Name: Omar Qassem

Student Number: 2316700

Course: Computing (Data & Information Systems)

Module: ACCA5033 – Changemakers: Creativity and Value Creation

Assignment: Project Management & Innovation
















Table of Contents
1. Introduction………………………………………………………………….….3
2. Project Scope & Proposed Solution………………………………………4
3. Required Technologies & Resources…………………………………….6
4. Project timeline & schedule………………………………………………..8
5. T2-Innovation……………………………………………………………………10
6. Concepts, Methods, Practices and Tools………………………………13
7. Project Reflection……………………………………………………………..15
8. Conclusion………………………………………………………………………17
9. Bibliography……………………………………………………………………..18




















1. Introduction
This project aims to create a benchmarking framework that will analyse the efficiency and performance of different platforms and tools for big data pipelines, allowing them to choose the tools and methods best fit for their end goal. In today’s rapidly evolving world, business intelligence from analysing big data ensures companies/oranisations/institutions stay relevant. The efficiency of big data tools is key to adhering to ethical standards and ensures the computational costs are kept as low as possible, leading to improved sustainability.






















2. Project Scope & Proposed Solution
Project Aim
To design and implement a generic and reliable benchmarking framework that can evaluate the performance and efficiency of big data analysis tools and pipelines across multiple programming languages and both batch and streaming workloads.

Scope
The project will aim to meet the following objectives:
· Cross-language support: Enable benchmarking for at least two different programming languages (e.g. Python, C#) to assess processing and performance differences.
· Workload: Include both batch and streaming processing pipelines.
· Diversity of tools: Evaluate a range of open-source and commercial big data frameworks (e.g. Apache Spark/Flink, Snowflake, Databricks).
· Dataset: Use real-world datasets that are sourced from government portals, industries or repositories from data sharing platforms such as Git or Kaggle, to ensure results are applicable to practical scenarios.
· Performance metrics: Determine and measure multiple performance characteristics, including execution time, throughput, scalability, resource utilization, fault tolerance etc.
· Create a framework: Create a generic benchmarking framework that will allow for easy integration with many big data tools, datasets and workload types. [1]

Constraints
The following are constraints that I will be bound by during project progression.
· Limited computer resources – dependent on university and work infrastructure and/or available cloud computing resources.
· Bound my time constraints for university schedule for project completion.
· Access restrictions – Access to commercial tools may be limited to trial versions or academic licences.
· Tool ages – Different tools are at different stages of development, so they have naturally will have different levels of performance, which will affect comparability.
· Other unforeseen technical issues. [2]

Acceptance Criteria
The following are the criteria for which the project will be examined against, to determine if it is successful:
· The framework can benchmark reliably in at least two languages.
· The results include comparisons for both batch and streaming workloads
· The framework is documented and can be reproduced/easily adapted for use across different languages and big data frameworks
· The findings provide actionable insights into the trade-offs in performance between different tools 



















3. Required Technologies & Resources
For this project to be a success, the design and implementation of the proposed benchmarking framework will require a combination of software tools, programming languages, big data platforms, datasets, infrastructure and other devices. This section identifies technologies and resources to be used. This is not an exhaustive list and is subject to change during project design and implementation.

Programming languages
To test cross-language benchmarking, at least the following will be required:
· Python – widely used for data engineering and data science (e.g. PySpark, Dask)
· Java – Core language for many big data platforms (e.g. Hadoop, Apache, Flink)
· Scala (Optional) – A native language to Apache Spark.

Big Data Processing Tools
· Open-source:
· Apache Spark 
· Apache Flink
· Dask
· Commercial:
· Databricks
· Snowflake [3]
· 
Datasets
Real-world datasets to ensure practical relevance.
· UK Government Open Data Portal
· Open Data on AWS
· Kaggle Datasets
· Datasets found in work
[4]
Hardware / Infrastructure
· Multi-core CPUs and high memory computers
· Cloud resources such as AWS, Azure
· Network connectivity

Supporting tools/human resources
· Version control: GitHub for code management 
· Access to supervisors and academic mentors for guidance
























4. Project timeline & schedule
Schedule
The following is a schedule of tasks during the life of the project:
	Task
	Duration (weeks)
	Start (week #)
	End (week #)

