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[bookmark: _Toc2008931433]1. Introduction
Social media has made finding people with common interests and forming connections a simple endeavour. However, as these platforms grow, it becomes harder to find people with similar interests, or mutual connections. This is why social media platforms use algorithms and recommendation systems to connect people based on factors such as mutual interests and mutual friends. A conference paper by V. Moshkin [1] investigates how to create a graph-based knowledge base utilizing social media data, and how to organize this information using graphs.
The purpose of this project is to develop and design a friend recommendation system using Neo4j for graph database management, and Python will be used for backend development. The system will review connections and shared interests between users and recommend potential friends based on the analysis. This project will primarily focus on creating a friend recommendation system as opposed to an entire social media platform.
The likely approach to friend recommendation is link prediction. This process is essentially analysing existing relationships on a network to predict new connections. Graph databases are relevant to this topic as graphs represent data effectively using nodes and relationships. This makes it suitable for charting interconnected data.
Although shared interests and mutual friends are both methods for finding new friends, they require different information to work and are not mutually exclusive. Users can have shared interests without having mutual friends, but having mutual friends doesn't mean you have similar interests. Comparing the two methods can identify strengths and limitations, especially when testing recommendation accuracy and speed. 
[bookmark: _Toc4767649]2. Background to the Proposed Research
Friend recommendation systems are commonly used on social media platforms, such as Facebook, to find users who may share a connection with them. These users are found using different recommendation parameters, such as mutual friends or shared interests. Wang et al. [2] developed a friend recommendation system which creates connections based on compatible lifestyles instead of standard social graphs, such as mutual friends. This means there are many ways to identify a connection between people. Singh et al. [3] investigated friend recommendation based on a link prediction framework, using deep learning to improve the process. These approaches demonstrate how advanced and developed recommendation systems can become, although they are more complex to implement compared to traditional methods.
Graph databases are also relevant to friend recommendation systems. Unlike relational databases which store information in tables, rows and columns, graph databases consist of nodes and edges (relationships) to display connected data. Angles and Gutierrez [4] analyse different graph database models and how each manages relationships. Neo4j uses this approach which makes it appropriate for storing users, friendships and interests. Guia et al. [5] examined the performance of a Neo4j database using a social network benchmark.  These studies demonstrate how one can effectively apply graph databases to social media platforms.
Link prediction is one method of creating the recommendation system. It analyses existing network infrastructure to take preexisting relationships and make predictions on future relationships between nodes. Liben-Nowell and Kleinberg [6] explore link prediction using network structures. One method of link prediction is common neighbours, which counts the number of mutual connections between users. Zhou et al. [7] compared nine types of link prediction and found that common neighbours performed the best overall across the six total networks tested. Zareie and Sakellariou [8] investigated similarity-based link prediction, examining how additional information about network relationships can improve predictions. However, their research was based on network relationships, rather than users' shared interests.
Jaccard similarity is another method used to create friend recommendation systems. It measures the overlap between two data sets to identify potential connections. It compares the number of shared elements against unique elements. Zhou et al. [7] used Jaccard similarity to identify network relationships. Bag et al. [9] utilized Jaccard similarity for collaborative filtering recommendation systems. This project will use Jaccard similarity to compare shared interests. Zare et al. [10] compared link prediction to deep learning methods with deep learning approaches, finding that advanced methods provided more accurate results during experimentation. This also shows how Jaccard can be used with user preferences rather than network connections. 
To determine the quality and speed of recommendation systems, it's important to evaluate them to determine how accurately they can produce successful connections. Yang et al. [11] evaluated different methods of evaluating link prediction models and explored potential problems regarding measuring accuracy. Bi et al. [12] found that different evaluation methods can produce different results whilst comparing algorithms. Thus, it’s important to consider several methods of measuring performance when evaluating the friend recommendation system. Buitrago Lopez et al. [13] also demonstrated that synthetic social networks can be used for testing purposes, so experiments can be executed without needing to collect personal information from users.
Friend recommendation has been widely researched, with investigations into link prediction methods and different approaches to developing systems. However, comparing two types of link prediction each investigating different types of information can provide further insight into how recommendation is generated. This project will compare common neighbours using mutual friendships, to Jaccard similarity using shared interests. The research will test recommendation accuracy and query speed as the number of users and relations increase and scale up within the simulated network.
[bookmark: _Toc1173757539]3. Research Problem statement 
Friend recommendation systems use different methods to identify connections between users accurately. However, different results will be produced depending on the information being analysed and if they analyse existing friendships or shared interests. It’s essential to understand how the two approaches compare to one another in terms of quality and performance as social networks scale up in size. The purpose of this project is to address this problem by developing a friend recommendation system using Neo4j and comparing common neighbours against Jaccard similarity on simulated social networks.
[bookmark: _Toc1089954480]4. Research Aim & Objectives
To design and evaluate a graph-based friend recommendation system using Neo4j and Python, comparing the accuracy and speed of common neighbours against Jaccard similarity using simulated networks.
1. Study relevant research into graph databases and friend recommendation.
2. Design and develop a Neo4j database with a Python backend, utilizing synthetic users, friendships and interests.
3. Implement and examine two recommendation approaches: mutual friends (Common Neighbours) and shared interests (Jaccard Similarity).
4. Evaluate recommendation effectiveness using Recall@K and Precision@K on synthetic networks.
5. Compare Common Neighbours to Jaccard Similarity performance in terms of query execution speed and recommendation quality across different network sizes.

