. The study analyzed key areas such as routing, database interaction, and CPU efficiency, identifying where traditional frameworks introduce overhead and where performance can be improved. These findings were successfully translated into the design of a new lightweight framework, which was then experimentally validated to show superior performance under load. In summary, the project met its aim by moving from comparative analysis to practical implementation, demonstrating how targeted performance techniques can be applied to build faster, more scalable PHP applications.

[bookmark: _Toc197442431]Future Work
While this project successfully achieved its central objectives, several promising avenues remain for future exploration and development. One important direction involves expanding the feature coverage of the custom framework. Currently designed for minimalism and speed, future iterations could incorporate more complex capabilities, such as advanced middleware layers, authentication mechanisms, or background job queues. Studying how these additions affect overall performance would provide valuable insights into the scalability limits and trade-offs associated with adding richer functionality to a lightweight system.
Another key area for future work is the development of an automated benchmarking suite. By integrating tools such as JMeter, wrk scripts, or custom benchmarking pipelines, the framework could be subjected to continuous performance testing as it evolves. This would allow developers to monitor regressions, validate improvements, and ensure that each change maintains the framework’s high-performance standards.
Additionally, while this study focused primarily on CPU usage and execution time, future research should include detailed memory profiling and disk/network I/O analysis to provide a more comprehensive understanding of system efficiency. Profiling these additional dimensions would help identify hidden bottlenecks and further optimize the framework for production environments.
Scalability testing is another essential next step. Evaluating how the framework performs in horizontally scaled deployments — for example, across multiple Docker containers or distributed servers — would reveal its capacity to handle real-world, distributed workloads and inform strategies for cluster-level optimization.
Finally, while the framework’s performance advantages are clear, future work must also assess its security, maintainability, and developer usability. These aspects are crucial for long-term adoption, as a fast framework that lacks secure, maintainable, or developer-friendly practices would struggle to gain traction in real-world projects.
In conclusion, this project has laid a strong foundation, demonstrating the significant performance benefits of a minimalistic, optimized PHP framework. Future research can build on these results by expanding the framework’s features, broadening the scope of performance analysis, and striking a careful balance between raw speed and long-term sustainability, ensuring that the framework remains both powerful and practical for diverse use cases.

[bookmark: _Toc197442432]Reflection
The experience of undertaking this project offered a rich and multifaceted learning process, extending far beyond the technical aspects of PHP frameworks and performance optimization. Engaging deeply with architectural principles, performance benchmarking, and experimental design required not just technical competence but also critical thinking, patience, and adaptability. One key takeaway from this experience was the importance of maintaining a structured, disciplined approach to problem-solving, particularly when working on performance-focused projects where small details can have outsized effects.
Looking back, there are several ways I might have improved my approach. Early in the project, I could have devoted more time to systematically planning the test scenarios and preparing the benchmarking environment, rather than iterating and adjusting setups on the fly. Establishing clearer criteria and checklists from the outset would have saved time and reduced the need for retesting as new factors emerged. Additionally, seeking out more peer feedback or expert review earlier in the process could have provided valuable perspectives and uncovered potential blind spots in the experimental design or analysis methods.
Beyond the technical knowledge gained, this project reinforced several broader lessons. I learned the value of adaptability — the ability to adjust the plan when experiments didn’t initially yield clear or expected results. I also learned the importance of balancing ambition with focus: while it is tempting to chase after many optimization angles, the most meaningful progress came when I narrowed in on core issues and iterated carefully on them. Finally, I gained a deeper appreciation for the relationship between theoretical understanding and practical implementation, recognizing that even well-established architectural principles must be tested and validated under real-world conditions to prove their value.
Overall, the project was not only an opportunity to build technical expertise but also a chance to develop critical project management, reflective thinking, and analytical skills — all of which will serve me well in future challenges.
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