	1. Project planning
	2
	1
	2

	2. Literature Review
	4
	3
	6

	3. Framework Design
	3
	7
	9

	4. Acquire datasets
	2
	10
	11

	5. Pilot testing
	3
	12
	14

	6. Full benchmark testing
	5
	15
	19

	7. Analysis
	3
	20
	22

	8. Write up
	6
	23
	28

	9. Final review & submission
	2
	29
	30



[5] [6]

Gantt Chart
The following is a Gantt Chart representation of the schedule above:
[image: A screenshot of a graph

AI-generated content may be incorrect.]
Created using: Free Online Gantt Chart Software | Gantt Chart Maker






Development Method
My project is going to involve research and testing to build a flexible and evidence-backed framework, so I will use an Agile / Iterative development method. This allows for a cyclical process of development as I will plan, design, test and repeat as necessary, allowing me to adapt and refine the project as information is revealed.
























5. T2-Innovation
BigDataBench is an open-source benchmarking suite that is designed to evaluate the performance of big data with Artificial Intelligence systems. It was initially developed by the Institute of Computing Technology at the Chinese Academy of Sciences and now has international collaborators. It is an organisation that has produced a product similar to the one I am proposing. [7]

The following is a PEST & SWOT analysis of BigDataBench.
PEST (Political Economic Social Technological) analysis
Political
· International collaborations in Artificial Intelligence and Machine Learning research use these open source frameworks
· An international collaboration means government investment in AI & big data will increase
· Potential geopolitical tensions may affect how different countries adopt the framework (i.e. it originated from China, hence a country like the US may be unwilling to adopt it for national security reasons)

Economic
· Is a free and open-source project, that lowers barriers for academic and industrial use
· The growth of data-driven industries (healthcare, e-commerce, governments) drive an ever increasing demand for reliable benchmarking
· Commercial benchmarking solutions that are tailored toward specific software may dominate the industry due to vendor support
Social
· Developer communities value open-source, free projects
· Provides small companies/organisations and students & academics to access realistic big data workloads without costs
· Outside of academia, it has a limited reputation
Technological
· Reflects real-world, modern big data pipelines as it supports both batch and stream workloads
· Updated frequently
· Requires technical expertise to set up and run, limiting accessibility to less-technical users
[8][9]

SWOT Analysis
Strengths
· Covers batch, stream and machine learning workloads.
· Based of real-world datasets
· Open-source
· Frequently updated
· Works across different platforms & systems (Spark, Flink, Hadoop etc.)

Weaknesses
· Lack of industry recognition
· Western uptake is limited due to originating in Chine
· Steep learning curve
· Open-source so often documentation is not updated very promptly

Opportunities
· There is a growing demand for standardised, cross-platform benchmarks in big data and AI systems
· To expand into edge computing (IoT etc.)
· Partnerships with industry to boos reputation and recognition
Threats
· Competition with industry-backed benchmarks
· Commercial companies may entice important contributors to work for them with a high salary
· Open-source projects may find it hard to keep up with technology as it evolves
· Different industries and different countries may adopt different benchmarking suites, which reduce relevance
[10] [11]

BigDataBench is a relevant benchmarking suite in academia but it struggles to gather industry recognition/adoption. It also lacks the financial backing and access to data that commercial suites enjoy.
























6. Concepts, Methods, Practices and Tools to Develop, Deploy, Maintain and Evolve the Practical Element of My Project If It Was Implemented Within a Large Organisation.
Concepts
· System Architecture Awareness – Big data systems differ so the solution must be robust enough to account for this
· Software engineering principles – Must be modular, portable, maintainable and scalable
· Software versioning – Continuous Integration/Continuous Deployment (CI/CD) as software and pipelines/techniques/technologies evolve
· Data governance – ensure security, privacy and compliance to policy and laws when processing/handling real-world datasets
Methods
· Agile development – allows continuous improvement via incremental releases
· Test-Driven Development – to validate effectiveness and reduce risks during deployment
· Infrastructure as Code (IaC) – using tools such as Terraform to ensure contunity across environments
· Versioning controls – using Git for maintaining code 
· Monitoring – implement logging to understand behaviour of the suite, for troubleshooting and improvement.
Practices
· Gathering requirements – Working with the staff (data engineers/scientists, system architects etc.) to understand the needs
· Code review & collaboration – peer reviewing work to ensure transparency and robustness
· Improvement – Ensure benchmarking suite runs on all systems the company uses
· Documentation – Maintain up-to-date documentation
· Ethical practices – Ensure compliance with GDPR, laws and external and internal policies
· Development lifecycle – almost treat as a “product”, with a roadmap and release cycles, ensuring feedback is given to stakeholders
Tools
· Development & deployment:
· Programming languages: Python, Java, SQL
· Version control: Github
· IaC: Terraform
· Data & workloads:
· Batch: Apache Hadoop/Spark
· Stream: Apache Flink, Kafka
· Cloud: AWS, Azure
· Databases: MySQL, MongoDB
· Collaboration & Documentation:
· Documentation: Confluence
· Issue/Development tracking: Jira
· Communication: Outlook, Microsoft Teams




