[bookmark: _Toc1122446547]5. Methodology
[bookmark: _Toc1702563360]5.1 Methods 
This project will use a quantitative research approach, with software development and experimental testing. A quantitative approach is suitable because the project involves comparing measurable results, such as query execution speed and prediction accuracy. 
The friend recommendation system will be developed with Neo4j and Python. The method will implement two types of link prediction: common neighbours using mutual friendships and Jaccard similarity using shared interests. They will be compared on synthetic social networks with different sizes for testing purposes. The purpose is to evaluate how each method performs against one another as the number of users/relationships increase.
To evaluate recommendation accuracy, a select number of preexisting friendships will be removed from the dataset before testing. The methods will then attempt to recommend friendships that were removed to show it works. Precision@K and Recall@K will be used to measure recommendation effectiveness, while query execution speed will be recorded for performance comparison. This form of evaluation will identify which type of link prediction is more effective at each database size.
[bookmark: _Toc1775480230]5.2 Materials  
Neo4j will be used to store data on users, friendships and interests. Cypher will be used to query the database and retrieve relationship data and recommendations. Python will be used for the backend development and generating the user data needed for testing.
Development will take place on a personal computer and a laptop. Project files will be stored securely and backed up onto the university’s OneDrive cloud service. No real people or social media profiles will be used.
[bookmark: _Toc1135008121]6. Project Plan
	Period
	Planned Activities
	Milestone

	October 2026
	Submit research proposal and ethics form.
	Proposal submitted

	October – November 2026
	Design database structure and synthetic dataset. Research how to use Neo4j and cypher.
	Completed database design. Understand neo4j database structures and querying with cypher.

	December 2026
	Develop Neo4j database and dataset. Develop Python backend.
	Create basic working prototype.

	Late December – January 13th 2027
	Implement common Neighbours and Jaccard Similarity before interim viva.
	Implemented both recommendation methods.

	14-15 January 2027
	Present current project and working prototype, discuss current and future development.
	Complete Interim Viva

	Late January – February 2027
	Begin testing prototype’s recommendation effectiveness using Precision@K and Recall@K.
	Complete accuracy evaluation.

	March 2027
	Evaluate execution speeds between both recommendation methods on different network sizes.
	Complete performance evaluation

	Late March – 20th April 2027
	Complete experiments and project. Investigate findings and write report.
	Completed research and experiments.

	26th April 2027
	Submit project and dissertation, prepare for final viva.
	Finish both dissertation and submit before 3pm.

	6-7th May 2027
	Present working system during final viva.
	Completed Final Viva.

	10th May 2027
	Prepare for exhibition – create poster and prepare project materials,
	 Complete exhibition.



[bookmark: _Toc661175510]7. References
[1] V. Moshkin, "The approach to building a graph knowledge base using social media data," 2020 IEEE 14th International Conference on Application of Information and Communication Technologies (AICT), Tashkent, Uzbekistan, 2020, pp. 1-6, doi: 10.1109/AICT50176.2020.9368794.
[2] Z. Wang, J. Liao, Q. Cao, H. Qi, and Z. Wang, “Friendbook: A Semantic-Based Friend Recommendation System for Social Networks,” IEEE Transactions on Mobile Computing, vol. 14, no. 3, pp. 538–551, Mar. 2015, doi: 10.1109/tmc.2014.2322373.

[3] S. Singh, R. Rajan, S. Nandini, D. Ramesh, and C. P. Prathibhamol, “Friend Recommendation System in a Social Network Based on Link Prediction Framework Using Deep Neural Network,” in 2022 2nd International Conference on Intelligent Technologies (CONIT), IEEE, June 2022, pp. 1–7. doi: 10.1109/conit55038.2022.9848093.

[4] R. Angles and C. Gutierrez, “Survey of Graph Database Models,” ACM Computing Surveys, vol. 40, no. 1, pp. 1–39, Feb. 2008, doi: 10.1145/1322432.1322433.

[5] J. Guia, V. Gonçalves Soares, and J. Bernardino, “Graph Databases: Neo4j Analysis,” Proceedings of the 19th International Conference on Enterprise Information Systems, 2017, doi: 10.5220/0006356003510356.

[6] D. Liben‐Nowell and J. Kleinberg, “The Link‐Prediction Problem for Social Networks,” Journal of the American Society for Information Science and Technology, vol. 58, no. 7, pp. 1019–1031, Mar. 2007, doi: 10.1002/asi.20591.

[7] T. Zhou, L. Lü, and Y.-C. Zhang, “Predicting Missing Links via Local Information,” The European Physical Journal B, vol. 71, no. 4, pp. 623–630, Oct. 2009, doi: 10.1140/epjb/e2009-00335-8.

[8] A. Zareie and R. Sakellariou, “Similarity-Based Link Prediction in Social Networks Using Latent Relationships Between the Users,” Scientific Reports, vol. 10, no. 1, Nov. 2020, doi: 10.1038/s41598-020-76799-4.


[9] S. Bag, S. K. Kumar, and M. K. Tiwari, “An Efficient Recommendation Generation Using Relevant Jaccard Similarity,” Information Sciences, vol. 483, pp. 53–64, May 2019, doi: 10.1016/j.ins.2019.01.023.

[10] G. Zare, Nima Jafari Navimipour, M. Hosseinzadeh, and Amir Sahafi, “Network Link Prediction via Deep Learning Method: A Comparative Analysis With Traditional Methods,” Engineering Science and Technology an International Journal, vol. 56, pp. 101782–101782, July 2024, doi: 10.1016/j.jestch.2024.101782.

[11] Y. Yang, R. N. Lichtenwalter, and N. V. Chawla, “Evaluating Link Prediction Methods,” Knowledge and Information Systems, vol. 45, no. 3, pp. 751–782, Oct. 2014, doi: 10.1007/s10115-014-0789-0.

[12] Y. Bi, X. Jiao, Y.-L. Lee, and T. Zhou, “Inconsistency Among Evaluation Metrics in Link Prediction,” PNAS Nexus, vol. 3, no. 11, Art. no. pgae498, Oct. 2024, doi: 10.1093/pnasnexus/pgae498.

[13] A. B. López, J. Pastor‐Galindo, and J. A. Ruipérez‐Valiente, “Synthetic Generation of Online Social Networks Through Homophily,” IEEE Transactions on Computational Social Systems, pp. 1–12, 2026, doi: 10.1109/tcss.2026.3662883.