7. Project Reflection
This project will help me to build a combination of technical, analytics and professional skills.

Technical skills
· Big data technologies – Develop a deep understanding of tools like Apache Spark, Flink, Databricks and snowflake
· Programming & cross-language development and integration – Strengthen my skills in Python, Java and other languages such as Scala, with a focus on creating modular, maintainable and efficient code that perform well with big data frameworks
· Benchmarking & Performance Analysis – Learn to design & execute benchmarks and measure performance indicators
· Cloud & infrastructure management - Gain experience with AWS, Azure and other systems for scalable big data processing
Project & Professional skills
· Agile Development – Enhance my knowledge with agile development methodologies and my ability to manage a complex technical project
· Data governance and ethical considerations/compliance – Adhere to GDPR and other policy/laws.
· Documentation and communication - Develop clear and useable documentation that will allow others to use the end product
· Critical thinking – Use my own mind to analyse tools and research and come to conclusions
· Research – Develop my ability to research effectively.

My project will have strong relevance to, and impact on/contribute to society through several avenues:
· Improving data-driven decision making – Providing a reliable, cross-platform benchmarking framework, organisations in both the public and private sectors can reliably choose the most effective tools for their purpose, improving analysis and reducing costs
· Open-source – The framework will be available to researchers and students to test pipelines across multiple languages
· Environmental benefits – Optimising big data pipelines can significantly reduce unnecessary computational power, which means less energy consumption, contributing to sustainability and green endeavours
· Support small organisations & education – Will lower barriers for smaller companies and educational institutions that wish to perform advanced big data analysis, but without licencing costs
· Provide industry standards and best practices – Can guide companies and institutions to adopt best practices that will improve reliability and transparency within the big data industry
[12] [13]

Potential risks my project could face, along with mitigation strategies:
	Risk/Challenge
	Impact
	Mitigation Strategy

	Limited computing resources
	Delay benchmarking analysis and/or restrict potential dataset sizes
	Limit initial tests to smaller datasets, use cloud platforms 

	Commercial tool access restrictions
	Cannot test all modern platforms fully without subscription
	Use trial versions/academic subscriptions, open source alternatives

	Data compliance
	Ethical/legal concerns if real-world datasets are misused
	Anonymise data

	Learning curves
	Slow down development
	Consult documentation but ultimately, just deal with it, learn to learn faster. A necessary challenge that will be beneficial.

	Time constraints
	Project milestones may be missed, project may not be finished on time
	Follow agile planning, set achievable goals

	Technical failures in pipelines
	Pipelines may fail
	Implement logging and error handling



[14] [15]











8. Conclusion
This project is designed to develop a generic, cross-language benchmarking framework for evaluating the performance and efficiency of big data pipelines across both batch and streaming workloads. Integrating multiple languages, tools and real-world datasets, the framework will provide a flexible, reproducible and scalable environment to assess pipeline performance metrics such as execution time, throughput and scalability.
The framework will enable meaningful comparisons between open-source and commercial platforms and highlight the trade-offs between systems. This will allow data engineers, scientists, researchers and organisations/institutions to make informed decisions about tool selection, planning and management.
The project will contribute to standardising benchmarking practices across the big data landscape and will ultimately reinforce the importance of systematic benchmarking in a world ever-more reliant on large-scale data.
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